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1.0 INTRODUCTION

The term ‘Carbohydrates’ describes a group of dggemmpounds, ranging from
simple sugars through polysacchacharides, whicm fsome of the important
structures in the biosphere. Carbohydrates arenthg abundant biomolecules on
earth. Thus the term “carbohydrates” includes caimps such as simple sugars
(glucose and galactose), storage carbohydratescl{stand glycogen )and
complex carbohydrates (cellulose and a bacterlbad peptidoglycans). In this
unit you are going to study carbohaydrates, thieysjzal property, classification,
functions and stereochemistry.

2.0 OBJECTIVES
By the end of this units you are expected to know:
* What carbohydrates are;
» The various classification of carbohydrates;
* Physical property of carbohydrates;
» Different roles played by carbohydrates in livingtem;
» Stereochemistry of carbohydrates.

3.0 DEFINITION OF CARBOHYDRATES

Carbohydrates can be defined as polyhydroxy aldehyd ketones, or as substance that
yield one of these compounds on hydrolysis. Mantyrimi all carbohydrates have the
empirical formula (CHO), , where n is three (3) or greater than three. Hewethis
formula does not fit in for all carbohydrates bessaaome carbohydrates have been found
to contain nitrogen, phosphorus or sulfur while sare deoxysugars eg deoxyribose.
The occurrence of the ratio of one molecule of wateone atom of carbon led to the
name “hydrates of carbon” or “carbohydrates”. Hoarethis name is not applicable to all
carbohydrates because of the aforementioned rea$otihe presence of nitrogen,
phosphorus or sulfur.

3.1 CLASSIFICATION OF CARBOHYDRATES

Carbohydrates are classified into (3) three majasses. These are: Monosaccharides,
Oligosaccharides and Polysaccharides. The worcthsaie” is derived from the Greek
word “sackaron” meaning sugar.

Monosaccharides are simple sugars consisting gfespolyhydroxy aldelyde or ketone
unit. The most abundant monosaccharide in natutbessix-carbon sugar D-glucose.
Other monosaccharides include: Mannose, Galactub&aictose.

Oligosaccharides consists of short chains of macwsaride units or residues
joined by characteristic linkage called glycosidands. The most abundant ones are the
diasaccharides which contain two monosaccharides joined together by the glycosidic
bond. Typical example is sucrose which consistsvofsix carbon sugars, D-glucose and
D-fructose.

Polysaccharides are sugar polymers that occucontinuous range of sizes, they
usually contain more than 20 monosaccharide uRil/saccharides may have hundreds
and thousands of monosaccharides units joinediegbl glycosidic bonds.



3.2 FUNCTIONS / ROLES OF CARBOHYDRATES

» One of the primary role/function of carbohydrateshat they serve as nutrients to
cells e.g glucose

» Carbohydrates also functions as form by which @neis stored in cells e.g.
glycogen is the storage form of energy in animélwhbile cellulose is the storage
form of energy in plant cells.

» Carbohydrates function in serving as structural monents of cells and tissue e.g
chitin found in insects and cellulose found in pé&an

» Carbohydrates like peptidoglycans serve as ‘grosubstance’ in connective
tissues ( a gelly-like material) that is very imaat to the proper functioning of
the tissue).

» Carbohydrates e.g. Hyaluronic acid can also sesvdubricants due to their
viscosity in joint.

» Carbohydrates e.g. Oligosaccharides serve as canfgonof glycoprotein where
they are involved cellular/molecular recognition.

» Carbohydrates e.g. Galactose and fucose also fuma$ antigenic determinant of
blood group (ABO) system.

» Carbohydrates, e.g. Sialic acid serve protectitgsrdahey shield oligosaccharides
of glycoconjugates from the action of hydrolytizgmes.

» Carbohydrates, e.g. glycolipids play role in infextin that they serve as site or
recognition by toxins such as cholera toxins antugés toxin.

3.3 PHYSICAL PROPERTY OF CARBOHYDRATES

» Carbohydrate e.g. monosaccharides are soluble tervat insoluble in organic
solvents eg chloroform. Polysaccharides like cefial are insoluble in water but
will dissolve in ammoniacal solution of cupric salt

» Carbohydrates including monosaccharides, oligosattds and polysaccharides
are solid at room temperature.

* Most monosaccharides and some diasaccharidesiergss are sweet to taste.

» Carbohydrates e.g. monosaccharides are coloungstsitine solids.

* Monosaccharides, diasaccharides and polysacchanidexlourless.

3.4  STEREOCHEMISTRY OF CARBOHYDRATES

Carbohydrates, as organic compounds exhibit dtme®risms, different molecule in

which the order of bonding is the same but theiagpatlationship among the atoms is
different.

Enantiomers are stereoisomers that are non supasibie mirror images of each other.
The concept of enatiomerism requires the presehae ahiral carbon atom. A chiral

carbon (also called asymmetric atom) is one thattesched to four different groups:



CHO CHO
H~C—O0H HO~C—H
CH,0H CH,OH
p-Glyceraldehyde L-Glyceraldehyde

Enantiomers

The structure of D and L Glyceraldehyde Enantiomesss obtained from Lehninger’s
Principles of Biochemistry.

Enatiomers will be distinguished from each otherdagignations D for dextrorotatory
and L for leavorotatory. the maximum numbers ofesiissomers possible is,2vhere n is
the number of chiral carbon atoms.In sugars, we#trchines wheather it is a D or L is
the position of —OH group on the carbon atom adjaoe next to the carbon atom that is
most distant from the aldehyde or ketone functigmaup in the sugar.

Diastereoisomers are stereoisomers that are nodmnmnage of each other and need not
contain chiral atoms. Epimers are diastereoisorttgat contain more than one chiral
carbon and differ in configuration about only orsyrametric carbon. e.g. of epimers
include: glucose, galactose and mannose. Epimerseftre exhibit the concept of
epimerism (differing around only one chiral cartatom)

Anomers are special form of carbohydrate steriomsmn which the difference is
specifically about the anomeric carbon. Carbohydratat exhibit difference around
anomeric carbon atom are said to undergo anomexigmof anomers are andp — D-
glucose. When the —OH group on the anomeric caalbam is down or below the plane,
it is an alpha ) anomer while —OH group is up or above the plané a beta f)
anomer.

3.6 SELF ASSESSMENT EXERCISES (SEA).
1.a. What is stereoisomerism?

b. Using examples, distingusish between epimeaischanomerism.
2. State five(5) functions of carbohydrates.

4.0 CONCLUSION
Carbohydrates are organic compounds that are fotmbsnto different classes, have
functions/roles in biological systems and exhibetasochemistry.

50 SUMMARY
» Carbohydrates are defined as polyhydroxyaldehyges/hydroxy ketones or
their derivatives.
» Carbohydrates functions include: surveying as enespurce, structural
importance, cellular recognition, antogeric dete@mniis among other functions.
» Carbohydrates exhibits; anomerism,epimerism, emaism and
diastereoisomerism.



6.0 TUTOR MARKED ASSESSMENT
1(a) Define carbohydrates
(b)  Which classes of carbohydrates are you famaith?
2. list the physical properties of canpdtates.
7.0 REFERENCES/FURTHER READING.
Elegbede J.A.(1990) Introductory Biochemistry (Clstng of
Macromolecules) tinge of Education Press.
Nelson L.,D., and Cox M.,M (2000) LehningePrinciples of
Biochemistry. NewkoWorth Publishers.
White A.,Handler P.,Smith E.,L., Hill R.,lLehman R.1.(1978).
Principles of Biochemys(6™.edition)Mc Graw Hill,
Kogakusha.
Devlin, T. (1986). Textbook of Biochemistmth Clinical
CorrelationsEdition) John Wiley and sons New York.
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1.0

2.0

3.0

3.1

INTRODUCTION

Monosaccharides are the simplest carbohydrates atetalso called simple

sugars. They are the first of the three classesadfohydrates characterized by
being products of hydrolysis of non simpler sugé&@igosaccharides and

Polysaccharides). Monosaccharides consists ofghespolyhydroxy aldehyde or

ketone unit. The most abundant monosaccharideaturenis the six carbon sugar
D-glucose, sometimes refered to as dextrose. Mmubsrides are of two

families; those containing aldehyde functional grocalled aldose and those with
ketonic group are called ketoses, each havingwts characteristic structure. In

this unit you are going to study some aspects ohasaccharide (glucose)

chemistry.

OBJECTIVES

The objectives of this unit are:

e To study the structure of glucose;

e To study the perspective and projection formulglo€tose;
e To study the Fisher and Haworth projection of gkeco

STRUCTURE OF GLUCOSE

The most abundant, naturally-occurring monosacdbas D-glucose. D-glucose
is a component of structures e.g. cellulose, glgogogstarch and important
disaccharides such as sucrose, lactose and maltose.

Structurally glucose can be represented in a $trailgain and a cyclic structure
called Fisher and Haworth projection formulae ofjiDeose respectively, these
will be discussed in this unit

CHO
H——OH
HO——H
H OH CH,OH
H O~_ H
H—+—OH H
‘ OH H
OH OH
CH,OH H OH
D Glucose o - D- Glucose

PROJECTION AND PERPECTIVE FORMULAS

The tetrahedral nature of carbon compounds presemtsque problem in writing

the three dimensional structure of a compound twoadimensional surface such
as paper. This difficulty persisted until Emil Hige introduced the projection
formula in which 4 groups attached to a carbon aapenprojected onto a plane.
In Fischer's scheme, the horizontal bonds are wholed to be in front of the



3.2

3.3

plane of the paper (i.e nearer to the reader degyr@nd represented by solid lines
while the vertical bonds are behind the plane efghper (further away from the
writer or reader) and represented by broken orethfhes as below:

A A
B——C —E B=—C —E

D D
Projection formula Perspecfivenula

This relationship is seen more clearly in the pectige formula where the
vertical, dashed liner represent bonds behind taeepof the paper, and the
horizontal solid wedges identify bond in front bétplane of the paper.

FISCHER'S PROJECTION

Emil Fischer won the nobel prize in chemistry fdwogdating the structure of
glucose. From Fischer’s work it has been possiblerite the projection formula
for glucose as well as the ball and stick formtda D and L glucose. The
Fischer’s projection formula for glucose can beaespnted.

CHO CHO
H—F—OH HO——H
HO——H H——OH
H——1—O0H HO——F+—H
H———OH HO——H
CH,OH CH,0OH
D (+) Glucose L (-) Glucose

CYCLISATION OF THE FICHER PROJECTION FORMULA IN
MONOSACCHARIDES.

It has been shown that the two crystalline formglo€ose exist depending on the
method of crystallization. These two forms of glseare thex form and the3
form. The observation of this observed behaviourglocose is attributed to the
fact that aldohexoses and other sugars reachadteito form cyclic hemiacetals.
The formation of cyclic hemiacetals is a charasters reaction between aldelyde
and alcohol while hemiketals are formed betweenriet and alcohols.

In glucose. The hemiacetal reaction occurs betwaeoholic (-OH) group on
carbon 5 and the aldehyde group on carbon 1, tusirig a 6 membrane ring
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(related structurally to pyran and therefore reférto as pyranose). When the —
OH group on carbon 4 participates in the hemiadetahation, a 5 — membered

ring structure is formed (related structurally toan, hence called furanose).

The furanose form of glucose is less stable thanpyranose form in solution

hence it is the pyranose form that usually exidt#owever, furanose forms of

other monosaccharides e.g fructose are also stallléound in nature.

@ @
Pyran Furan

The structures of Pyranose and Furanose rings abowere obtained from
Harper’s Review of Biochemistry

The formation of pyranose rings confers some asymynen carbon atom 1
(Hemiacetal carbon) and hence optical activity. @ihend3 forms of D-glucose
differ only in the configuration around the hemi@tearbon. These two forms of
glucose are called diastereo isomers or anomers.t&tm anomer is used to
describe isomeric form of monosaccharides thated#ach other only on their
configuration about hemiacetal carbon atom sucti a® — glucose ang — D-
glucose. The hemiacetal or carbonyl carbon is ddahe anomeric carbon.

OPTICAL ACTIVITY IN MONOSACCHARIDES

Optical activity is a concept exhibited by organampounds e.g. glucose having
an anomeric carbon atom or chiral centre to rotiagepath of plane-polarized

light in a polarimeter. If the path of the plandasized light is rotated clockwise

it is called (+) Dextrorotatory and if anticlockwist is called (-) or Laevorotatory

denoted by D and L respectively.

MEASUREMENT OF OPTICAL ACTIVITY

Specific rotation is a quantitative measurementthod optical activity of a

stereoisomer. It is determined form measuremenhefdegree of rotation of a
solution of a pure steroisomer at a given concéatran a tube of a given length

in a polarimeter. The specific rotation is calcathts:
[0(]250 _ Observed rotation indegrees

b length of tube,(dm)x concentration (g/ml)
Where dm = decimeter (0-1m)
D = Line of sodium (indicating light at wavelghgf 589nm)
25C = Temperature of measurement
(o) = Specific Rotation
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HAWORTH’'S PROJECTION FORMULA

The English chemist W.H. Haworth proposed that theg forms of
monosaccharides should be represented by a hexagunaonsisting of carbon
atoms C-1 to C — 5 and the oxygen atoms of glu@mse in a plane
perpendicular to the plane of the paper. The sidarer the reader should
represented by thickened lines while the substituen the carbon atoms in the
ring will extend above or below the plane of thedgonal ring for example the
C-6, which is substituent on C-5 will be above tilane of the ring as shown
below. Contrary to the implication of the Hawortmojection formular the
hexagonal ring of pyranose is not planer. In mostnosaccharides, it exists as
the chair conformation though in same may exishasoat confirmation.

3.7 SELF ASSESSMENT EXERCISES(SEA)

1.(a) Describe the projection and perspedtvmula for glucose.
(b) Briefly describe optical activity monosaccharides.

4.0 CONCLUSION

Monosaccharides e.g. glucose can structurally existraight and cyclic forms(
- andp anomeric forms). These two anomeric forms exlopiical activity and
their specific rotations can be measured.

5.0 SUMMARY

6.0

e Straight chain structure of glucose can cyclise the pyranose and furanose
rings.

e The Fischer’s projection formula of glucose is moearer when represented
in the perspectic formula.

 Thea andp anomeric forms of glucose are optically active.

e Howorth projection formula is another way of resng glucose structure.

TUTOR MARKED ASSESSMENT (TMA)

la. Describe the Fischers projection formula facgse
b. How do monosaccharides e.g. glucose cyclize?
2a. How is optical activity measured in monosaddes?
b. What is the Haworth projection formula?

7.0 REFERENCES ND FURTHER READING.

Elegbede J.A.(1990) Introductory Biochemistry (Cletrg of

Macromoleculesistitute of Education Press.

Nelson L.,D., and Cox M.,M (2000) LehningePrinciples of

Biochemistry. e York. Worth Publishers.

White A.,Handler P.,Smith E.,L., Hill R.,lLehman R.1.(1978).

Principles of Bremistry (&'.edition)Mc Graw Hill,
Kogakusha.

Devlin, T. (1986). Textbook of Biochemistmth Clinical

Correlationd{Edition) John Wiley and sons New York.
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1.0 INTRODUCTION

Apart from the monosaccharide glucose, other marubgaides units do exist.
Trioses (3) three carbon containing sugars and3esr(4) four carbon containing
sugars which are monosaccharides that have ondigktr chain structures.

Monosaccharides having (5) five carbon atoms orenalar exist usually in cyclic

or ring structures in solution. In such ring stwres, the carbonyl group is not
free but would form a covalent bond with one of iyelroxyl groups in the chain

(intramolecular hemiacetal or hemiketal formatiolm).this unit you shall study

other structures of monosaccharide types and pineperties.

2.0 OBJECTIVES
In this unit we are expected to:
e Study the structure of other monosaccharides wiits3 and 4 carbon atoms.
e Study the structure of monosaccharides with maaa Bhcarbon atoms.

. Study the properties of monosaccharides.

3.0 STRUCTURE OF MONOSACCHARIDES WITH THREE (3) CAR BON
AND FOUR (4) CARBON ATOMS (TRIOSES AND TETROSES)
Monosaccharides containing 3 and 4 carbon atomallysexist in straight chain
forms. They do not form pyran or furan rings. Teéeg3C) sugars and tetroses
(4C) sugars are very important monosaccharides.

TRIOSE
CHO
D-Glyceraldehyde |
H-C- OH
CH,OH
CHO
TETROSE ‘ TETROSE
HG— OH THO
‘ HO—CH
HC— OH
‘ H— COH
CH,OH |
CH,OH

D- Erythrose D — Threose
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3.1 STRUCTURE OF MONOSACCHARIDES WITH MORE THAN FOU R
(4) CARBON ATOMS

PENTOSE
CHO
CHO CH,OH CH,OH H-C-OH
H C OH |c:o <|::o HO - C-H
H COH H|COH HOCH H - |C OH
H (|30H H COH H COH H- |c OH
(|:H20H CH,OH CH,OH C|:H20H
D —Ribose D-Ribulose -XPlulose D-Glucose
CH,OH
¢=0 CHO CH,OH
CHOH HOCH HOCH (|: -5
c=0 HCOH HO - CH HO|CH
HCOH HCOH H -<|30H H(|:OH
|
HCOH H(‘:OH H (|;OH H |COH
CH,OH CH,OH (|:H20H CH,OH
D- Ribulose D-Seduheptulose D — Manno8eFructose

3.2 STRUCTURE OF DERIVED MONOSACCHARIDES
Many derivatives of monosaccharides are constitueftliving things. Among
the more important are the sugar acids, the amigars and the deoxy sugars.

3.2.1 SUGAR ACIDS
The most common compounds of this group are forbyeaxidation of aldoses to
carboxylic acids at either C — 1 aldehyde carbbe,@-6 hydroxymethyl carbon,
or both. These acids have the generic names aldanoicic acid and aldaric acid,
respectively and the general structures.
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COOH CHO COOH
(CHOHn (CHOHN (CHOHp
CH,OH COOH COOH

Aldonic, Uronic acids and Aldaric Asidespectively

Oxidation of glucose gives rise to the followingds

COOH CHO COOH
H|C-OH H.|c-o+ H-L-OH
HO|C-H H_|C_H HO-|C-H
H-|C-OH H-|C-OI- H-|C-OH
H-|C-OH H-|C-O+ H-|C-OH
CHOH C|:OOH C|:OOH

D-Gluconic acid D-Glucuronic acid D-Glucascid

3.2.2 DEOXY SUGARS
These sugars include compounds with one or moreoRkyd groups on the
pyranose or furanose rings replaced by hydrogerex@mple is 2 — Deoxyribose
which is a component of the repeating unit in tlodymeric deoxyribonucleic

acids (DNA).
5
HOCH,
O._ OH
4 1
H\H  HfH
a 2
OH H

2- Deoxyribose
The structure of 2-deoxy ribose was obtained frorarder’'s Review of
Biochemistry

3.2.3 AMINO SUGARS
In these compounds, a hydroxyl group on one optlanose — ring carbon atoms
is replaced by an amino group. These compoundwidedy distributed in plants

and animals. Example of amino sugars/gacetyl D-glucosamine andV-acetyl
D-galactosamine.
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CH,OH
H H
HO OH
H NHCOCH;

(N-acety - D-glucosamine

OT

PROPERTIES OF MONOSACCHARIDES

1 MUTAROTATION
Isomeric forms of monosaccharides that differ dnlyheir configuration about a
hemaicetal or hemketal carbon atom (anomers) hasecapability to undergo
mutarotation. Mutarotation is a phenomenon whereand 3 anomers of D-
glucose interconvert in aqueous solution.

2 REDUCING PROPERTY
Monosaccharides readily reduce oxidizing agenth sisc(Ca@") cupric ions and

hydrogen peroxide (¥D,). Glucose and other sugars capable of reducing

oxidizing agents are called reducing sugars. E.gneBict’'s solution which
contains Cti' in alkaline medium is a common reagent used faediag
reducing sugars by its ability to be converted tmkered colour by reducing
sugars..

++ Reduced by > CuU

Sugar

CuO
red ppt

Cu

3 GLYCOSIDE FORMATION
Monosaccharides have the capacity to form acetatfycosides when glucose
solution is exposed to methanol in the presencéilofe HCI. Two compounds
are formed, methyl B -D- glucopyranoside and methgl- D glycopyranoside
(Glycosides). Glycosides are not reducing sugard does not show the
phenomenon of mutarotation.

CHZ0H

H o 4 CH20H
H H O H
: H
OH H +CHAOH dilHcl
HO GH 3 - HONOH H
H OH QCH3
H OH

o — D — glucopyranose 3 - methyl — D — glucopyranose o - methyl — D — glucopyranose
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3.3.4 ESTER FORMATION

Another important property of monosaccharides rsnfion of esters. & - D-
glucopyranose is treated with acetic anhydride,tla —OH groups become
acetylated to yield penta — O- acetyl glucose. Tintion is useful in structural
elucidation of sugars since acetyl groups can ledtysed in acid or alkali.

One of the most important type of ester formati®nhie formation of phosphate
esters of carbohydrates.

I
CH>0C — CHj3

CH,0H H o H

H O H ﬁ) (”)
acetic anhydrlde= CH3—CO O OC—CH,

OH H |
HO OH H OC—CHs;

H OH

3.3.5 DEHYDRATION In strong mineral acid like HCI, pentoses and hezaae
dehydrated to form fufurals and hydmmeghylfurfural compounds respectively.
This reaction is used in qualitativalgsis of carbohydrates.

B - D —Ribose Fufural
HOH,C o OH " 0]
‘ ‘ LA — CHO +3H,0
PNH H /L Y
OH OH

3.3.6  REARRANGEMENT IN ALKALINE SOLUTION
In cold, dilute alkaline solution, glucose formstibenannose and fructose. This
interconversion is attributable to enolisation teat that involves removal of
hydrogen from carbon atom adjacent to the carbgrodp.

CHO
CHO CH,OH ‘
H—C—OH | HOCH
HO—C—H c=0
! HOCH
H—?—OH HO CH ‘
H—C—OH
| H LOH H € OH
CH20H ‘
H COH H COH
D- Glucose ‘
CH,OH CH,OH
2" D-Fructose >~ D-Mannose

Source: Harper’'s Review of Biochemistry
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3.3.7 REDUCTION OF MONOSACCHARIDES

D — glucose can be reduced by hydrogen gas andadlsumetal catalyst to give
glucitol (sorbitol).

CHO CH,OH
H COH HC OH
HO CH HOCH
H COH + 2H HOCH
_—
H (|ZOH H C OH
CH,0OH CH,OH
D-glucose Glucitol (Sorbitol)

3.4 SELF ASSESSMENT EXERCISES(SEA).

1.(a) Draw the structcure of any three (3) derirre@hosaccharides.
(b) Describe the rearrangement of glucose iralistle solution.

4.0 CONCLUSION
Apart from glucose other monosaccharides like maenglyceraldehydes and
Ribose do exist. Each of them has a characteristiasture and property.

5.0 SUMMARY

e Three (3) carbon and four (4) carbon atoms coimgimonosaccharides exist
and they only have a straight chain structure .

e Monosaccharides containing more than four (4) carfkoms have different
structure from glucose and can be in straight dsagsecyclic structure forms.

e Derived monosaccharides include: sugar acids, amsungars and deoxy
sugars.

e Monosaccharides have variety of properties whioblude: Reducing
property, glycoside formation, ester formation agiothers.

6.0 TUTOR MARKED ASSIGNMENT (TMA)

la. Draw the structure of a named 3 carbon andrBoo atom containing
sugars.

b. Draw the structure of any two of the following:
I. Mannose.
ii. Fructose .
iii. Seduheptulose.

2a. Describe the reducing property of monosaccéarid

b. How do monosaccharides form glycosides.
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1.0 INTRODUCTION

Oligosaccharides represent the second class lodlopdrates which consists of few ( 2 to
10 ) monosaccharide units or residues joined byacheristics linkages called glycosidic
bonds. Oligosaccharides can be diasaccharides thiegncontain only (2) two units of
monosaccharides, trisaccharides when they con@inthfee units of simple sugars,
tetrasaccharides when they contain (4) four unitsimple sugars, pentasaccharides,
hexassacharides or heptasaccharides. The most tanpddligosaccharides are the
diasaccharides which contain (2) two units of sergugars. In this unit you are going to
study the various types of diasaccharides.

2.0 OBJECTIVES
* To study chemistry of Oligosaccharides
» To study different types of important Oligosacctas (diasaccharides)
* To learn the structure of different types of daswarides.

3.0 CHEMISTRY OF OLIGOSACCHARIDES
All common Oligosaccharides have names ending suiffix — ose. In cells, most
Oligosaccharides having three or more units doogour as free entities but are
joined to non-sugar molecules (lipids or protemylycocojugates.
Oligosaccharides are basically involved in (2) wiiferent types of linkage® —
glycosidic linkage ant-Glycosidic linkage.
The O-glycosidic linkage is more common in joining themosaccharides unit
together whileN-glycosidic linkage usually links Oligosaccharidegh other
glycoconjugates like protein and nucleic acid. TReglycosidic bonds joining
monosaccharide units in Oligosaccharides can elibesina or f configuration.
These configurations depend on the position of-iB& group of the anomeric
carbon atom involved in the linkage. When the — @Bup from the anomeric
carbon atom involved in glycosidic linkage is beldte plane, then it is called an
alphaO-glycosidic linkage and when it is above the pléane called beta O-
glycosidic linkage. While writing the name of ani@gdlsaccharides, it is important
to indicate the (2) two carbon atoms joined by tdlgcosidic linkage in
parentheses, with an arrow connecting the two rusnfor example (B 4)
shows that C — 1 of the first named sugar residyaimed to C — 4 of the second.

CH,OH CH,OH
o)
H
o n oL
HO
H OH

Example ofO-glycosidic linkage holding the two glucose molesuile Maltose
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OH OH

Uridine

Example ofN-glycosidic linkage holding the ribose sugar andaaebat the -1 position
of the base.
Source: Harper'sReview of Biochemistr
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3.2

TYPES OF OLIGOSACCHARIDES (DIASACCHARIDES)

Different types of diasaccharides do exist and th#erences in thes
diasaccharides are based upon the type of monasébes units contained
them (they are made up of ). In addi, the orientation of the compone
monosaccharidesinits determineswhether the diasaccharides is a redu
diasaccharide or a n« reducing one.

MALTOSE

The diasaccharide maltose conte (2) two D —glucose residues joined by
glycosidic linkage between + 1 (the anomeric carbon atom) of e glucose
residue and C 4 of another. Due to the fact that the anomenbaa ( C— 1 of
the glucose residuon the right ) can redt, maltose is a reducing diasacchar
The configuration of the anomeric carbon atola.

CH,OH CH,OH
H 4 O H H O~_ OH
H
OH H |_ OH H
HO H
H OH H H

Maltose. a - D Glucopyranosyl (£ 4) Dglucopyranose

Maltose is formed whe— OH group of one glucose molecule (right) condel
with intermolecular hemiacetal of the other glte molecule (left) with the
elimination of water and formation O-glycosidic bond (linkage)
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LACTOSE
Lactose contains D — galactose and D — glucose.umgictose occurs naturally
only in milk. The anomeric carbon of glucose isilde for oxidation and thus
lactose is a reducing disaccharide. It is abbrediats Gal[{1 — 4) Glc.

CH,OH CH,OH

OH H CQ OH H
H H H
H OH H OH
Lactose

B - D — galactopyranosyl (# 4) 3 - D — glucopyranose
SUCROSE
The table sugar is sucrose and is a diasacchavsidglsicose and fructose. It is
formed by plants but not by higher animals. In tcast to maltose and lactose,
sucrose contains no free anomeric carbon atom. affwaneric units of both
diasaccharides are involved in glycosidic linka&eicrose is therefore not a
reducing sugar. In the abbreviated nomenclaturesémrose, a double headed
arrows in parenthesis are used instead of theesingaded arrow, as in lactose
and maltose, this is simply to indicate that ithe 2 (two) anomeric carbons that
are involved in glycosidic bond.

8CH,0H

Sucrose

a-D-glucopyranosyl g-p-fructofuranoside
Gleia 128 Fru

Source: Lehninger’s Principles of Biochemistry
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3.5 TREHALOSE
Trehalose, Glc ol—1a) Glc is a diasaccharide containing two glucosetsuni
joined by alpha 1 -1 glycosidic bond. Like sucrasehalose is a non reducing
diasaccharide (sugar). It is a major constituenti@ulating fluid (heamolymph)
in insects where it serves in energy storage.

6CH.0OH

Trehalose

a-D-glucopyranosyl a-p-glucopyranoside
Glola 1«1 a)Gle

Source: Lehninger’s’s Principles of Biochemistry

3.6 PROPERTIES OF OLIGOSACCHARIDES (DISACCHARIDES)

. Oligosaccharides can be hydrolyzed by acids orrdthérolytic enzymes to
their monomeric units.

. Some Oligosaccharides can undergo mutarotation usecahey have
reducing properties eg. lactose.

. Some Oligosaccharides e.g. maltose are reducireysudhile some are not
eg sucrose.

. Oligosaccharides units are held together by glytioginkages

3.7 SELF ASSESSMENT EXERCISES(SMA)
1.(a) Describe the type of linkages present intange named
diasaccharide.
(b) Draw the structure of Trehalose.

4.0 CONCLUSION
Oligosaccharides contains fewer monosaccharidess yoined together by
glycosidic bond. The monosaccharides can be similatifferent and could be
reducing sugar or non-reducing sugatr.

5.0 SUMMARY
* Oligosaccharides represent the second class ablogdbates.
* There are different classes of oligosaccharideb thi¢ diasaccharides being
the most important class.
* Maltose and lactose are reducing diasaccharidele whcrose and trehalose
are non — reducing diasaccharides.
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» Oligosaccharides hav@®-glycosidic linkage joining their monosaccharide
unit together andN — glycosidic linkages links oligosaccharides tdeot
glycoconjugates like proteins and nucleic acids.

6.0 TUTOR MARKED ASSESSMENT

1 (a) What are Oligosaccharides?
(b) Give 3 characteristic of Oligosaccharides.
2. (a) How are monosaccharide units of Oligosaddkaidinked?

(b) Draw the structure of the following: Maltosejcose and Lactose.

7.0 REFERENCES AND FURTHER READING.
Elegbede J.A.(1990) IntrodugtBrochemistry (Chemistry of
Macromolees) .Institute of Education Press.
Nelson L.,D., and Cox M.,M (20Q@@&hninger’s Principles of
BiochemistryNew York. Worth Publishers.
White A.,Handler P.,Smith E. Hil R.,L., Lehman
R.1.(1978). muiples of Biochemistry (Bedition)Mc
Graw Hill, Kogalses
Devlin, T. (1986). Textbook of Bleemistry with Clinical
Correlations’{ Edition) John Wiley and sons New
York
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INTRODUCTION
Most carbohydrates found in nature occur as pobjsatdes. They represent the
third class of carbohydrate types also called gigcaHydrolysis of
polysaccharides vyields exclusively monosaccharidesproducts related to
monosaccharides, most frequently D-Glucose. Howew&mannose, D-
galactose, D-fructose, D — arabinose as well atubegonic acid, D. galacturonic
acid, D — glucosanmine, sialic acids and uronidsaalso occur as constituents
of polysaccharides. The various polysaccharideferdifot only in constituent
monosaccharide composition but differ also in mal@c weight and other
structural features. Thus, some polysaccharideslirmgar while some are highly
branched. In this unit we are going to study theeint types of polysaccharides,
their chemical compositions and structures.
OBJECTIVES
The objectives of this unit are:
. To study the classification of polysaccharides.
. Study the chemical composition of each type of patgharide.
. To learn the structure of polysaccharides.
TYPES OF POLYSACCHARIDES
Although there are various indices that can be used classifiying
polysaccharides, the most widely used index ispifegluct of hydrolysis of the
polysaccharides, whether they are similar in whicdse they are called
homopolysaccharides or whether the products ofdiysiis are different in which
case called heteropolysaccharides.
HOMOPOLYSACCHARIDES
These are polysaccharides that upon hydrolysig gnly one type of monomeric
units. There are various types of homopolysaccharighich include: cellulose,
starch and glycogen.
CELLULOSE
Cellulose is unquestionably the most abundant ¢eudate and the most
abundant organic compound in the world, constitu®®% or more of all the
carbon in vegetation. It is a linear homopolysaddea composed of D-
glucopyranose units linked If8y(1-4) linkages. On partial hydrolysis of cellutos
a diasaccharide cellobiose is produced while onptet®a hydrolysis of cellulose,
glucose units are produced.

Repeating cellobiose unit of cellulose
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3.1.2 STARCH

Starch is a polymer of glucose units linkedanl — 4 linkages.It serves as
nutritional reservour in plants. The repeating daharide unit in starch therefore
is maltose.

Nonreducing

Reducing
end |

end

(a) amyloze

Repeating Unit of Starch (Aose Unit) containing two Maltose Units.
The structure was obtained from Lehninger’s’s Primptes of Biochemistry.

Native starches are a mixture of two compounds #natseparable from each
other, Amylose and Amylopectin. Amylose is a comgratrthat is believed to be a
long unbranched chain of glucose joined together cbyl-4 bonds and
amylopectin which is a branched chain polysacclearithe glucose residue that is
situated at each point of branching is substitaedarbon 4 and carbon 6. The
isolation ofa 1 — 6 diasaccharide, isomaltose, from the prodotiscomplete
hydrolysis of amylopectin proves the substitutibthe branch points.

CHZOH
H H , 9 H
H
OH H
o—!
« 1-4
H OH
(0]
CHZOH CHZOH
(6]
H H H H fe)
H
L H
oI\ ©oH H o oH H .
o 1-6
H OH
H OH

Repeating Unit of Starch (Amyagin Unit)
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3.1.2 GLYCOGEN
Glycogen is another hompolysaccharide of glucoge.sl| also a storage
polysaccharides of animals that serves as a sodifcel, serving similar purpose
as starch. It is similar to amylopectin in thaisita branched polysaccharide. It is
however different from amylopectin in that its bchrpoint occurs every 8 — 10
units of glucose. Glycogen is hydrolysable @yand B - amylases to vyield
glucose, maltose and limit dextrins.

3.2 HETEROPOLYSACCHARIDES
These are class of carbohydrate composed of regeaionomeric unit that are
different. Many types of heteropolysaccharides xiste

3.2.1 PECTINS
These are heteropolysaccharides consisting of raveéj galactose and
galactouronic acid.

3.2.2 HYALURONIC ACID
This is a heteropolysaccharide consisting of repgatnits of D-glucoromic acid
and N-acetyl D glucosamine. The monosaccharidebrded together by(1 — 3
)bonds to form a diasaccharides which is linkedpfly — 4) bond to the next
repeating unit. It is soluble in water and formcass solution.

CH-OH

0

GleNAc

Repeating unit of hyaluronic acid obtained from bainger’s’s Principles of Biochemistry

3.2.3 CHONDROITIN
This is also a heteropolysaccharide similar to ¢éwgalic acid in composition
except that the amino sugamMNsacetyl D-galactosammine nitacetyl D-
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glucosamine sulfate esters are found at C-4 or @-6he amino sugar of
chondroitin making it chondroitin- 4-sulfate or cluvoitin-6-sulfate respectively.

CH,OH

GleA GalNAcdS

The structure of chondroitin-4-sulfate was obtainedrfom Lehninger’s’s
Principles of Biochemistry.
3.3 SELF ASSESSMENT EXERCISES(SAE)
1.(a) What are polysaccharides?
(b) How are polysaccharides classified?

4.0 CONCLUSION
Polysaccharides are the third class of carbohysitdiat is usually a polymer of
same monomeric unit of simple sugars of differemnomeric units of simple
sugar.

5.0 SUMMARY
. Polysaccharides are the most abundant class oblogibates that on
hydrolysis yields monosaccharides or monomericsusfisugars.
. Polysaccharides can be classified into homo arerdblysaccharide.
. Different polysaccharides contain different typenainomeric composition

. Homopolysaccharides includes: Starch, Glycogenjufoske e.t.c. while
heterolysaccharides are: Hyaluronic acid, Pechiondiotin sulfate e,.t.c.

6.0 TUTOR MARKED ASSESSMENT
1. (a) Differentiate between homopolysaccharides andheteropolysaccharides
(b) Draw the structure of the repeating unit oaed homopolysaccharide
2. (a) Draw the structure of chondroticas sulfate
(b) Distinguish between hydraulic acid and chomadbon sulfate.

7.0 REFERENCES AND FURTHER READING
Elegbede J.A.(1990) Introductory BiochenyigChemistry of
Macromolecules) .inge of Education Press.
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White A.,Handler P.,Smith E.,L., Hill R.,lLehman R.1.(1978).
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INTRODUCTION

Lipids are group of compounds that are insolublevater but soluble in organic
solvents. Lipids are usually oily or greasy orgasibstances extractable from
cells and tissues using solvents like chlorofornettver. The most abundant type
of lipid is the triglyceride (Triacylglycerol). Inhis unit we shall discuss the
chemistry of these organic substances called lipids

OBJECTIVES
By the end of this unit you are expected to know

»  The building blocks of most lipids (fatty acids) ;
* The various types of fatty acids;

»  Structure and nomenclature of fatty acids;

»  Properties of fatty acids;

* Reaction of fatty acids.

CHEMICAL COMPOSITION OF LIPIDS

Majority of lipids have fatty acids as their buidi blocks. Fatty acids are long-
chain organic acids (carboxylic acids). They haagan atoms from 4 — 36, a
single (-COOH) carboxyl group and a long non-ptéérwhich is responsible for
water — insolubility and oily or greasy nature adshlipids.



34

The hydrocarbon tail of fatty acids may be eith@usated, contain one double
bond (monounsaturated) or more (up to six) doubledb (polyunsaturated fatty
acids). The double bonds are nearly alwaysisconfiguration in unsaturated
fatty acids. In polyunsaturated fatty acids theldelwbonds are never conjugated
(-CH - CH — CH = CH -), rather they are separdtgdmethylene group (- CH =
CH = CH>- CH = CH -). This arrangement is called pentagdistnucture.

Table 1.0 shows some naturally occurrattyfacids.

Systematic namet

n-Dodecanoic acid

ndetradecanoic acid

n-Hexadecanoic acid

n-Octadecanoic acid

n-Eicosanoic acid

n-Tetracosanoic acid

cis-9-Hexadecenoic acid
cis-9-Octadecenoic acid

3.1 TYPES OF FATTY ACIDS
Carbon
skeleton Structure™®
12:0 CHs(CH2)15CO0H
14:0 CHz(CH2);2CO0H
16:0 CHz(CH2),4CO0H
18:0 CH=(CH2);5CO0H
20:0 CH4(CH,),-CO0H
24:0 CHs(CH2)22CO0H
16:1(A%) CH;(CH,)cCH=CH(CH,),COOH
18:1(A%) CH;(CH,);CH—CH(CH,),CO0H
18:2(A%*%) CH=(CH2)4CH=CHCH-CH=

18:3(4%4215)

20:‘,1':&5.3.11.14}

CH(CH_);COOH

CH3CH,CH=CHCH,CH=
CHCHoCH=CH(CH.), COOH

CH3(CH2)sCH=CHCH,CH=
CHCH,CH=CHCH,CH=
CH(CH,),COOH

cis-,cis-9,12-Octadecadienoic
acid

cls-, ois-,cis-9,12 15-
Octadecatrienoic acid

cls-, ois-,cls-,ci5-5,8,11,14-
lcosatetraenoic acid

Common name
(derivation)

Lauric acid
(Latin laurus,
“laurel plant™)
Myristic acid
(Latin Myristica,
nutmeg genus)
Palmitic acid
(Latin paima,
“palm tree™)
Stearic acid
(Greek stear,
*hard fat”)
Arachidic acid
(Latin Arachis,
legume genus)
Lignoceric acid
(Latin Ggnum,
“wood” + cera,
“wax")
Palmitoleic acid
Oleic acid

(Latin oleum, “oil™)

Linoleic acid

(Greek linon, “flax™)

ee-Linolenic acid

Arachidonic acid

Melting
point (°C)

44.2

539

63.1

£9.6

78.5

86.0

1-0.5
13.4

1-5

—11

—49.5

Table 1.0 was Obtained from Lehninger’s’s Princigl@f Biochemistry.

3.2

PROPERTIES OF FATTY ACIDS.

Solubility at 30°C
(mg/g solvent)

Water Benzene
0.063 2,600
0.024 874
0.0083 348
0.0034 124

Like any other organic compound, fatty acids alswehtheir physical and
chemical properties which is dependent on the cb&miature of the fatty acids.
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PHYSICAL PROPERTY OF FATTY ACID.

Physical property of fatty acids are largely deteed by the length of the fatty

acid and the degree of unsaturation of the hydbmrarchain. The non polar

hydrocarbon chains accounts for the poor solubilityfatty acids in water. The

longer the hydrocarbon chain and the fewer the ldoblonds the lower the

solubility of fatty acids, eg. Lauric acid with 1@arbon atoms has greater
solubility than Palmitic acid with 16 carbon atoms.

Melting points are also influenced by the lengtld &#me degree of unsaturation of
hydrocarbon chain. At room temperature’@p the saturated fatty acids from 12
carbon to 24 carbon atoms have a waxy nature, @wbenesaturated fatty acids of
these chain length are oily liquids. This differena melting points is due to

deference in degree of packing of the fatty acideswes. For a given fatty acid

chain, melting point decreases as the number dflddaond increases.

CHEMICAL PROPERTIES OF FATTY ACID.

Ester bond formation:- The carboxyl group (-COORJatty acids can react with
hydroxyl groups (—OH) of compounds like Glycerolftam ester. This type of
reaction leads to the formation of triacylglycesded phospholipids.

Glycerol + Fatty Acid = Mono, Di driglyceride,
deperglon the number of fatty acids

0
CHoOH CHgo”c -R
CHOH +R-COOH ——» CHOH
CHoOH C|:H20H

Monoglyceride

The methyl group of the non—conjugated pentadi¢énetsire in polyunsaturated
fatty acids can be directly attacked byt® form free radicals.

NOMENCLATURE OF FATTY ACIDS

A general rule in the nomenclature of fatty acidst tonsiders the

number of carbon atoms, then the number of doubtel® if any and finally the
position of the double bonds counting from —COOlboa as carbon number 1.
For example, palmitic acid, GHCH,)14COOH, a saturated fatty acid is written as
16:0, which means the fatty acid has 16 carbon sstomd no double bonds .

GHCH,)14CO0H
Structure of PalmAcid

Oleic acid, CH(CH,);CH=CH(CH),COOH, is a monounsaturated fatty acid is
written as 18 : 1A% which means the fatty acid has 18 carbon atondscae
double bond or carbon atom number 9. The notatigns{mple mean carbon
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atom number. For polyunsaturated fatty acid (PURAchidonic acid, its
nomenclature is written as 20:4°¢*''J, meaning that it's a 20 carbon atom
fatty acid with double bond at positions/carbonneo5,8,11 and 14. It is
important to note that generally the cis configioratof double bonds in fatty
acids are assumed when their nomenclatures arenvrit

3.4 SELF ASSESSMENT EXERCISES(SAE).
1.(a) Draw the structure of two (2) named saturéég acids.
(b) Give two physical properties of fadiyids.

4.0 CONCLUSION

The chemistry of lipids is simply based on the rmatof fatty acids contained in
them and these fatty acids have their inherentipbgsemical properties.

5.0 SUMMARY

» Fatty acids are the building blocks of majoritylipids which can either be
saturated or unsaturated.

» Physical properties of fatty acids include differ@hsolubility and melting
points determined by chain length and degree cditunstion.

» Chemical properties of fatty acids include abilibyform ester linkage, free
radicals on oxidation e.t.c.

* In naming fatty acids, the numbers of carbon atesngonsidered first,
followed by of double bonds.

6.0 TUTOR MARKED ASSESSMENT
1. (&) What are the factors that determine the paygioperty of lipids.
(b) Write the structures of fatty acids with 12,ddd 16 carbon atoms.
2. (a) Give any two reaction of fatty acids
(b) Give the nomenclature of a polyunsaturateq fatid with double bonds
at position 9, 12 and 15 in cis configuration.

7.0 RFERENCES AND FURTHER READING
Elegbede J.A.(1990) Introductory Biochstnyi (Chemistry of
Macromoleculdsktitute of Education Press.
Nelson L.,D., and Cox M.,M (2000) LehningePrinciples of
BiochemistryNew York. Worth Publishers.
White A.,Handler P.,Smith E.,L., Hill R.,lLehman R.1.(1978).
PrinciplesBibchemistry (é‘.edition)Mc Graw
Hill, Kogakues
Devlin, T. (1986). Textbook of Biochemistmth Clinical
Correlatio( 29 Edition) John Wiley and sons
New York
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INTRODUCTION

Lipids have been classified and subclassified mhféerent types. The indices
upon which these classifications are made is bi&sidae to their composition
and properties. The classification enables oneatilyecategorize a lipid which
could be isolated from plant or animal tissue. his tunit you will learn the
various classes of lipids and their structures.

OBJECTIVES
» To study the various classes of lipids .
* To learn the structures of lipids present in vagiolasses.

CLASSIFICATION OF LIPIDS

Lipids have been broadly classified into saponl&adnd non saponifiable lipids.
Saponifiable lipids are those lipids that yieldtsafl fatty acids upon alkaline
hydrolysis while non saponifiable lipids are noualty subjected to hydrolysis.
Example of saponifiable lipids includes: Acylglyoks, Phosphoacylglycerols,
Sphingolipids and Waxes. While example of non-sédadite lipids are Terpenes,
Steroids, Prostaglandins and related compounds.

ACYLGLYCEROLS

These are the most abundant and widespread oipals,| they are also called
neutral lipids. Acylglycerols are compounds in whiene or more of the three
hydroxyl groups (OH) is esterified to fatty acidscylglycerols can either be
mono when only one —OH group is esterified, dialyggrol when two of the
three hydroxyl groups are esterified to fatty amidriacylglycerol when all three
—OH groups of the glycerol are esterified to fadyids. Triacyglycerols also
called triglycerides are the form in which lipidsa good storage form of energy
and the form in which lipid is stored in adiposssties. They are produced from
the reaction.

GHZOH clezoocoﬁ/
lCHOH + 3R—COOH— Il?f/)OCH
Glycerol CH,OH CHZOOCOR/

The R’and R” may be the same or different fattylaci

Triacyglycerols are hydrophobic and do not formblanmicelles. They may be
hydrolysed to glycerol and 3 fatty acids by enzyifligsses) or strong alkali. The
properties of triacylglycerol are determined toraag extent by the those fatty
acids contained in it.
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3.2 PHOSPHOACYLGLYCEROLS
Phosphoacyglycerols are derivatives of (L — Glyter® — phosphate)

|CH20H

ICHOH
CH2— o-— |P_ o
L-Glycerol-3-PhosphSte.

The parent compound of phosphoacylglycerols, (phatsgic acid) is derived
from L-glycerol — 3- phosphate by esterificationtsftwo —OH groups.

1]
: (|3H2—OCR
R—CO-CH
| o
CHy 0—P-0
-

Phosphatidic Acid.

All phosphoacylglycerols (phosphoglycerides) or ogpholipids have negative
charge around pH 7. They are ampiphatic (possesspadar head group and non
polar hydrophobic tails).

Examples of phosphoacylycerols include phosphatithine (lecithine),
phosphatidylethanolamine, phosphatidylinositol phdsphatidylserine.

Q ?
CH-OC-R CH,—-OC—R
Il c | 2 0] | 2
CH,~OC-R R-CO-CH R—CO-CH +
R—CO-CH | ? + | 0 N

| o ST OmPTOTCHz CHyNEH),  CHy 0-P-0-CH,-CH;G-CO0

_ _u_ _ _+ o)
CHs0 P—=0~CH,~CHyNH, o) H

Phosphatidylethnolamine Phosphatidylchlonie Phasgylserine

In phospholipids, when the —OH group on the fiesbon atom is in ether linkage
to a fatty acid rather than ester linkage, a spetype of phospholipids called
plasmologens are formed. Other types of phosphdiiclude cardiolipin.
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SPHINGOLIPIDS

Sphingolipids are the second largest class of menebiipids. They are a
complex lipids composed of long chain fatty acise anolecule of long chain
amino alcohol or its derivative called sphingosered a polar head alcohol.
Sphingolipids contain no glycerol backbone andcdr@ types.

HO—CH—CH—CH— CH2}, ~CH3

(|3H—NH—
CH2—O—

Sphingosine

Structure of Sphingosine (Parent compound of Sptiiigs)
In ceramides, a long chain fatty acid in amidedigé to sphingosine

SPHINGOMYELINS

These are the most common class of sphingoliprdsphingomeyelins the —OH
group at C-1 of sphingosine is esterfied to phospbtine or
phosphoethanolamine while one of the H atoms of-tlild, group attached to C
— 2 of sphingosine is linked to a fatty acid.

Sphingomyelins resemble phosphatidylcholines ineg@nproperties and three
dimensional structures.

CHyCH2 ).CH=CH~ ‘CH OH

0
fH N-c-R
H 0 N
O P OT)I—&CI—EN CHs)
o]

Structure of Sphingomyelin (Note, R in the struetaf the fatty acid
molecule.)

GLYCOSPHINGOLIPIDS

These are type of sphingolipids that occur largeiythe outer surface of plasma
membranes. They have head groups with one or nugas attached directly to
the — OH at C - 1 of the sphingosine moiety. Theyndt contain phosphate.
Cerebrosides are example of Glycosphingolipids Wwhigve a single sugar linked
to sphingosine.

Globosides are other example of sphingolipids #matneutral (uncharged) with
two or more sugars usually D — glucose, D — gataszcor N-acetyl neuraminic
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acid. Cerebrosides and globosides are usually caléaedral glycolipids as they

have no charge at pH 7.0.

CH,CH2 ?ZCH:CH*‘CH*OH

HC-N-CR
CH,
CH,OH
H 0
oH
HO
H OH

Glucosylceramide (glucocerebroside)

3.3.3 GANGLIOSIDES
These are perhaps the most complex of all the plodippds. They have

oligosaccharides as their polar groups and one orenresidues ofN —
acetylneuraminic acid also called sialic acid.

3.4

CH;CH2 ).CH=CH-CH-OH

WAXES

|9

HC—N-C-R
CH,
b
J

X is oligosaccharide containing sialic acid

These class of saponifiable lipids are esters o lchain fatty acids (14 — 36
Carbon atoms) and long chain monohydric alcohos<122 atoms). They are
highly insoluble in water and are chemically inert.

&

By
CIJIH
C|)H
CH, )
CH,

P

Structure of Biological wax
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3.5 STEROIDS
These are non-saponifiable lipids that are  demesati of
cyclopentanoperhydroxyphenanthrene (steroid nuglelise steroid nucleus is
essentially planar, rigid consisting of four (4)céd rings. Most steroids in
humans have methyl groups at position 10 and 13freogiently a side chain at
position 17.

3 17

Sterols contain steroid nucleus with one or mo@H( groups free or esterified to
fatty acids. The most abundant sterols in aninsalie is the cholesterol which has
the structure.

“CH,
“CH—*"CH,

Alkewl
side
chain

Steroid
nucleus

Structure of Cholesterol obtained from LehningersPrinciples of Biochemistry.
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TERPENES
Terpenes are other examples of non-sapofiableslighidt are composed of two or
more isoprene units. Isoprene is a 5 five carbonpmund with the structure.

[CH2=C|3—CH:CH2]
CH,

Structure of Isoprene unit

Terpenes are basically hydrocarbons found in plasagrene units are combined in head

— to — tail fashion to form variety of compoundsiethinclude:[3 - carotene, rubber,
carotenoids, limonene etc.

3.7

4.0

5.0

6.0

SELF ASSESSMENT EXERCISES.
1.(a) What are saponifiable lipids?
(b) Draw the structure of the paresthpound of sphingolipids.

CONCLUSION
There are 2 broad classes of lipids: Saponifiabte rronsaponifiable lipids, each
having its own sub-classes and structures.

SUMMARY

. Saponifiable lipids are those lipids that can ugdealkaline hydrolysis.

. Example of saponifiable lipids are: Triacylglycexol Waxes,
Phospholipids and Sphingolipids.

. Non saponifiable lipids are lipids that cannot ergpb alkaline hydrolysis.

. Examples of non saponifiable lipids include: Sidsp Terpenes,

Protaglandins, Thromboxanes e.t.c.

TUTOR MARKED ASSESSMENT
1 (A) What is the basis of lipid classification?

(B) Draw the structure of (2) two named sapobigdipids.
2 (a) Distinguish between steroids and sterols.

(b) Draw the structure of isopernoid unit.
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INTRODUCTION

Like other macromolecules, lipids have their phgsiemical properties and can
be analysed qualitatively or quantitatively. Theygibal and chemical properties
of lipids are basically as a result of the composibf the lipids. The insolubility

of lipids in water makes it have a special apprdadisolation/extraction different
from other macromoleculues like, carbohydrates@otkins. In this unit we shall
discuss the physicochemical properties of lipids daeir methods of analysis.

OBJECTIVES
At the end of this chapter we are expected to know
» Physical properties of fatty acids ;
» Chemical properties of fatty acids;
* How to extract and analyse lipids.

PHYSICAL PROPERTIES OF LIPIDS

1. Lipids are insoluble in water but are soluble igaoric solvents e.g. ether and
chloroform.

They are oily or greasy organic substances .

Lipids are found in plant and animal tissues whbey can be extracted from.

Lipids can be solid or liquid at room temperature.

They have characteristics melting point which iuenced by the nature of

fatty acids contained in a lipid. The more the @Ginhlength and degree of
saturation of a fatty acid, the higher its meltpant.

abrown

CHEMICAL PROPERTIES OF LIPIDS
Lipids e.g. (Neutral fats) are susceptible to aeitaline or enzyme hydrolysis.
The enzymes that catalyse the hydrolysis of lipidscalled esterases or lipases.
Alkaline hydrolysis of these lipids is called safimation
RCOOCH )
R-COO HOCH,
RCOOCH + 30H —» R-COO + HO|CH2

. < |
R' cCoOoCH R'- COO HOCH,

The reaction is irreversible and therefore the @eaylate ions combine with
sodium (Na) or potassium (K) salt of the alkaliftom soap. Saponification of
lipids is measured by its saponification value Wahig the number of milligram of
KOH required to saponify 1gram of fat.

Polar lipids e.g. (phospholipids) are ampiphationtains a charged head group
and hydrophobic tail) as such in aqueous systentar pipids spontaneously
disperse to form micelles in which the hydrophotaits are lucked or hidden
inside the micelle structure and the polar headsexposed to the agueous
environments.
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ACID VALUE.

The acid value of fat can be defined as the nuroberilligram of KOH required
to neutralize the free fatty acids present in 1gddrfat. Each lipid sample has a
characteristic acid value which is defined by thenber of and type of fatty acid
contained in it.

IODINE VALUE.

lodine value is another property of lipids whictdefined as the number of grams
of iodine absorbed by 100g of lipid. A moleculeimdine adds across each double
bond of the unsaturated fatty acid. lodine valueegi a measure of the degree of
unsaturation of a lipid.

FUNCTIONS OF LIPIDS

» Lipids are stored in tissues largely in a watee fstate and therefore serve as
reservoirs of energy.

* Some lipids serve as structural components of mandsre.g. phospholipids.

* Some lipids act as intracellular signals e.g. (phasidylinositols).

» Lipids e.g. biological waxes play important rolegroviding a water barrier
for insects, birds and other animals like sheepological waxes find a
variety of application in pharmaceutical, cosmatic other industries

* Lipids e.g Gangliosides form a very important comgats of specific
receptor sites on the surfaces of cell membranes.

» Lipids (phospholipids) play significant roles in etharchitectures of
membranes.

» Lipids serve as good sources of fat soluble vitam# D, E and K.

ANALYSES OF LIPIDS

Due to the fact that lipids are insoluble in watéeir extraction and subsequent
fractionation requires the use of organic solveatsl some techniques not
commonly in used in the purification of water sdimolecules such as proteins
and carbohydrates.

EXTRACTION OF LIPIDS

Neutral lipids (triacylglycerols, waxes, pigmentsje readily extracted from
tissues with ethylether, chloroform or benzene.ofnmonly used extractant is a
mixture of chloroform, methanol and water. Initiadlume proportions (1:2:0.8)
that are miscible are used in the homogenizatiotissties to extract all lipids.
The lipids remain in chloroform layer and more patalecules such as protein
and sugar partition into the methanol/water layer.

QUALITATIVE/QUANTITATIVE ANALYSES OF LIPIDS.

One very important way of qualitatively analysis fipids is by the use of Thin-
layer Chromatography (TLC) using silica gel oradiacid. A thin layer of silica
gel is spread onto a glass plate, to which it astheA small sample of lipids
dissolved in chloroform is applied near one edgthefplate, which is dipped into
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a shallow container of an organic solvent or sdveixture. All of which is
enclosed within a chamber saturated with the solvapour. As solvent rises on
the plate by capillary action, it carries lipidstivit. The less polar lipids move
farthest, as they have less tendency to bind tgitiva gel. The lipids can then be
detected after separation by spraying the platd witdye (rhodamine) that
fluoresces when associated with lipids, or by expgpshe plate to iodine fumes
which gives a yellow or brown colour with lipids rdaining unsaturated fatty
acids. Other chromatographic techniques e.g. HigtrfoRmance Liquid
Chromatography (HPLC), Gas Liquid Chromatographiz@jcan be employed
in both quantitative and qualitative analysis pfds. Colorimetry, techniques that
involve the use of chromogenic reagents that ceoltiplex with lipids to give
coloured complex that can be measured by the useolofimeters are also
available for quantitative estimation of lipids.

3.4 SELF ASSESSMENT EXERCISES.
1.(a) State the fuctions of lipids .
(b) How can you qualitatively and quantitativalyalyse lipids.

CONCLUSION
Lipids are of variety of physical and chemical prdpes. They have different
roles and can be analyzed both qualitatively arahtjtatively.

SUMMARY
In this unit we have learnt that:

Physical properties of lipids include: Insolubilitywater, oily in nature, can be
solid or liquid at room temperature. etc

Chemical properties of lipids include: susceptipito hydrolysis, ability to form
micelles in agqueous solution by (pdifaids) e.t.c)

Lipids serve as source of energy, thermal insutadi® intracellular signals, source
of vitamins A,D,E and K, serve as specific recegites e.t.c.

Lipids can be analyzed by chromatographic techrsgurel colorimetric
procedures can be used to quantitgtimedlyze lipids.

TUTOR MARKED ASSESSMENT.
1.(a). Outline the physical properties of lipids.

(b). Give a reaction for the alkaline hydrolysfdipids.
2. (a). What is iodine value of a lipid?

(b). Describe the term acid value of lipids.
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1.0 INTRODUCTION

In as much as most lipid are insoluble in agueoesiathe transport of these
substances in the blood plasma is accomplisheérdiffly from water soluble
molecules. Lipids are not transported in the fagen in the blood but bound to
protein in the form of lipoprotein. The lipoprotsirare lipids associated with
specific proteins. These lipoproteins are of défér characteristics, types and
chemical composition. In this unit we are goingstady what lipoprotein are,
their chemical composition, types and function.

1.0 OBJECTIVES
The objectives of this unit are:
* To teach you what lipoprotein are;
» To teach you the chemical composition of differgpies/classes of lipoproteins;
* To teach you the functions of lipoproteins;

2.0 DEFINITION OF LIPOPROTEINS
A lipoprotein is a multicomponent complex of proteind lipids of characteristic
density, molecular weight, size and chemical contjpps These complexes of
protein and lipids are held together by non couvdia@rces. While a certain typical
chemical composition and molecular weight exists dach type of lipoprotein
complex, there may exist no exact stoichiometry mgnthe components of the
complex.

3.1 CLASSIFICATION OF LIPOPROTEINS (PLASMA)
The classification of plasma lipoproteins is difficas the physical and chemical
characteristics of these complexes are often hggeaus. However, the most
popular system for classification of plasma lipdpno particles is based on
criterion of density which is a reflection of thépid content.
Four density classes of plasma lipoprotein are kmodely in humans. They
includes the high density lipoproteins (HDL) thevldensity lipoproteins (LDL)
the very low density lipoproteins (VLDL) and theytdmicrons. The LDL is
further categorized into LDLand LDL, or Intermediate density lipoproteins
(IDL) and the chylomicrons.

(Table 1.0) Table of the four different classe$idproteins and their densities.

Lipoprotein Density (g/ml)
Chylomicrons < 1.006

VLDL .95 - 1.006

LDL 1.006 — 1.063
HDL 1.063 —1.210

Table 1.0 was obtained from Text book of Biochemystvith Clinical Correlations by
Thomas Devlin.
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COMPOSITION OF LIPOPROTEINS (PLASMA)

The lipid fraction of the plasma lipoproteins canga significant amount of
triacylglycerols, phospholipids, free cholester@ad cholesterol esterified with
long chain fatty acids and other lipids presergnrall amount.

When protein components of lipoprotein are sepdrateom their lipid
components by extraction of the lipid with an origasolvent, the isolated protein
(apolipoproteins) can be shown by immunological ahdmical characterization
to be at least seven distinct types. The apoligeprasolated from plasma HDL
is majorly apolipoprotein A. Apolipoprotein B (ApdBs the major protein for
LDL fraction . A third, apolipoprotein C (Apo C)sifound predominatly in
VLDL. Other chemically distinct apolipoprotein atfee apolipoproteins D & E
(ApoD) and (ApoE). ApoD is found in HDL, where & & minor component. Apo
E is found in chylomicrons, also in a low concation. Other types/subtypes of
apolipoprotein are also available and are desciibbéue table below.

Table 2.0 Apolipoprotein of Human Plasma Lipopnogei

APOA-L i HDL

ApO A—1ll.oiii . HDL

APOA—IV. ..o HDL, chylomicrons
ApoB—-48.........ciii VLDL, LDL

ApoB —100........ccevnninnnnn. Chylomicrons

APOC L VLDL, HDL
ApPOoCll..ooiiii VLDL HDL, Chylomicrons
APO C .., VLDL HDL, Chylomicrons
APOD...cciiiii HDL

APOE ... Chylomicrons and VLDL

Table 2.0 above was obtained from Text book of Biewmistry with Clinical
correlations by Thomas Devlin.
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3.2.1 SOME PROPERTIES OF PLASMA LIPOPROTEINS

Some properties of apolipoproteins in human plasntkescribed in the Table 3.0
below.

Apolipoprotein Molecular weight No of amino acids
Apo A —1 28,300 243

Apo A -1l 17,380 Dimer of two 77 amino acid chains
Apo B 8,000 — 550,000 -

Apo C — | 6,600 57

Apo C — I 8,800 78

Apo C —1lI 8,700 79

Apo D 20,000 -

Apo E 33,000 -

Apo F 30,000 -

Apo G 72,000 -

Table 3.0 was Obtained from Text book of Biochemystvith Clinical Correlations by
Thomas Devlin.

3.3

3.4

STRUCTURE OF LIPOPROTEINS

The structure of lipoprotein molecules have beemstigated with a wide range
of methods including electron microscopy, X-ray frdiftion and
spectrophotometric techniques. Although these tgcles were unable to give a
definitive structures of plasma lipoproteins.

The structure of lipoproteins can be easily visaei as a complex of organic
matter containing a composite of lipids and pratewith the polar side of the
complex facing outside towards water solvents drel dpolar parts embeded
inside the complex

FUNCTION OF LIPOPROTEINS

Each class of lipoprotein has a specific functidetermined by its point of
synthesis, lipid composition and apolipoprotein teah Chylomicrons are
involved in the movement of dietary triacylgycerédem the intestine to other
tissues, they are the largest but least in demsit/ contain high proportion of
triacylglycerols.

VLDL . When diet contains more fatty acids than are e@é&hmediately as fuel,
they are converted to triacylglycerols and expoftedn the liver as VLDL. In
addition, VLDL contain some cholesterol, cholestester.

LDL. The loss of triacylglycerol converts some VLDLVY&DL remnants (also
called IDL) and with further removal of triacylglgmls, to LDL. LDL is very
rich in cholesterol and cholesteryl esters andefioee transports cholesterol to
extrahepatic tissues that have specific plasma mamelreceptors.

HDL. The fourth class of major lipoprotein is the Hhich basically picks up
cholesterols stored in extrahepatic tissues ang @ao the liver. It can also pick
up cholesterol from the liver for conversion intdebsalts. In addition HDL
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particles converts cholesterol and phosphatidylokadf chylomicron and VLDL
remnants to cholesteryl esters.

3.5 SELF ASSESSMENT EXERCISES(SAE).
1.(a) Describe the composition of lipoproteins.
(b) What are the functions of lipoprotei

4.0 CONCLUSION
Lipids are transported in the blood as lipoprotentsch are of different types,
each containing a specific apolipoprotein which leasharacteristic lipid it
transports.

50 SUMMARY

At the end of this unit we have learnt that:

» Lipoproteins are multicomponent of complex of phoge and lipids of
characteristic density, molecular weight, size eineimical composition.

» Lipoproteins are classified based on their derssitito four different classes
namely: LDL, VLDL, HDL and Chylomicrons.

» Lipoproteins are composed of different type of aptgins/apolipoproteins of
varying molecular weight.

» Each lipoprotein has a particular type of lipian&jorly contains as such has a
characteristics function.

6.0 TUTOR MARKED ASSIGNMENT
1(a) Classify lipoprotein based on their densities
(b) Give some characteristics of lipoproteins
2 (a) Describe lipoproteins structurally
(b) State the function of HDL and VLDL

7.0 REFERENCES AND FURTHER READING.

Elegbede J.A.(1990) Introductory Biochemistry (Cistng of
Macromolecules)kstltute of Education Press.

Nelson L.,D., and Cox M.,M (2000) Lehrémg Principles of
Biochemistry. N&wrk. Worth Publishers.

White A.,Handler P.,Smith E.,L., Hill R., Lehman R.1.(1978).
Principles of Bi@shistry (8".edition)Mc Graw Hill,
Kogakusha.

Devlin, T. (1986). Textbook of Biochemnystvith Clinical

Correlations’ Edition) John Wiley and sons New

York



MODULE 2: LIPIDS

UNIT 5: MEMBRANES AND MEMBRANE STRUCTURE
1.0 Introduction.

2.0 Objectives.

3.0 Chemical Composition of Membranes.

4.0
5.0
6.0
7.0

3.0.1 Lipids of membrane.
3.0.2 Membrane Proteins.
3.0.3 Carbohydrate of Membranes.

3.1 Molecular Structure of Membranes.
3.2 Properties of Biological Membranes
3.3 Function of Membranes.
3.4 Self assessment Exercises.
Conclusion
Summary

Tutor Marked Assignment (TMA)
References and Further Reading

55



1.0

2.0

3.0

3.0.1

3.0.2

56

INTRODUCTION

Living cells , whether prokaryotic or eukaryotic tiave biological membranes
which could serves as a barrier between cellulanpaments and the entire
extracellular environment. Biological membranes ehdvilaminar appearance
when viewed under the microscope, with two darkdsoon each side of the light
band. The overall width of various mammalian membsais 7 — 10nm, some
membranes have smaller widths especially the ielikdar ones. Even though,
electron microscopy has provided us with a verticsfacture of the membranes,
membranes are very dynamic with a movement thamipercellular and
subcellular structures in eukaryotic cells to atjtiseir shape and move. In this
unit we shall discuss the chemistry, component atlder properties of
membranes.

OBJECTIVES

. To study the chemical composition of membranes.
. To know the structure of biological membranes .

. To study the properties of biological membranes.
. To study the function of biological membranes .

CHEMICAL COMPOSITION OF BIOLOGICAL MEMBRANES

Lipids and proteins are the two (2) major composaitall membranes but the
amount varies greatly between different membraimésacellular membranes are
known to have some proportion of protein becausehef greater enzymatic
activity of these membranes. Membranes also cortagh amount of various
polysaccharide (sugars) in the form of glycoprote@nd glycolipid. Free

carbohydrates do not exits in membranes.

LIPIDS OF MEMBRANE.

The three major lipid components of membranes ahesphoglycerides,

sphingolipids and cholesterol. Individual cellulmembranes also contain small
guantities of other lipids such as triacylglycerahd diol derivatives. The

percentage of each of the major lipids varies §icamtly in different membranes

and is presumably related to specific roles ofvitllial membranes.

MEMBRANE PROTEINS

Membrane proteins are classified into two (2). pleepheral membrane proteins
(or extrinsic) which easily isolated from the memnes by treatment of the

membrane with salt solution of low or high ionicestgth, or extremes of pH or

the name is used to imply a physical location am ghrface of the membrane.
Peripheral protein many with enzymatic activity aseially soluble in water and

free of lipids.

Integral (or intrinsic) proteins require rather stra treatment such as use of
detergent or organic solvents to be extracted floenmembrane. They usually
contain tightly bound lipid, which if removed leatisdenaturation of the protein

and loss of its biological function. Removal ofagtal proteins leads to disruption
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of the membrane where as peripheral proteins caremeved with little or no
change in the integrity of the membrane.

CARBOHYDRATE OF MEMBRANES

Carbohydrates present in membranes are exclusimelythe form of
oligosaccharides covalently attached to proteinfotm glycoproteins and to a
lesser amount of lipids to form glycolipids. Thegats found in glycoproteins and
glycolipids include Glucose, Mannose, Galactose&oBa, N-acethylglucosamine,
N-acetylgalactosamine and Sialic acid.

MOLECULAR STRUCTURE OF MEMBRANES

The basic structural characteristic of all membsanis derived from
physicochemical properties of the major lipids comgnts, the
phosphoglycerides and sphingolipids. These are @mpc compounds with a
hydrophilic head and hydrophobic tail .

These ampiphatic compounds due to their low satybil water react in a unique
fashion in aqueous systems. Under proper condttiese lipids molecules will
come together to form spheres termed micelles whih hydrophobic tails
interacting to exclude water and the charged pgtaups on the outside. The
specific concentration of lipid required for mieelformation is called critical
micelle concentration.

Also, depending on the condition, the ampiphatedb will interest to form a
bimolecular leaf structure with two layers of lipdwhich the polar group are at
the interface between the aqueous medium and piee Wihile the hydrophobic
tails react to form an environment that excludetewa his bilayer conformation
is the basic lipid structure of all biological merabes. Lipids bilayers are
extremely stable structures. A lipid bilayer camwse in on itself, forming a
spherical vesicle separating the external spacen fan internal compartment.
These vesicle are termed liposomes.

Based on the physicochemical properties of lipikisir biochemical and electron
microcopy investigations, knowledge of the struetwf biological membrane
evolved. The basic structure is a bimolecular Eaingement of lipids in which
the phosphoglycerides, sphingolipids and cholektare oriented so that the
hydrophobic portions of the molecules interact iaimize their interaction with
water or other polar lipids. The polar heads of dhgpiphatic compounds are at
the interface with the aqueous environment. Thisngement of lipids is same as
that if synthetic phospholipids, liposomes. A mgpooblem to resolve, however
has been to explain the interaction of integral pedpheral proteins with the
lipid bilayer.

A number of models for biological membrane struetinave been proposed
dating back to 1935 by H Davson and Danielle whiehks refined by J.D.
Robertson later.

In early 1970s, G.L. Nichoson and S.J. Singer psedoMosaic model for
membranes in which it was suggested that protem®oa the surface as well as
on the lipid bilayer. Some proteins could span lthigl bilayer with their polar
groups in contact with the aqueous environment @th Bides and hydrophobic
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portions interacting with the lipids in the intariof the membrane. This model
has been extensively refined and is referred thuass mosaic model to indicate
the movement of both lipids and proteins in the rneme.
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The Fluid Mosaic Model of Biological Membrane Striare: Obtained from
Lehninger’s’s Principles of Biochemistry.

3.2 PROPERTIES OF BIOLOGICAL MEMBRANES

» Biological membranes have fluidity (both lipids apdotein more) and the
degree of fluidity is dependent on temperature a@odhposition of the
membrane. At low temperatures, the lipids are gelacrystalline state and as
the temperature increases, there is a phasetioansito liquid — crystalline
state.

» They posses specific recognition sites e.g receptor

* There is an asymmetric distribution of lipid compaots across biological
membranes. Each layer of the bilayer of lipids dasfferent composition with
respect to individual phosphoglycerides and pholgphls.

* There is an asymmetric distribution of lipid compaots across biological
membranes. Each layer of the bilayer of lipid hakfl@rent composition with
respect to individual phosphoglycerides and pholgphls.

* They contain electrically charged surface groupsclvisupport a different
electrical potential across membrane structure.

» Biological membranes allow diffusion of solute nml&es through them.
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FUNCTION OF MEMBRANES

Recognition of certain molecular signals.

They serve as components of nerve cells.

They control movement or translocation of molecufesand out of the
cell.

They serve as receptors for hormones.

SELF ASSESSMENT EXERCISES(SEA)
1.(a) What are the functions of membranes?
(b) Outline the properties of membrane

CONCLUSION
Biological membranes contain lipids, proteins aatbohydrates that confer some
physicochemical properties that defines its stmagtproperty and function.

SUMMARY
In this unit we learnt that:

Membranes are structures found in prokaryotic arkémeyotic organisms.
Proteins and lipids form major chemical compositadmembranes .

The structure of the biological membranes is bégicerived from lipid
bilayer and the fluid mosaic model of membrane cdtme is the most
thermodynamically stable.

Biological membranes have properties which includeidity asymmetry,
presence of recognition sites etc.

Biological membranes functions in transport of sedy conditions of
impulses and recognition of some molecules anyrsthe

TUTOR MARKED ASSIGNMENT (TMA)
1(a) Describe the lipid composition of membranes
(b) Describe the fluid mosaic model structurdiological membranes

2

Relate the function of membranes to its prijp
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INTRODUCTION

The association of nitrogenous bases and pentgsessgives a compound called
nucleoside which is a component of nucleotides fiemomeric units of nucleic

acids). Based on the type of nitrogenous basetantlpes of sugar it is liked to,
different types of nucleotides are formed each gvis own characteristic and

structure.

OBJECTIVES

The objectives of this unit include:

* To know what are nucleosides;

* To know the different components present in nuotEss
* To know the structure of different type of nucletzs;

DEFINITION OF NUCLEOSIDES

Nucleosides are organic compounds containing pensagars and nitrogenous
base linked together by-B-gylcosidic bond. The sugar can either be a ribose
sugar or a deoxyribose sugar while the nitroger@ses are: Adenine, Guanine,
Cytosine, Thymine or Uracil etc.

COMPONENTS OF NUCLEOSIDE.
The components of nucleosides are basically nitroge bases and pentose

sugars.

H H
C C N
Nf cp Nl/6 }C/ ™\
H|C 2 EHH ‘ @ 8/C|_|
HC 2 4
SN NS \ﬁ
Pyrimidine Purine

3.1.1 NITROGENOUS BASES AND THEIR STRUCTURES

The nitrogenous bases present in nucleosides #rer giurines or pyrimidines
and are given below. The purine bases containsptie ring (double ring
system) while the pyrimidine base contain pyrimé&diing (single ring structure).
The purine bases are:



Adenine denoted by A and has the structure:
NH,

|
N/C\C/N\\
|

| o
HC ~N
SNy TH

Guanine denoted by G and has the following strectur

O

AN
H N~ Sy~ N
Guanine

Source: Harper’'s Review of Biochemistry
The pyrimidine bases are cytosine, thymine andilurac
Cytosine denoted by C and has the following stmectu

M= U
b
H

Cytosine Source: Harper's Review of Biochemistry

Thymine denoted by T and has the structure below
O

A

HN’ D—GHEL
OA‘HN;
H

Thymine

Source: Harper’'s Review of Biochemistry
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Uracil, denoted by U and has the structure below:
o

A
HMN
OAHHﬂ

Uracil Source: Harper’s Review of Biemistry

In addition to the purine bases A and G other ualupurine bases do exist and
they include: hypoxathine, 1 methylguanine, 1 mistyyyoxanthine etc. Unusual
pyrimidine bases also exist and they are deriveth fthe cytosine, thymine and
uracil and they include: 5-methylcytosine, Thioulratc.

PENTOSE SUGARS AND THEIR STRUCTURES

The pentose (5 carbon) sugars of nucleoides aredtlggibose or (ribofuranose)
2’ deoxyribose (2’ deoxyribofuranose). The 2’ deolgse sugar is found in
deoxyribonucleic acid (DNA) while the ribose sugafound in ribonucleic acid

(RNA).
H
N

A H OH

HOCH,

o - D — Ribofuranose 2 ey -a - D- ribofuranose
(Ribose sugar) (Deoxyribose sugar stregtu
Source: Lehninger’s’s Principles of Biochemistry

LINKAGES BETWEEN PENTOSE SUGARS AND NITROGENOUS
BASES IN NUCLEOSIDES

In nucleosides, nitrogenous bases are joined tdopensugar through the
hemiacetal hydroxyl group on the C-1 (first carladom of the sugar). Generally,
the purines are attached to the sugar throughN#8e nitrogen atom while
pyrimidine are attached through tRel nitrogen atom.
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3.2 COMMON PURINE AND PYRIMIDINE NUCLEOSIDES AND THEIR

STRUCTURES
Purine Nucleosides

Adenosine

Pyrimidine Nucleosides

N’?"

,/J‘\1 j
O N-"'
O

HO,

OH OH
Cytidine

i
N
HN I \>
Jﬁ 2
N - N

HO.

o

OH OH

Guanesine  ggrce:
Harper’s Review of Biochemistry

O

’ CHs
I
N
HOCH,
|H H/| C-1
H
OH HO |,

Thymidine

Source: Harper’'s Review Biochemistry.
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NOMENCLATURE OF NUCLEOSIDES

Nucleosides are named based on the type of ribogar sattached to the
nitrogenous base and whether the base presehtinucleoside is a purine or
pyrimidine.

All purine nucleoside names end with a suffix ires) added to the name of the
purine base irrespective of whether it contain®g# or deoxyribose sugar.
Examples include: Adenosine, guanosine, deoxynaiea@nd deoxyguanosine.
If the purine nucleoside contains a deoxyriboseastigen the prefix (-deoxy) is
added to the name of its ribonucleoide counterpeaimple deoxyadenosine and
deoxyguanosine are deoxyribonucleosides of ademosamd guanosine
respectively.

For the naming of pyrimidine ribonucleoside thefiguf-idine) is added to the
name of the base in the nucleoside. Example tloauitleoside of uracil is named
uridine, the (-acil) of uracil is replaced by (nié). Cytosine ribonucleoside is
named Cytidine while that of Thymine is Thymidin®n the other hand
pyrimidine deoxyribonucleoside are named by addingrefix 2’ deoxy to the
name of its pyrimidine ribonucleosides countergag. 2’ deoxythymididine, 2’
deoxycytidine, 2’'deoxyadenosine, 2'deoxyguanosim 2ldeoxyuridrine.

SELF ASSESSMENT EXERCISES.
1.(a) Draw the structure of purine and pyrimidimegr
(b) Draw the structure of two named purine aydnpidine
nucleosides.

CONCLUSION
Nucleosides are components of nucleotides whichtagoneither purine or
pyrimidine base. They also contain ribose or deimoge sugar.

SUMMARY

In this unit we have learnt that:

* Nucleoside is a compound containing pentose sughn#érogenous bases
joined together vi§ —N- glycosidic linkage;

* The nitrogenous bases found in nucleosides are iAderGuanine,
Cytosine, Uracil and Thymine.

* The purine bases are Adenine and Guanine whileniine bases are
Cytosine, Thymine and Uracil.

» Deoxyribonucleosides are named by adding the pr&fideoxy to the
name of their ribonucleoside counterparts.

6.0 TUTOR MARKED ASSIGNMENT (TMA).
1(a) Define nucleosides.
(b) Using the structure of a ribonucleoside, illustrtte type of linkage in
nucleosides.
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2(a) Draw the structures of a ribose and a 2'ddbrge sugar.
(b) How do you name purine and pyrimidine deoxyriboeasldes?

7.0 REFERENCES AND FURTHER READING.
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Kogakusha.
Devlin, T. (1986). Textbook of Biochemistmth Clinical
Correlations.{®2Edition) John Wiley and sons New York
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1.0 INTRODUCTION

The monomeric units of nucleic acids (RNA & DNA)eanucleotides. These
nucleotides are of different types and structuidsey are also of physiological
significance in cells and tissues where they atmdo On partial hydrolysis of
nucleic acids, nucleotides can be obtained. Thectstre of every protein, every
biomolecule and cellular component is a produdhffrmation programmed into
nucleotide sequences in form of genes. In this watare going to study the
chemistry and roles of nucleotides.

2.0 OBJECTIVES:
The objectives of this unit include:
» To teach you what a nucleotide is and its compaent
» To teach you the structures of different nucleotigees;
* To teach you the roles and functions of nucleotides

3.0 DEFINITION
Nucleotides are phosphoric acid esters of nuclessi@hey contain nitrogenous
bases and sugars which are esterified to a phdsplamid residue. The
esterification could be either at positions (2,r®pin ribose and (3 or 5) in the
deoxyribose where the ester bonds could be fortmedddition, the nucleotides
could be in form of mono,di and triphosphates.

3.1 COMPONENTS OF NUCLEOTIDES
As mentioned earlier, nucleotides contain nitrogendbases, sugars and
phosphoric acids in ester linkage. Like nucleosides nitrogenous base, present
in nucleotides are purines: Adenine and Guanineyrinpdines: Cytosine,
Thymine and Uracil. The uracil can only be found ribonucleotides while
thymine base can only be found in deoxyribonuctkssti The sugar in nucleotides
is the pentose sugar which could be ribose andyidmse.

3.2 NOMENCLATURE OF NUCLEOTIDES
Nucleotides are strong acids and therefore aredalllenylic acid, guanylic acid,
thymidylic acid, cytidylic and undylic acids. Allhé above mentioneds
nucleotides are monophosphate derivatives of toenesponding nucleotides and
ribonucleotides as given in the table below.

Adenylic acid (Adenylate) Adenosine 5’monoppbate
Guanylic acid (Guanylate) Guanosine 5’ monpinate
Thymidylic acid (Thymidylate) Thymidine 5’mophosphate
Cytidylic acid (Cytidylate) Cytidine 5’'monopphate
Uridylic acid  (Uridylate) Uridine 5’monopkphate

In all the examples given above, the phosphatepgr@ue on position 5 of the
sugar. However, the product of enzymatic or allalydrolysis of RNA yields

2', 3’ or 3,5 monophosphates.

When the phosphate is on position 2, the nucleaichamed ribo nucleoside 2’
monophosphate e.g. adenosine 2° monophosphate. \Wigeiphosphate is on
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position 3, the nucleoside is called ribo nuclees’i the monophosphate. The
ribonucleoside could be a cyclic monophosphate &/leersingle phosphate is
attached on carbon atoms or position 2’and 3’ atdame time e.g Adenosine
2'3’ cyclic monophosphate (CAMP).

When more than one phosphate is bonded to a niddees). 2 or 3, the terms di
and triphosphates are used respectively e.g. Adenakphosphate (ADP) and
Adenosine triphosphate (ATP).

3.3 STRUCTURES OF SOME COMMON NUCLEOTIDES

OH H OH H OH H
Nucleotide: Deoxyadenylate Deoxyguanylate Deoxythymidylate Deoxycytidylate
(deoxyadenosine (deoxyguanosine (deoxythymidine (deoxycytidine
5'-monophosphate) 5'-monophosphate) 5'-monophosphate) 5'-monophosphate)
Symbols: A, dA, dAMP G, dG, dGMP T, dT. dTMP C, dC. dCMP

Nucleoside Deoyadenosine Deoxyguanosine Deoxythymidine Deoxycytidine

(a) Deoxyribonucleotides

0 0
P 0
HEN’L"N b i
o-
"O—llll’—O—CHa
O
OH ©OH OH OH OH OH
Nucleotide: Adenylate (adenosine Guanylate (guanosine Uridylate {uridine Cytidylate {cyvtidine
5-monophosphate) 5'-monophosphate) 5'-monophosphate) 5'-monophosphate)
Symbols: A, AMP G, CMF LU, UMFP C, CMF

Nucleoside Adenosine Guanosine Uridine Cytidine

(b) Ribonucleotides

The structures of Nucleotides in above were obtairieom Lehninger’s’s Principles of
Biochemistry.
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3.4  DERIVATIVES OF NUCLEOTIDES
Nucleotide derivatives are compound that have #teictures derived from some
nucleotide structures. They contain nucleotide camepts and therefore
nucleotide share close structural features. Diffetgpes of nucleotide derivatives
do exist examples include: Nicotinamide Adenine udiaotide (NAD),
Nicotinamide Adenine dinucleotide phosphate (NADH)avine adenine
dinucleotide (FAD) among others.

3.5 IMPORTANCE/ROLE OF NUCLEOTIDES/NUCLEOTIDE
DERIVATIVES

* Nucleotides play significant roles in cellular mstdsm e.g. ATP which serves as
energy currency of living cells. The energy usedcbils is derived from theis
nucleotide molecule.

* Nucleotides also serve as coenzymes for importaryree catalyzed reactions
NAD and FAD are two coenzymes that are involvedoxidation-reduction
reaction in living cells. Reactions of the Krebsigle involves these coenzymes.

* Nucleotide have also been found to play role inatnelic regulation. A derivative
of AMP, cyclic AMP (cAMP) is directly involved irhis process.

* Nucleotides also serve as source of electron9 (A reductive biosynthetic
pathways e.g. synthesis of cholesterol, NARRHery relevant in this process.

3.6 SELF ASSESSMENT EXAMINATION(SAE).
1(a). Draw the structures of two named ribonuctkssti
(b). Draw the structures of Adenosindtagphate and Guanosine
diphosphate .

4.0 CONCLUSION
Nucleotides are organic compounds that are monomarits of nucleic acids,
they are of different types and structures and heagety of physiological
functions.

50 SUMMARY
* Nucleotides are phosphate esters of nucleotides.
* Nucleotides differ based on their nitrogenous baeenposition and
pentose sugar.
* Nucleotides could be mono, dio or triphosphates.
* They have variety of roles they play in celluladanetabolic processes.

6.0 TUTOR MARKED ASSIGNMENT (TMA)
1(a) Describe the chemistry of a named nucleotide.
(b) How are nucleotides named?
2(a) Distinguish between nucleosides and nuclestide
(c) What are the role(s) of nucleotides in cellular ametabolic processes?
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1.0 INTRODUCTION

2.0

3.0

3.1

The Chemistry of nucleic acids is basically abouhat nucleic acids are, the
chemical groups that constitute them, the linkaigethem and other chemical
characteristics including their nomenclature argrtbtructures. In this unit, you
will study the basics about nucleic acids .

OBJECTIVES

By the end of this unit, you should be able to:
Define nucleic acids;
Know the basic constituents of nucleic acids;
Draw each chemical constituent and label varioomat
* Name nucleic acids.

DEFINITION OF NUCLEIC ACIDS.

Nucleic acids are macromolecules that are founithéncells and are responsible
for storage and transmission of genetic informat@nemically, nucleic acids are
polymers of nucleotides joined together by phospsidr linkages (bonds).
Nucleic acids are divided into two; Ribonucleic a¢RNA) which is single
stranded containing Adenine (A), Uracil (U), Cytwsi(C) and Guanine (G)
ribonucleotides and deoxyribonucleic acid whichd@ible stranded containing
Adenine, Thymine (T), Cytosine and Guanine deoxymikcleotides.

CHARACTERISTICS OF NUCLEIC ACIDS.

» Linkage: The components of nucleic acids are nucleotidesegbiby
phosphodiester linkage to one another.

» Component: Based on the type of sugar in nucleic acids, eic@cids
can either be deoxyribonucleic acids in which cakey contain
dexyribose sugar or ribonucleic acids when tigasis a ribose one.

* Denaturation: Double stranded DNA or RNA can be denatured. DHBIA i
highly viscous at pH 7.0 and room temperature’?¢25 When such
solution is subjected to extreme pH or temperatbeve 86C, its
viscosity decreases sharply indicating that DNA badergone physical
change. The denaturation of the doubles helical Dé&Néalled melting of
the double helical DNA as is associated with therugition of hydrogen
bonds between the paired bases in the DNA. Whepédsature is used to
denature DNA, the temperature midpoint in the diteon is called
melting temperature t ) Renaturation of the DNA is a rapid one-step
process which occurs when the temperature andsptdturned to the
range in which the DNA is stable.

UV Absorption: The conjugated system of purines and pyrimidines
resulted in marked absorption in the ultravioléiV] region of the light
spectrum with Absorption maxima near 260nm. Sinoetgins have a
much weaker absorption in this region, the spectpuoperties of nucleic
acids have been useful in locating and estimatiege substances in cells
and tissues.
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When a double stranded DNA is altered or denathyechange in temperature or
pH, the close interaction between stacked bast#®inucleic acid is also affected
because there is a decrease in the hydrogen bokdemng both strands of the
DNA together. This process is associated with akethincrease in absorption
near the 260nm region, this phenomenon is callgagedthromic effect. The

denatured form of DNA can therefore be detectedhbyitoring the absorption of

UV light. Deoxyribonucleic Acids (DNA), when isokd, may be circular or

linear, i.e. contain two ends. However, DNA existsa highly condensed form

within the chromosome. While the length of DNA ihet largest human

chromosome may be 8cm, it is condensed in a mitbtiomosome whose length
is only 5 nm. In prokaryotes (bacteria or blue-gredgae) the DNA is not

associated with significant amount of protein while eukaryotes, DNA is

found in cytoplasmic organelles e.g. chloroplast$ochondria and chromosomes
of the nucleic.

Nuclear DNA of plant and animal cell is associateth basic proteins, the
histones, which are noncovalently bound to the OdyAonic linkages. A DNA-
histone complex is called chromatin.RibonucleidafiRNA) however are not
associated with these proteins (histones).

» Size of Nucleic Acids:DNA and RNA molecules are long and un-
branched. RNA molecules however have the capacftyfooming
secondary and tetiary structures which will be uksed in the next unit.
Their size can be stated in three types of uniigle, number of base pairs
and mass) thus 1nm
(10%cm) of DNA contains 3,000 bases. The length of DNalecules
containing 300 to 300,000 base pairs can be measlinectly by electron
microscope. DNA was originally thought to be nogenthan (5x10cm)
until it was discovered that it is very sensitive ltydrodynamic shear.
When care it taken to avoid shear, considerablgdoNA molecules
can be isolated. Sizes of DNA can be resolved usiotgcular-seiving
effect of porous agarose gels and by sedimentatiarcentrifugal field.

3.2  TYPES OF NUCLEIC ACIDS.

There are three different forms/types of DNA: Thefohkm, B form and the Z
form. The B form also known as B-DNA is the mostide¢. The structure of each
form will be discussed in the next unit.There ama&or types of RNA, namely (
MRNA) messenger RNA, (tRNA) transfer RNA and rRNRilfosomal RNA)
although more recently other RNA molecules do exist

3.2.1 Messenger RNA (mRNA):This constitute of about 5-10% of total RNA
in cell. Usually single stranded and their basauisaqe is usually complementary
with that of DNA. mRNA is intimately involved indnscription and translation of
information coded by DNA for protein synthesis.
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Ribosomal RNA (rRNA):- These are found associated with large number of
proteins in an ordered complex. Ribosomal RNA haglecal structure resulting
from the folding back of a single stranded polymienf may exist in several
conformation ribosomal RNA constitute about 74-88Ptotal RNA in a cell.
Transfer RNA (tRNA). The tRNA comprises about 15% of the total cellular
DNA. They are relatively small nucleic acids andga in length from 65-110
nucleotides the pairing of the bases in the DNAxhel

SELF ASSESSMENT EXERCISES(SAE)
1. (a) Describe the size of a DNA molecule.
(b) Explain the term DNA denaturation.

CONCLUSION

Conclusively, you have learnt what nucleic acids.arou have also learnt about
its chemical composition and its types, DNA and RNAoperties/characteristics
of the nucleic acid types have also been studied.

SUMMARY

In this unit we have learnt that:

Nucleic acids are polymers of nucleotides.

There are two types of nucleic acids, DNA and RN/e DNA is further
subdivided into three (3) forms namely: A form,d@rh and Z form.

DNA can be denatured and renatured .

DNA is highly condensed in the chromosome and iite €an be determined
under centrifugal field.

RNA has a primary,secondary and tertiary structures

TUTOR MARKED ASSIGNMENT
1. (a) Define the term nucleic acids.

(b) Give three (3) Different properties of teic acids.
2. (a) How many types of RNA do you know?

(b) Chemically describe any named one.
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INTRODUCTION

Nucleic acids comprising of both RNA and DNA as timmed earlier have
peculiar structures which are different from onether. The structure of nucleic
acids are basically derived from the respective leutitles for RNA,
deoxyribonucleotides for DNA and the phosphate awidecule embedded in the
structure of the various types of nucleic acids tued properties.

OBJECTIVES
By the end of this unit, you should be able to:
» Describe the structure of nucleic acids;
» Draw the structure of DNA;
» Describe the structure of RNA,;
» Explain the structure and properties of differgmies of RNA.

STRUCTURE OF DNA

The structure of DNA was worked out by bringing @étger a number of
observations from various sources. The followingg aome of the key
observations.

» That DNA from different sources have remarkableilgirty in their X-
ray diffraction patterns; suggesting that DNA maoles have uniform
molecular pattern and consists polynucleotide chaimanged in helical
structure.

* That the ratio of the bases (A: T and C: G) is velgse to one. The
importance of this observation in working out treisture of DNA is that
it suggests the pairing of bases in the DNA hdtixvas then shown that
A and T can be paired with a maximum of two hydrogends between
them while C and G will have a maximum of threedsn

» The third observation was that of titration dataicihsuggested that the
long polynucleotide chains were held together tghowonds between
these residues.

Using these observations, Watson and Crick cortstlu@ model of DNA
structures in 1953.

The Watson - Crick Model consist of 2-deoxyriboratides joined together by
phosphate diesters with the bases projecting pdipdarly from the chains into
the central axis. For each adenine projecting idgjathere is a corresponding
thymine from the other chain and for each cytosihere is a guanine. Thus A-T
and C-G are held together by two and 3 hydrogeni®oaspectively.

The two chains are however not identical becausmsé pairings. The chains do
not run in the same direction with respect to lggkaetween the nucleotides,
rather they are antiparallel.
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Structure of DNA obtained fronLehninger’s’s Principles of Biochemistry

3.1 DIFFERENT FORMS OF DNA
Structurally, there are 3 different forms of D: the A form, B and Z foris.

3.1.1 ADNA
The A form of DNA is favoured a right handed helix with a diame:
ap&oximately 24. It has 1lbase pairs per helical turns and rise per baseg
2.

The A form of DNA obtained fronLehninger’s’s Principlesof Biochemistry
3.1.2 BDNA
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The B DNA is also refered to as the Watson-CrickAD$tructure. The DNA is
arranged as a left handed helix with approximageneiers of 2. The base pairs
per helical turns are 10.5 and base turns riselof B.4A.

B form of DNA was obtained from

Lehninger’s’s principles of
Biochemistry

B form

3.1.3 Z-DNA
The Z-DNA is a more radical departure from B-DNAthvieft handed helical
rotation. There are 12 base pairs per helical tamnd, its structures appears to be
more slender and elongated.

The Z form of DNA was obtained from
Lehninger’s’s principles of Biochemistry.

Z form
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STRUCTURE OF RNA

Primary structure

The RNA molecule is usually an unbramchéenear polymer containing

nucleotides as its monomers which are usually pime phosphodiester linkage.

Modification of the bases of RNA occussially after polymerization and adds to
some structural features of the RNA moleautp the 5’ terminus 7 methyl
cap in eukaryotic mMRNA which you  will come ass later.

The linkage of the ribonucleotides in RNA is 3'3igsphodiester link involving

3’-OH group of ribose and 5’-phosphate group ofthap ribonucleotide. This

linkage forms the backbone from which the chaires ettended. The length of
RNA molecule in eukaryotes is from 65 nucleotide8§®00 nucleotides.

Secondary structure

RNA in solution exhibits greater varieties of stwres. In low ionic strength

solutions, the molecules appear as extended potyelgte chains while in high

ionic strength solutions they contract .

A single strand of RNA may have double helical oegi formed by hydrogen

bonding between complimentary base sequences withiRNA molecule. These
double helical regions may or may not have largpaured loops at the end as
demonstrated in tRNA.

Tertiary structure

RNA in solution are dynamic molecules in solutidrhey undergo changes in
conformation during synthesis, processing and fanctg. The association of
RNA with proteins enables the RNA molecule to babkt and also fold into

specific conformations e.g. the “L shaped” confatioraof the tRNA. The arms

and the loops of tRNA are folded in specific confations held in position not
only by the base pairing interactions but also oth&eractions. This folding that
occurs in the tRNA molecule apparently occurs dpita functioning eg. during

transcription

STRUCTURE OF DIFFERENT TYPES OF RNA

Although different types of RNA do exist, this dgeat of the unit is going to
describe the structures of the 3 major types of Ridgfnely: mRNA, tRNA and
rRNA.
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MESSENGER RNA (mMRNA)

Messenger RNA (mRNA) especially the eukaryotic mRINAS some unique
structures not found in rRNA or tRNA. Structuraliyhe 5’terminus mRNA is
“capped” i.e its 5 end being covered with a medigtl base especially
(Guanosine 5’ triphosphate)

The methylation is on the 2’-hydroxyl group of thieose sugar. The capping is
followed by a non translated or “leader” sequer@dlowing the leader sequence
is an initiation codon or sequence, most often AUThe coding region follows
the non-translated region of the mRNA molecule.th¢ end of the coding
sequence, a termination sequence is found. A seoondtranslated sequence
follows, which is terminated by a series of adengcids called poly A tail which
makes up 3’ terminus of the mMRNA molecule.

TRANSFER rRNA (tRNA)

Transfer RNAs range in length from 65-110 nuclesgidvhich corresponds to
molecular weight of 22, 000-37500 Daltons. The segitation coefficient for
tRNAs as a group is 4S. The letter, S (Svedberd)Sns often used to designate
the unit of tRNA. Structurally, tRNAs contain higbroportion of modified
nucleotides and bases involved in secondary coroom helices and tertiary
folding that makes them to conform to the generalirBensional “cloverleaf”
structure or three dimensional ‘L-form” as deteredrby x-ray crystallography.
The tRNA is a single stranded 5 to 3’ nucleotideeteh folded into a
conformation with different loops as a result afamolecular hydrogen bonding
of base pairs within the molecule. The various ®ape: the D-loop, anticodon
loop, variable loop or arm,yfC loop and the acceptor system, each having its
own function.

STRUCTURE OF RIBOSOMAL RNA(rRNA).

Structurally the rRNA has a helical structure réaglfrom the
folding back of single stranded polymat tmay exist in several
conformations.

3.3 SELF ASSESSMENT EXERCISES(SMA).

4.0

1(a) Briefly distinguish between the primarycaedary and tertiary

structures of RNA.
(b). Write short notes on the different foraiDNA.

CONCLUSION

In conclusion, it is now clear that nucleic aciddA and RNA have their

respective structures which are basically derivechfits components. The forms
of DNA namely: A form, B form and Z form each has bwn independent
structure. In addition, each of the type of RNAN#R mRNA and rRNA have

structures differing from one another derived fritv@ir components.
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50 SUMMARY
* In this unit we have learnt that:
* DNA has a structure different from RNA
» Structurally there are 3 forms of DNA.
» Structures of MRNA, rRNA and rRNA have been desdib
* RNA have primary, secondary and tertiary leveldtrtal organization.

6.0 TUTOR MARKED ASSIGNMENT (TMA)
1(a) Describe the structure of DNA
(b)  Write short notes on the following:

i) MRNA structure
i) tRNA structure
2 Discuss the structural hierarchy of RNA.
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MODULE 3: NUCLEIC ACIDS
UNIT 5: ROLES OF DNA AND RNA
1.0 Introduction.
2.0 Objectives.
3.0 Differences between Deoxyribonucleic Acid (DNA) aribonucleic Acid (RNA)
3.0.1 Structural and Chemical Difeces between DNA and RNA.
3.0.2 Similarities between DNA dRNA.
3.1 Functions / roles of DNA
3.2 Function / Roles of RNA.
3.3 Self Assessment Exercises.
4.0 Conclusion.
5.0 Summary.
6.0  Tutor Marked Assignment (TMA).
7.0 References and Further Reading.
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INTRODUCTION

Like any other macromolecule found in living sysgemucleic acid have their
roles and functions anywhere they are found. A$iden the fact that nucleic
acids differ from one another structurally and cluathy, they also have different
functions and roles which is very much reflectedhair chemistry. In this unit
you will study the roles of nucleic acids and tliffedences between them.

OBJECTIVES
The objectives of this unit is to teach you;

Differences between DNA and RNA;
Similarities between DNA and RNA;

The functions/roles of DNA,;

The function/roles of RNA,;

The function/roles of the different types of RNA.

DIFFERENT BETWEEN DNA AND RNA

Although both deoxyribonucleic acid (DNA) and rihmfeic acid (RNA) are
nucleic acids, they however have some differend¢esnecally and structurally
which will now be described.

3.0.1 CHEMICAL AND STRUCTURAL DIFFERENCES BETWEEN DNA

AND RNA
DNA NR

Contains deoxyribose sugar Contains ribose sugar

Contains the bases: Adenine, Thymip€ontains the bases: Adenine, Guanine,

Cytosine and Guanine. Cytosine and Uracil. RNA does not contain
Thymine.

Can only be hydrolysed byCan only be hydrolysed by ribonucleases

deoxyribonucleases (DNAses). (RNAses).

DNA is synthesized in 5’-3’ direction. RNA is symet$ized in 3'-5’ direction.

DNA is synthesized by DNA polymeras&NA is synthesized by RNA polymerase

enzyme. enzyme.

DNA is double stranded. RNA is single stranded.
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3.0.2 SIMILARITIES BETWEEN DNA AND RNA

3.1

3.2

3.4

DNA and RNA contain three major components: nuaeo nitrogenous base
and phosphoric acid.

DNA and RNA both contains Adenine, Guanine and €iyi® nitrogenous
bases.

Both DNA and RNA carry genetic information.

DNA and RNA are both polymers of nucleotides

Both DNA and RNA can be found in the cell.

FUNCTION AND ROLES OF DNA.

Having discovered that DNA is a genetic materigls lworthwhile emphasizing
that the main role of the DNA is storage and trassion of genetic information
from parents to offsprings or from one generatiom@mmother. DNA is capable of
undergoing replication (synthesis of another coppiA) and being transcribed
into RNA (transcription). These two processes ermlthe genetic information
encoded in the DNA found in the nucleus to be fiamnsed into a functional
biological material e.g protein in the cytoplasm.

FUNCTION AND ROLES OF RNA

RNA, like DNA has shown to be a general constituehtprokaryotic and
eukaryotic cells. Although RNA molecules are notstgable as DNA, they also
serve as genetic information carrier in some olgasie.g some viruses where
RNA is their genetic material.

The main functions of tRNA include:

Transportation of specific amino acids to the rdoos’s (site for protein
synthesis) decoding the genetic information inrtfessenger RNA in terms of the
proper amino acid to be inserted in the sequenceprotein/polypeptide
synthesised. Each tRNA carries one amino acid &wdpossess an anticodon by
which it recognizes the message on the mRNA temmlating protein synthesis.
Transfer RNAs have two primary active sites, thiey@8roxyl terminus to which
specific aminoacid are attached covalently andatitecodon triplet.

Ribosomal RNAs (rRNA) serve as a structural framefor the ribosomes. The
hinging mechanism between the two ribosomal subemtible translocation and
MRNA movement.

Messenger RNA (mRNA) are direct carriers of genatiormation from the
nucleus to the cytoplasmic ribosomes. Each eukaryotRNA contain
information for only one polypeptide and is therefanonocistronic whereas
prokaryotic mMRNA can contain information for moteh one polypeptide chain
and therefore designated polycistronic.

SELF ASSESSMENT EXERCISES(SMA)
1.(a) Define the terms polycistronic and monocisizo
(b) Outline the similarities between DNA and RNA
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CONCLUSION

Conclusively, there are different types of nucleids, each having its own
characteristic function. These nucleic acids diféructurally and chemically
although they do have some similarities.

SUMMARY

In this unit we have learnt that:

DNA and RNA have differences and similarities

DNA serves in storage and transmission of genetiterial from one generation
to another or from parents to offsprings.

Messenger RNA carries genetic information from auslto the cytoplasm.
Transfer RNA carries amino acids to the site otgirosynthesis.

Ribosomal rRNA serves as the structural framewértk® ribosome.

TUTOR MARKED ASSIGNMENT (TMA)
Compare and contrast DNA and RNA.
Describe the functions of the following.

@ MRNA
(b) tRNA
(c) rRNA.
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