The Structure and Function
of Large Biological Molecules
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KEY CONCEPTS

3.1 Macromolecules are polymers,
built from monomers

5.2 Carbohydrates serve as fuel
and building material

5.2 Lipids are a diverse group of
hydrophobic molecules

5.4 Proteins include a diversity of
structures, resulfing in a wide
range of functions

Mucleic acids store, transmit,
and help express hereditary
information




* There are four main classes of large biological molecules:
s sl gl LSyl (e gl il 4 il

HwnNne

Carbohydrates & aa s S

Lipids il
Proteins i g p
Nucleic Acids A 558 abaal

» Large carbohydrates, proteins and nucleic acids are polymers. Lipids don’t
classify as polymers.

sl il 555 Y Laiay ol yaid gy 550 (pmlant 5 gl el ym 5 Sl i

* A polymeris along molecule consisting of many similar or identical building
blocks linked by covalent bonds.

Al g L Lo o5 (a0 Al 450l o g1 m 303l (a0 555 s os 5 1 il

* Monomers: small molecules, the repeating units that serve as the building
blocks of a polymer.

e gl Lgia aial Sl A0 Bas ol Jiad 8 phaa Glas g & 1) jagigall m

* A polymer consists of similar or identical monomers.

AnUaiadl Gl el gall (0 de gane (e el gl S5 w

* |n addition to forming polymers, some monomers have functions of their

own.

» Although each class of polymer is made up of a different type of monomer,
the chemical mechanisms by which cells make and break down polymers

are basically the same in all cases.
LYY ¢ agisall e Cilida ¢ 55 e 0S8 S pad sl (e 438 IS Gl e pe ) e
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* |n cells, these processes are facilitated by enzymes.
ey 1Y) Bacbisay Sillaall oda o35 ¢ LAY 3w

» Enzymes are specialized macromolecules that speed up chemical

reactions.
Al Sl ay o Ao Jand daadic 3 S Gl ja oo 8 ke Sla i) m

» Polymerization of a polymer occurs by a dehydration reaction.
.dehydration reaction (e Jelé 31 yh e Gany (3aldl) ) pd gll oS w

Dehydration reaction: a reaction in which two molecules are covalently

bonded to each other with the loss of a water molecule.

» A water molecule (H20) consists of a hydroxyl group (OH) and a hydrogen
(H).

O a8 )0 9 JuS gyl de gana e slall g oS m

* When a bond forms between two monomers, each monomer contributes
part of the water molecule that is released during the reaction: One
monomer provides a hydroxyl group (-OH), while the other provides a
hydrogen (-H).

Oe U el ois 5 e o il jaise JS ((a aise (O Asaalid dday) ) (p oSS i m
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* This reaction is repeated as monomers are added to the chain one by one,
making a polymer.
el sl (6 Laa ¢ (5 HAY) sl sanl g ALl 1) G je i sall ALl e Jeliill aa ) S5 w

HO—‘]’—‘%,—( 5'—0 @ )—H

Short polymer Unlinked monomer

Dehydration removes a water
molecule, forming a new bond. @
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* Polymers are disassembled to monomers by hydrolysis.
hydrolysis J 4lee Gl oo @l jaige () e sl S8 w

» Hydrolysis: a process that is essentially the reverse of the dehydration

reaction. It means water breakage.
.dehydration reaction Jide Se A Jlall Jlaill ddee =

* The bond between monomers is broken by the addition of a water
molecule, with a hydrogen from water attaching to one monomer and the
hydroxyl group attaching to the other.

b i g el ot Eums el e Aila) ok e @l i pall G Adayl Il S g1y
—— sy DAY el gally JuS 5 paedl Ao sanse Jadi 5 <l el sall
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How many water HO_Q Q Q [ i ’ H — -
I molecules are I

. How many water

I released during the I @ lecul

polymerization of Hydrolysis adds a water I molecules are

molecule, breaking a bond. needed to

I 10 monomers? I breakdown a

I n-1=9H,0. I polymer made of
15 monomers?

| | Ho H
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= An example of hydrolysis within our bodies is the process of digestion.
agd) ddee Ll 4 Sl dlaill ddee o 3Bl e ®

= The bulk of the organic material in our food is in the form of polymers that
are much too large to enter our cells. Within the digestive tract, various
enzymes attack the polymers, speeding up hydrolysis.
i ¥ Ll G laa S @l el 5 JSE e aledall 850 sa gl Ay gucandl 30ldd) ana o) m
Tanlga o dent Sl ilag 5V (0 e pama canngdl Sleal) b aal s Gl (DA i
et sl et (i dee g L 5 L 5l il el ol 020
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= Released monomers are then absorbed into the bloodstream for

distribution to all body cells. Those cells can then use dehydration reactions
to assemble the monomers into new, different polymers that can perform
specific functions required by the cell.

G ¢ anall LA ) Lery 5 55 il 4 gl 5 5al) () AUl O e g5 sal) (alicial alay
Al e cattlh g 0ld 3aaa Q‘JA_A}QMQ\JAJ&)A\ LOAT) 528 ERENr]

= Dehydration reactions and hydrolysis can also be involved in the formation
and breakdown of molecules that are not polymers, such as some lipids.
Sl Sl el aaa g ol A& Hydrolysis JI s Dehydration reaction Jl <lilee aalis =
Slanlll Jia () jead ) S caial Y

= Although cells contain thousands of polymers, the number of monomers used
to make them is limited.
lgmsinail a0dind ) @l pa g sall ae o Y1l jad sl CGNT e 5 5iad UDIAD () (e a2 I
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* For examples, proteins are polymers composed of monomers called amino
acids. Although there are only 20 amino acids, they’re used to synthesize
thousands of proteins.

O e ae i ¢ Axina¥) ralealN) s ) ya 53 50 (0 il ol el 53 A5 ¢ Cligi gl elld Qi m
i 5l e YY) ariail 20aid Ll V) Gaes o e halh (aleal) oda xe

* Diversity of polymers is generally due to
sele JS4 &l e sl g 58 jalias
1. Number of monomers &) i gall 2ac,
2. Type of monomers <&l i gall ¢ 63,
3. Order or monomers <l jai sall a5
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= Carbohydrates are sugars and polymers of sugars.
b Sl Gl el ga g 0l Sl Gl jaaa g S il W

= The simplest carbohydrates are the monosaccharides.
Agalal) il Sl s <l jaa g Sl ) gl Jal

= Types of carbohydrates S g Sl g il
1. Monosaccharides: the monomers from which more complex carbohydrates
are built.

Jaas YIS el Lie a1 Gy gl el il jSd)
2. Disaccharide: double sugars, consisting of two monosaccharides joined by a
covalent bond.
Apaalod oyl Laiy Iy 55 cpmalad o S AU il Sl
3. Polysaccharides (Polymer): composed of many sugar building

blocks(monosaccharides).
Anealud ddayl ) Lagin day 53 dalalY) by ,Sadl cpe el (he () oS 7 Baamall il K<)

» Monosaccharides generally have molecular formulas that are some multiple

of the unit (CH20)n.
(CH20)n 4ala¥) il Sl Adlal) 4ld) Lpall
*» Monosaccharides have a carbonyl group >(I=() multiple hydroxyl
groups —QOH
eS 5 Gle sane (o dall g Jiiso S e sene (e el Gl Sl S
" Glucose (C6H1206), the most common monosaccharide, is of central

importance in the chemistry of life.
(8 Lo 150 el 3 Apala¥) il Sl el (e CEH1206 dapall 5 S slal) S ity m
slall

* Most names for sugars end in -ose.

6|Page




= Depending on the location of the carbonyl group, a sugar is either an aldose
(aldehyde sugar) or a ketose (ketone sugar).

(S S sl salaall JSu 5% o Ll Sl (ld Ji s S0 e sana qisa e Talaic)

» Classification of monosaccharides Al @l Sl Gyl
1. Location of the carbonyl group JHig 8 de gana adsa

= |f the carbonyl group is at the end of the carbon skeleton, it’s an aldose.
ealaall Sl o Sl iy 4y 5 Sl ALl AT e Jig Sl e gane Canlig 13w
v’ For example: Glucose, Galactose, Ribose, Glyceraldehyde.

= |f the carbonyl group is within the carbon skeleton, it’s a ketose.
(S Sl Lo HSll Ciinay @bl e i o )SI e gane il 1Y)
v’ For example: Fructose, Ribulose, Dihydroxyacetone.

H\“c/’o H—CT—DH
H—(|:—UH fl:=0
HU—{|:—H HO —(r:—H
HU—[|:—H H—C|—'DH
H—{|Z—DH H—C—OH
H—'[|:—C|'H H—(|:—DH
a !
2. The size of the carbon skeleton QS Audus paa

= The size of the carbon skeleton ranges from three to seven carbons.
s 87 (N 3 e dpip S ALld) pas ) 5y

= Smallest monosaccharide 2 composed of 3 carbons.
= Jargest monosaccharide = composed of 7 carbons.
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v' Triose (three-carbon sugars): Glyceraidehyde — Dihydroxyacetone.

8|Page

Aldoses (Aldehyde Sugars)
Carbonyl group at end of
carbon skeleton

Ketoses (Ketone Sugars)
Carbonyl group within
carbon skeleton

Trioses: three-carbon sugars (C3HgO5)

H’

—Cl—OH

—CI—DH
H

Glyceraldehyde
An initial breakdown
product of glucose

Dihydroxyacetone
An initial breakdown
product of glucose

v’ Pentose (five-carbon sugars): Ribose - Ribulose.

Aldoses (Aldehyde Sugars)
Carbonyl group at end of
carbon skeleton

Ketoses (Ketone Sugars)
Carbonyl group within
carbon skeleton

Pentoses: flve-carbon sugars (C;H,,0g)

H

Ribose
A component of RNA

H
H—é—OH
H—EH
H—(I"—OH
H—Cl—OH

)
Ribulose

An intermediate
in photosynthesis

v’ Hexose (six-carbon sugars): Glucose — Galactose — Fructose.

Aldoses (Aldehyde Sugars)
Carbonyl group at end of
carbon skeleton

Ketoses (Ketone Sugars)
Carbonyl group within
carbon skeleton

Hexoses: six-carbon sugars (CgH,,04)

b 4

H C OH H C OH
HO —C—H HO —C—H
—C—O0OH H—C—0OH
—(lf—OH H—(IT—OH

Ill Ill
Glucose Galactose

Energy sources for organisms

H

H —rl_—OH

HO —t”

H— Ll —OH

H —(l‘.—OH

H —(l‘.—OH
.L

Fructose
An energy source for arganisms




= To determine the molecular formula for any monosaccharide we use this
general formula (CH,0)n ; where n: is the number of carbons.
Jidin ol dusy (CH20)N Awelall ipall andind ol S (oY Ll Aapall 46 ool w
sl Sl 4 Sl i gy S axe
= For example, if a monosaccharide is composed of 3 carbons what’s the
molecular formula?

2 Answer: (CH20)*3 = C (1#3) H (2#3) O (1#3) = C3H6Os.
3. Arrangement around the asymmetric carbon Alilaiall & & g3 <3 Jga i 5l

= another source of diversity for simple sugars is in the way their parts are

arranged spatially around asymmetric carbons.
Al ye &g Sl aal Joa il A s 55 g8 Aalall) g Sl S 3 g gl jlac aal m

= Asymmetric carbon: the carbon that’s connected to four different groups.
Adlide Gle gane 4 o ddad jall 35 KU oo ABLal e A3y U m

= Glucose and galactose, for example, differ only in the placement of parts

around one asymmetric carbon.
ALl ye 4 g SN Jsa e sanall i i oo Jah claliny G aSllly jSolel) m

= What seems like a small difference is significant enough to give the two sugars
distinctive shapes and binding activities, thus different behaviors.
Sl 5 ailine ulalis 5 s Laaglac Y TS 45l V) Unssy (Sl (o GOEAY) 5o 38 m

& H\?¢°
H—CI—OH H—C—OF
HO—(l_'—H HO—C|—H
H—(lI—OH HO—(lI—H
H—CI—OH H—CI—OF
H—Cl—OH H—C|—OF
’ y

Glucose Galactose
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* In aqueous solutions, glucose molecules, as well as most other five- and six-
carbon sugars, form rings, because they are the most stable form of these
sugars under physiological conditions.

il (R Fanlandl 5 Fandledl) il Sl e ) Yl Sl 0o gl Jlladl) 3

Aoa s gandll Gaglall cans 1) il Y1 e JSEN 13 oY lla

H /o
1C 6 CH,0H GCIH;OH
2
= (o Ho 5T 0y Ho & O\ H
HO —c—H v/ , \ A /
4| Pe— aC OH ‘C\ — ac OH 1C
H—'C— OH /\I ,T No /N 'i' \
S on OH 3,|C Cl OH (l_. 2(i OH
|
H—"cl—OH H OH H OH
H

= The figure above illustrates the conversion of glucose from the linear form
to the ring structure.

ealadl Jsal ) Jaall JSEll (e 5 S glall Jsad oY) JSEN) aa gy m

= In glucose, the ring structure forms when the carbon n.1 reacts with the
oxygen of carbon n.5.
S5 o8 3 H Alaial) M‘ﬂ\s_)bj 1@)%_34)&\3)505&41)0)33@&.\;.“ d&ﬂ\@ =
.5 e§J

1. Monosaccharides, particularly glucose, are major nutrients for cells.
LA i ) 13 € slal) Aala s Apala ) iy Sl el

<> Fuel for work. In the process known as cellular respiration, cells extract
energy from glucose molecules by breaking them down in a series of
reactions.
25 A 48Ul aMAtu) o ¢ o lal) it lee 3 Lgiillay lady LAY 4a2iind 3 @l jaas
el (e e sanse Gara deplasd (3 )k e jSlall

2. Their carbon skeletons also serve as raw material for the synthesis of

other types of small organic molecules, such as amino acids and fatty
acids.
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v’ Sugar molecules that are not immediately used in these ways are generally
incorporated as monomers into disaccharides or polysaccharides.
povinail Oy g5 5aS Lganl ol iy cABlall (il o) (e (oY adaing ol Al dplaY) il Sl v
A Baamte culy S Al cly S

= A disaccharide consists of two monosaccharides joined by a glycosidic
linkage.
Aoas S Ay ddad gy oShaly Gualal o S (e AUl S Gl w

= A glycosidic linkage is a covalent bond formed between two
monosaccharides by a dehydration reaction.
dehydration ok oo Cmaal oS o L Lealid Adayl ) (& e SO1 ALY )
.reaction

1. Maltose (Malt Sugar) = Glucose + Glucose.

* 2 Glucose molecules are joined by 1-4 glycosidic linkage.
A S8 Aa) )y Aol 5 o‘-keige 5SS 4 5588 e 058 1Ll Su) Sl
N segisall (e 4 @B O KB AV sesisall e 1A 00 S sl (4 -1)

» Maltose is used in brewing beer.

Dol peadl gl astd m

CH,OH
H H H
H
HO oy 00
OH Y
Glucose @ Glucose Maltose




2. Sucrose (Table Sugar) = Glucose + Fructose.

»= The most prevalent disaccharide. )
Sl sy A S .

= Glucose and fructose are joined by 1-2 glycosidic linkage.
L S0 Al ) Aand g Gla g 558 4 5SSl (e (el S oSl 0S5
DAY esigall 50 2 0S50 5 ISV sasisall e 1 A8y S 3% o sl (2-1)

= Plants generally transport carbohydrates from leaves to roots other non-
photosynthetic organs in the form of sucrose.
e\.}ﬂ\wy‘_fm cliac Y L’)ALGBJ:E':.JJJ;\;J\ ‘5\3 LB'IJJY\QAQ'IJJ:\A}!JS]\ QUL].\{\M n
DSk JSG e sl el dlesy

CH;0H CH,OH H0H 1.2  CH,0H
H ) H o H H O H glycosidic o H
I 1 linka 2
OH H O/ \4_Ho 9 HO
HO CH,0H  HO 0 CH,OH
OH \J OH H H OH OH H
Glucose Fructose Sucrose

3. Lactose (Milk Sugar) = Glucose + Galactose.

» Disaccharides must be broken down into monosaccharides to be used for
energy by organisms.
AU Lgwhaainy dpolal culy S ) Al cly Sl apdasti cany m
S Lactose intolerance:
" |tis a common condition in humans who lack lactase, the enzyme
that breaks down lactose.
o Jssaall 2y 3¥) 585 lactase mi¥ (it (il palail) e dails Al m
SO apdaas

» The sugar is instead broken down by intestinal bacteria, causing

formation of gas and subsequent cramping. )
c-La.Ai)’lL;‘é.‘.j;_g.q.“ LSSl Jasd ¢ 3 13a ddaid JJEM‘_)S“HL;SU«@ Yo =
clalaml  JElly 5le o oS Ca Las daghaad e
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= Polysaccharides are macromolecules, polymers with a few hundred to a
few thousand monosaccharides joined by glycosidic linkages.
GV Ay ) Gl draiay e 5SE Cua Gyl g (51508 Gl saaeiall G Sl a3
Aot S Aday y A jall Aalal) il Sl (e

=  We classify polysaccharides based on their function to storage
polysaccharides and structural polysaccharides.
Al b S5 48 HAe by S ) agditla 5 e 2l saaaiall Gl Sl Caai 2l m

= The architecture and function of a polysaccharide are determined by its
sugar monomers and by the positions of its glycosidic linkages.
Aasl )l adge + Led oSl Sl @l a5 50 SIS (e 22alall Sl Al g5 ol aaty
LIPSy EA

= Storage polysaccharides store sugars and they get hydrolyzed to
provide sugar for cells.

O Sl LAt g 50 Tl Lelas oy G Sl (A 5 jaall il Sl o g5 m

v" For example: Starch in plants and Glycogen in animals.
1. Starch
= Source: plants Gl « jaadll

= Plants store starch, a polymer of glucose monomers, as granules within
cellular structures known as plastids.
o A 1A ) 3 JAls ¢S sl O e gise e O5Se padd s s LA il (A5
Ll

=  Most of the glucose monomers in starch are joined by 1-4 linkages
(number 1 carbon to number 4 carbon), like the glucose units in maltose.
185 0508 3,0 om sl ((4-1) L S8 Adayl o Wil A& 5 S glall il je 53 90 plina Juali m
il ja A el Il Al a s ¢ U jegisall e 4 o) s SB35 U5V e gigall (1
skl
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* Most animals, including humans, also have enzymes that can hydrolyze
plant starch, making glucose available as a nutrient for cells.
Jray Les ¢ L) Lail) ama e 55008 Cilay 330 llias (luay) ) 48l il gall alana m
LA o138 1 i gia 5 oS glall

» Potato tubers and grains—the fruits of wheat, maize (corn), rice, and

other grasses—are the major sources of starch in the human diet.
sl e maedl s 591 3 A ¢ mail) dlallagd) <l sl ele 8 L olas w

» Forms of starch: Amylose and Amylopectin.

a) Amylose (Simplest form): Unbranched chain of a-glucose monomers which
joined by1-4 glycosidic linkage.
Lo 5 S all l e gise (g0 sSa g pite e ey shs (LA gl s dansd 58 5) ) slad)
(4-1) A S04 Al 3y gy Lo

b) Amylopectin: a more complex starch is a branched polymer; it has 1-4
glycosidic linkage with 1-6 linkages at the branch points.
DS Sl e s e i el s e ke ¢ LA (e Tadad ST JSE g oS laY) (c
s g il bald aie (6-1) ddal) e g 5ian5(1-4) Da SOl Ayl e s st

T_—— Storage structures (plastids) Amylose (unbranched)
7 ,,,:)’ ) / (uTt?in::gb;:ar('tll granules in a

> 4 polalo el o 0 0 0 L+
L e o 5 D AT
! ¥ oy s

Glucose

’ : f f & _~ Amylopectin monomer

- o (somewhat branched)
‘EOT:] ) .' S o ] 0 ] ] 0
@ S : A ADNAIAIATIA

i J“T’OD
2. Glycogen
= Source: animals Gl gaall 1 jaiaql)

= Glycogen is a polymer of a -glucose that is like amylopectin but more
extensively branched.

oL ST assl i sha¥ ) dndy ¢ S slall o e gige (e 0Se Dad g iSO .

= Vertebrates store glycogen mainly in liver and muscle cells.
bzl g 2SI G e oS3 o AT b jladl kil w
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= Hydrolysis of glycogen in these cells releases a-glucose when the
demand for sugar increases.
Sl el gl die 5l ) LA el b o S0 et 5y
» The extensively branched structure of glycogen fits its function: more
free ends are available for hydrolysis.
le el 0da Jaad Cpa tatiagds o Lualie 413 e (s SR g 3 3 00 Cile il w
OS5l Y e SO el ST 5 a s b e

* |n humans, glycogen stores are depleted in about a day unless they are

replenished by eating carbohydrates.
Js Gk e s 2 e 13 aal 5 a s SO sl die Cpa S0 () Sl 25w
e 5 Sl

N Glycogen granules Glycogen (extensively branched)

’<’ stored in muscle y o ,[
tissue U o

§ s, ARy g UO

a5 b # .r‘
o iﬂ QQQ DA
0.
’o O

l um
(b) Glycogen iq.&oocﬁ.. &'Q-

1. Cellulose

= Cellulose is a major component of the tough walls that enclose plant cells.
Ll agn ) A gl Ay a0 ol ) (Sl sl ey

= Globally, plants produce almost 1014 kg (100 billion tons) of cellulose per
year; it is the most abundant organic compound on Earth.
LS all ST 5 hlad) ey (s 5llall (e ol sl Vv v g Ll it ualle m
Y e e 1 L5 4 sl

= Cellulose is an unbranched polymer of B-glucose with 1-4 glycosidic
linkages
A S0 Aoyl s g Lad i 3 Al 55S518-B ) mgise e g ke e el gz jsbludl
(4-1)

15| Page




? What's the difference between starch and cellulose?
®

v" Cellulose is a polymer of B-glucose while starch is a polymer of a-glucose.
M g 55 On Ssbladl (B 5 S slall < e g3 50 Lk Wll ¢ 53 (e LS 8 5 5 olall il e i 0

Z0H CH, OH
CH,0H CH,0H
(b) starch: 1-4 linkage of a glucose monomers. All monomers (¢) Cellulose: 1-4 linkage of B glucose monomers. In cellulose,
are in the same orientation. Compare the positions of the every B glucose monomer is upside down with respect to its
—OH groups highlighted in yellow with those in cellulose (c). neighbors. (See the highlighted —OH groups.)

v" When glucose forms a ring, the hydroxyl group attached to the number 1 carbon is
positioned either below (Which forms alpha (a) glucose) or above the plane of the
ring (Which forms beta (B) glucose)

il L) 1 685 (558 5% Aleciiall JonsS 5 ysgll e s (0585 ¢ Al JSA o€ Sl 3% Lavie

(S sle Ui oS ) Aol e i (558 sle Wl () S ) s

H 0
\C/
CH,0H I CH,OH
H A O H H_C|_0H H 4 O,
HO—C—H
RO H /L — | =  ‘RoH 1/
HO H—?—OH HO H
H OH H—C—O0H H OH
« Glucose H—C:—OH B Glucose
H

v" In storage polysaccharides; starch (amylose, amylopectin) and glycogen =
a-glucose.
v" In strcutural polysaccharides; cellulose and chitin = B- glucose.
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* Main dffierences between starch and cellulose ¢ty 34l

1. The differing glycosidic linkages in starch and cellulose give the two
molecules distinct three-dimensional shapes.

Starch > largely helical. Cellulose > Straight.

u}in_ua.zd..:u.aladl.uy‘ LJ&A&HJS‘;L“)}MUM‘UMMM}SJM\&LJJHMM\

2. Cellulose is never branched, and some hydroxyl groups on its glucose
monomers are free to hydrogen-bond with the hydroxyls of other cellulose
molecules lying parallel to it.

S ga g g0 (o e g gl e sana pans o 4 Baadl Cus e jie bl aal g O Sad) e
A 5o a5 ) A g Ld 4 3) sall D slludl iy ja 5 5Ssle aa ol )3 5 ja 5S35 S slall

In plant cell walls, parallel cellulose molecules are held together and are
grouped into units called microfibrils.

80 M 5n) Liandl Leamand 231 sl 3 shilud) il S acan ¢ Al DAL a0 ol 3

Gm.n:'l 3.\:;} d&:; ‘_A& ("L_.S‘};
Microfibril.

< These cable-like microfibrils are a strong building material for plants and an
important substance for humans because cellulose is the major constituent of
paper and the only component of cotton.

Bala Lg_ﬂ LS c_aljl_ull ‘\.1_35 :\.ul_u Bala PRty s ¢ d.us.“_z Al u.;S'l_).a microfibrils d\
(ll a1 Sl 5 (sl oY) oSl s shlad) (Y el g il 4 aga

< The unbranched structure of cellulose thus fits its function: imparting strength
to parts of the plant.
L )30 58 any seb aibila s 2D kbl g i) e (K
Cellulose molecule (unbranched)
OOC)(_‘?OOO O é Hydrogen bonds between
parallel cellulose molecules

n U‘C}(]O hold them together.
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3. Enzymes that digest starch by hydrolyzing its a linkages are unable to
hydrolyze the B linkages of cellulose due to the different shapes of these
two molecules.

(st Ui Aoyl 1) acan e 3,08 ye Laall 6 Wl dayl )1 anad e 3 alall ciley 353 )
ol el Calinall JSAN G ) shaldl

= Almost all animals, including humans, do not have enzymes that can digest
cellulose; the cellulose in our food passes through the digestive tract and is
eliminated with the feces.
Seall e alahall pe Ll ey Cua ¢ shlud) aimn aodaid Y gled¥) ) A8LaYl @il gl alina
SR RISl

= Along the way, the cellulose abrades the wall of the digestive tract and
stimulates the lining to secrete mucus, which aids in the smooth passage of
food through the tract.

Bale S (o Aladl S Cus anngl) Sleall i Ssblull dling ¢ caagll Sleall e 055 ol
s IS ladall iy a5 30 S Alalie

= Most fruits, vegetables, and whole grains are rich in cellulose. On food
packages, “insoluble fiber” refers mainly to cellulose.

e G A ) gl e, LU e AL (gl i g pumal AST i) alace
sl () ey JS5 oL Al AL

= Some microorganisms can digest cellulose, breaking it down into glucose
monomers. For example:

lede ABGY) G ) sSslall (e ol e gise (N daphaats ) shludl acan dall LK) g adaind
1) A cow harbors cellulose digesting prokaryotes and protists in its gut. These

microbes hydrolyze the cellulose of hay and grass and convert the glucose to
other compounds that nourish the cow.

Laclaal 3 5 shlind) aaa e 3 08 A58y S 5 jad) Gl

2) Termite, which is unable to digest cellulose by itself, has prokaryotes or protists
living in its gut that can make a meal of wood.

S e 5 ol splaal 8 A8 S 4gal ¢ daii ol e ) slilall s aodaieg Y A ¢ panY) Jaill
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3) Some fungi can also digest cellulose in soil and elsewhere, thereby helping
recycle chemical elements within Earth's ecosystems.

aliall sxisale) (8 ae by Las Al SWT 5 4 il 8 5 shlull aaa <l phaill o il (cany ankiias
Al dalal) L dilas))

2. Chitin
= Chitin: is the carbohydrate used by arthropods (insects, spiders,
crustaceans, and related animals) to build their exoskeletons" hard case
that surrounds the soft parts of an animal".
il ) (Sl el pial) Jia) cliliadall Lpadiind il &) a5 S o) il aad oopil<))
A dall A o1 eVl Jaay llea IS a5 s )R Ll aieail () gl e b g
O sl

= An exoskeleton is made up of chitin embedded in a layer of proteins, the
case is leathery and flexible at first, but becomes hardened when the
proteins are chemically linked to each other (as in insects) or encrusted
with calcium carbonate (as in crabs).
Aala JSel e 068 Cun ¢ il gl e ik 8 el (S e o SN JSGel S5 m
(e Lgmny i 5l Joati Latie: llh 5 Ul zmy 436 ) clilisiall ae )y 3 4 e
ol s a8 LS o sl il g S0 s i Lenie (<l jdal) 8 LeS)

= Chitinis also found in fungi, which use this polysaccharide rather than
cellulose as the building material for their cell walls.
O Y (s 1Al s jlaad el 5 oSl s S ¢ Liadd iy yhadl)  opilS)) a5y m
bl

= Chitin is similar to cellulose, with 8 linkages, except that the glucose
monomer of chitin has a nitrogen-containing attachment.
558l asise O WIS sle Un e (gsSe LaadS o Cua e sbiladl e Sl agliy m
f ) SR (8 dain g (g Rl (e A0S 20 e (g s (Sl B

CH,0H < The structure

I of the chitin
H H OH monomer
OH H
OH H

H IilH
i
CH,
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= Lipids are the one class of large biological molecules that does not include true
polymers, and they are generally not big enough to be considered
macromolecules.

BaS Coendg i Olyard gy 3 Y 1 ST 8 Sl &gl gudl LS y0dl Lo aal ol jias
.Macromolecule )lsey LS
= The compounds called lipids are grouped with each other because they share one
important trait: They mix poorly, if at all, with water.
e Jld)l ZIRed) duols (g Bdxlg duolio lgsam pe HAad ) OLSl (0 degazes Sldudll o
(elodl 4515 52) Lol

= The hydrophobic behavior of lipids is based on their molecular structure. Although
they may have some polar bonds associated with oxygen, lipids consist mostly of
hydrocarbon regions.

,1:2:\':3).” gL Y] Les)llal OR ‘Q.C)J‘J & LIV lg.«._SJS dl CJLJ,_«:\.:U\ A E;.U'l ¢l o_)KJl _-‘3_9.1.4& &y
Lol Ao i 333,53 0 3olis 5 8y LSy o O V] (S Ayl o)

= Lipids are varied in form and function.

PPUYPYVIR I JERKWRIFONE:
= Types of lipids:
1. Fats.
2. Phospholipids
3. Steroids.

= Lipids also include waxes and certain pigment.
Slall #lel jang faaid! Lol Cldud) @y

= Fats are not polymers but they are formed by dehydration reaction.
dehydration &b ;e laduad i 451 Y] clpadgdl) yaud oo Wil e Ol Chival Y =
reaction.
= Fats consist of tryiglycerol and 3 fatty acids joined by an ester bond.

Sl Aol Jg ) o Jas3 dids (2lexl 3 5 (Jgmle) Jg8 o0 090l 532 09k ®

20| Page




= The type of covalent bond found in fats is an ester bond.
Ayl dasly 09l (§ B39g0ll dranludll dlayl))l g5 =
= Fats are also called a triacylglycerol or triglyceride.

= Glycerol is an alcohol; each of its three carbons bears a hydroxyl group.
S g e gazen lgia 8)3 (S Joodd ¢ 050,801 o D)3 O (1 0580 Jg==S 19 ]
.(OH)

= A fatty acid has a long carbon skeleton, usually 16 or 18 carbon atoms in length.
The carbon at one end of the skeleton is part of a carboxyl group, the functional
group that gives these molecules the name fatty acid (The rest of the skeleton
consists of hydrocarbon chain).
8 AT oS ¢ 09255833 18 J) 16 (0 055 s (392 S gl ae!
ool 53l 10 el (1 dnads )l e gazxall (29 (COOH) JuuSg2,S e goze (3 90,1 gl
(09590 oe Bylue Sugl dus S35 Of (o 3) gal paesl

= The relatively nonpolar C-H bonds in the hydrocarbon chains of fatty acids are the
reason fats are hydrophobic.
02l 4693,59 00! Juodladl aus (H- C) cnzandedlly 052583l (o ddaill a8 Jaslg Il 5929
sloll dises e Ol Ol Jaxr § Cund! 92 diadl

= When making a fat, three fatty acid molecules are each joined to glycerol by an
ester linkage, a bond formed by a dehydration reaction between a hydroxyl group
and a carboxyl group.
¢ (b £53> b)) Dehydration reaction &gd> ol e d>lg ¢(S3> auual ddos oyl =
de gazeo cpo OH A] 9 Jg il dsarall JouSs yung)) dcgazme (o H U] o Cap>
lagis djin] dlayly (99559 (ol paasll Abatall JuuSs:,S|

e i_(m\ @)c\}: /i\{ /i\,}:/i\é:/i\é:/i\{/i\}:/i\{/"
H—i—m ‘@ Fatty acid

_ {in this case, palmitic acid)
|
H

Glycerol
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The fatty acids in a fat can all be the same, or they can be of two or three

different kinds.
Al 15l e 5l g sl i e A 65 3n 055 A Anall palead) (S5 5 m

Imuaoauaos
._J;H}}%g%}%§%}%§%H
AP

{b) Fat molecule {triacylglyceral)

= Types of fatty acids:
1. Saturated fatty acids (saturated with hydrogen)—=> no double bonds.

A Dl ) Sl s Y € Cpnaonell gae 3 e

2. Unsaturated fatty acids: one or more double bonds with one fewer hydrogen

atom on each double-bonded carbon.
LA a5 2 0) Cossouell adie e B0 (aes

There are two types of double bonds: a cis bond and a trans bond.

Nearly every double bond in naturally occurring fatty acids is a cis double
bond, which creates a kink in the hydrocarbon chain wherever it occurs.
2 "Kink" sliadl ddasl ll 038 s ¢ Cis & 5 (00 Adail) (o (ernde S JSET AU Aayl ) IS

) Al (IS b A5 5 I ALl

H
n—d—o-t SANANANAANAN

Cis double bond
causes bending.
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The kinks where the cis double bonds are located prevent the molecules from

packing together closely enough to solidify at room temperature (They are

liquid).

da ) mnd) Lpansy BtV (e by Jall s AL Ay 1 (S 83 5 gall CleliniY) 52a
ABL) A 5 iy hal) i I dd all 5l s da die cabeati S 1 438

Examples of unsaturated fats: Plant and fish fats such as Olive oil and cod liver
oil. Aglall o saall il e o aall e ABY)

If there are no double bonds between carbon atoms composing a chain,
then as many hydrogen atoms as possible are bonded to the carbon
skeleton. Such a structure is said to be saturated with hydrogen, and the

resulting fatty acid is therefore called a saturated fatty acid.
s aedl Aria g8 A Layl g ) (ol Qllia Y dxniial) Linall (alaa)

A fat made from saturated fatty acids is called a saturated fat.
Lodie (A o ja dapfie 41a) alaal (e oy sSall ) saal) e5 > iy

Saturated fat molecules—Ilack double bonds, and their flexibility allows the
fat molecules to pack together tightly = there are no kinks, that’s why they
are solid at room temperature.

Lgar Bl (e O spall il jad eanss L g pa g AN Jagl 5511 (e A Arpliall ) sl

dd yall 5 ) s da po die dafall g saall Ala (5 aa ) 13g] (Clelindl 3 g g pand (anll

Examples of saturated fats: Animal fats such as lard and butter.
il 5 30 30 Jie Al gaad) () sl : dradiall o gaall e AEGY) e
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= The phrase “hydrogenated vegetable oils" on food labels means that
unsaturated fats have been synthetically converted to saturated fats by
adding hydrogen, allowing them to solidify.
S sl e gl Jypad e Aanl1 e aal 55 1 ( A paeall Eglall g3l Al s
Adball Al I Jaill W e Les g sl Ads) (3 5k g Lielian dnadi (50

= The process of hydrogenating vegetable oils produces not only saturated fats
but also unsaturated fats with trans double bonds (Trans fats coronary heart
disease). )
L) g ld dapdia yae g Lol i La) ¢ dnadia U g Jadh e Y Alal) < g 300 A dlac )
(i) Qo) el & 0 gaall s38 aaled Cus) Trans § 58 (e 4l

= Adiet rich in saturated fats is one of several factors that may contribute to
the cardiovascular disease known as atherosclerosis.
laai Jie dgle gl Calall Gl yal A aalad A Jal gall (e aa) 5 dandiall () saally dpiadl 4361 yiia

= |n this condition, deposits called plaques develop within the walls of blood
vessels, causing inward bulges that impede blood flow and reduce the
resilience of the vessels.
Alaly Slelindl () 6 Las Ay seall e W) () jaa Jal Plaques eass il i (5S35 Allall 028
Ao YV oda Ay ye e Jloy Laa ) 5 e Gt
< Functions of fats :
v The major function of fats is energy storage.
Adlall cp 38 e g eaall JaulY Adds
e A gram of fat stores more than twice as much energy as a gram of a
polysaccharide, such as starch.

Baaiall by Sl (e 2al 5 6l je ankaiun Al A8 4S Caniia (335 Gaall e 2al g al e ket
Ll Jie ey jas
e Humans and other mammals stock their long-term food reserves in adipose
cells.

gl & 21 A s AaadaBU Cled shuse (0 333 (DAY Clpail) ) ALYl Gl aodaiay
Ll
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v Adipose tissue also cushions such vital organs as the kidneys, and a
layer of fat beneath the skin insulates the body. This subcutaneous
layer is especially thick in whales, seals, and most other marine
mammals, insulating their bodies in cold ocean water .

Ol il Jead LeS A0S0 Jia 4y gaad) oliac DU (dgiad Aida (61) 3alus sS nall zranill Jany
el e e alal) s

=  Phospholipids are essential for cells because they are major constituents of
cell membranes.

Ao slal) dsie U W) () sSall Ll Gllh 5 LA dagall <y 3ol (e 5 iudall oy saall juiad

= Phospholipids consist of glycerol, two fatty acids and a phosphate group.
The phosphate group has a negative electrical charge in the cell.

e sene ol i (JanS 5 0 Do sene 3 o (sging Jg e o5 e dudall aall ) S5
Andi gl Gldus 5 Ao gana ae AN JusS 5 0]l Ao gane ol i (uiad Guies e JauS 5 00

A

= Typically, an additional small charged or polar molecule is also linked to the
phosphate group for example, Choline.
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= The two ends of phospholipids show different behaviors
with respect to water. The hydrocarbon tails are

hydrophobic and are excluded from water. However, the
phosphate group and its attachments form a hydrophilic

head that has an affinity for water. oo
e tail A Jia A g KI AL elall olad (piline (S sl agl 3 jiudall o saall ‘:_u@
b5 s all ol i Ly gyl de panall LYl cilia sil) de gana Loty slall dpne
slall dns

Hydrophilic
head

tails

= When phospholipids are added to water, they self-assemble into a

double-layered sheet called a "bilayer" that shields their hydrophobic fatty
acid tails from water.

Jsdll e e Jand 5 Bilayer 4l s (ol JS& lall 5 jdudall o saall 8l xic =
AN Y i S5 sl

;}'Mﬂilf’f]!}.ﬁf}f)}.)l.n.}}.n‘}m)@‘}'}ﬂ‘f = At the surface of a cell, phospholipids are arranged in a similar
[ﬂf@ﬁ“l(ﬂ*ﬂ@f HAEAAN

~ | bilayer.
Ll A LAY # glan e 30U Aaall o3a saalie (Say W

= The hydrophilic heads of the molecules are on the outside of the bilayer, in
contact with the aqueous solutions inside and outside of the cell.
e Jail e (565 Gy o Sl ) AU Andall 038 (e slall Aisall a1l 0S5
Aglall Jallaall
= The hydrophobic tails point toward the interior of the bilayer, away from
the water.

elal) e T Al e JANA ) elall A N J pll) S5

= The phospholipid bilayer forms a boundary between the cell and its
external environment and establishes separate compartments within
eukaryotic cells; in fact, the existence of cells depends on the properties of
phospholipids.
&éLsJIaJH;J iz bjag;g)Lii\aﬁéﬂl} 2€i531¢j$;L:LA O Jiald aas &gﬂjﬂh Ch\d**ﬂﬂ ajgla Jaxi m
.EM\ u}b.\“ Y UASLAA‘EI.GEL'_\;." .'\515‘;‘9 L%c-u-jj
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= Steroids are lipids characterized by a carbon skeleton consisting of four
fused rings.

Alaie clila a )l e (5Sh Fs S JSaen el ) ilaadll ) g aal iy 5 pid) aas

= Different steroids are distinguished by the particular chemical groups

attached to this ensemble of rings.
Llalal) a3gs Aliaiall Ayl e sanall 305k (e Adlisl Cilay s il o1l Spai sl m

= Examples of steroids (&) :
e Cholesterol: a type of steroid which is crucial molecule in animals.

L) ol L dagall il 5 i) o) s aal 5 st sSI aey

v' It is a common component of animal cell membranes.
A gaal) LAY Aie | s a0 aa]

v" The precursor from which other steroids, such as the vertebrate sex
hormones, are synthesized.

by Ul 8 dpuial)l U se ) Jie Cilay g il e a0 §) 5l piall jrae

v' cholesterol is synthesized in the liver and is also obtained from the diet.
o133l e Lial agle Jganll a5 2SI 3 J 5 i oSI it oy

v" A high level of cholesterol in the blood may contribute to atherosclerosis.
Ol Al lai Eygas ) aall A g il KU (e Cladl e Gl e 25 g aald BV

H5C CH,

HO
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= Nearly every dynamic function of a living being depends on proteins.
gl e o IS Y ASaaliall (il gl aras adini m

= Proteins account for more than 50% of the dry mass of most cells, and they
are instrumental in almost everything organisms do.
Y Ll Ca (UDIA) alasal 4801 AN ¢ gana (30 %50 (e ST i) S5
ot JS ALl Al S Lganding

= Enzymes: proteins that speed up chemical reactions.
AlasSl Cle i) ag pust Ao Jand S35 il gyl ) gl aal il 3Y) w

= Enzymatic proteins regulate metabolism by acting as catalysts, chemical
agents that selectively speed up chemical reactions without being
consumed in the reaction.
Jalse a5 o(l Jins) & Lebae & (o ) cililee wla e & ol ey Y1 Jox
Jelal oL ellging ol ¢ 59 Alesll SOl i) ay jud e Jand 4ilasS

= Enzymes are not consumed during the reaction. They can be used over and

over again.
Bae &l pal aal gl an BYY aladiil 24 Jeldll JUA Gl 3V Dlgiul LY =

= Polypeptide: is an unbranched polymer, it consists of a chain of amino acids
linked by a peptide bond.
Lot Lad Jag 3 AinaY) alaa¥) (e Al (e 0 5S0 3 g i e el o il duae aay
Agady dday)
= A polymer of amino acids is called a polypeptide.
= A protein is a biologically functional molecule made up of one or more
polypeptides, each folded and coiled into a specific three-dimensional
structure.
24Ty (5 ghaii s il Cuny ¢ JST 5l aal 5 i aae e S a5l by sesox s G )
sl 13 Lals aladY) 5006 S

= A human has tens of thousands of different proteins, each with a specific
structure and function; proteins, in fact, are the most structurally
sophisticated molecules known.
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e Functions of proteins

|

‘ Enzymatic proteins
| Function: Selective acceleration of chemical reactions
Example: Digestive enzymes catalyze the hydrolysis of bonds in food

- @ o
— Gl
,um‘ggﬁsmm@)ﬁ;wﬂ

Jas g 50 Sl Jlasll e o gl e Y1 (Jand 1M
Al cds ) A

Defensive proteins

Function: Protection against disease
Example: Antibodies inactivate and help destroy viruses and bacteria.

Bacterium

ol yaY) i Alaal) - Al

g lll paei o dobudy Jlawd salunalf slualyl U
Lyl

| Storage proteins

Function: Storage of amino acids

Examples: Casein, the protein of milk, is the major source of amino
acids for baby mammals. Plants have storage proteins in their seeds.
Ovalbumin is the protein of egg white, used as an amino acid source
for the developing embryo.

e
0a°
e B%‘:%%§ 0:0

Ovalbumin Amino acids

for embryo
A aleall) 3385 Aagha gl
et N Danaddl ¢ culall g o985 ¢ SN ey 10
a3 Gl o g Led bl il JukY 4l Jalasd
pxdiy ¢ gandl aly 38 » 5o 2 Ovalbumin a8
el ogiall 1aY) pmaall jual

Transport proteins

Function: Transport of substances

Examples: Hemoglobin, the iron-containing protein of vertebrate
blood, transports oxygen from the lungs to other parts of the body.
Other proteins transport molecules across membranes, as shown here.

oy - Gl

2yl e (gging (g p ga g ¢ sl gasedl Jib i
Oa Al el sal () Gl e CpmaI ¢ iy a0
Adall elie e iy jall o AY) Cligy pll Ji, sl

. Hormonal proteins

Function: Coordination of an organism’s activities

Example: Insulin, a hormone secreted by the pancreas, causes other
tissues to take up glucose, thus regulating blood sugar concentration.

1%
» ° % »
Hi Insulin y i
. bioodg]ugar secreted blmagar

ol Sl Aadil agdat - ddgls o)

0 31 (g3 ¢ Ll Sal 05 ga s sa g ¢ (ol guad¥! 1l
3855 et MLy ¢ 58 glall (g a Y Ay aliata) )
2 i Sl
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Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a nerve cell detect
signaling molecules released by other nerve cells.

Receptor protein

e

L
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Contractile and motor proteins

Function: Movement
Examples: Motor proteins are responsible for the undulations of cilia

and flagella. Actin and myosin proteins are responsible for the contrac-

tion of muscles.

laay| il gl e Al p pall o A8 all Cilis gl -J.
oalii o A g jusall A Cypes puall g €YY i g ol Y g
Ealnall

and a carboxyl group.

All amino acids share a common structure. An amino
acid is an organic molecule with both an amino group

Structural proteins

Function: Support

Examples: Keratin is the protein of hair, horns, feathers, and other skin
appendages. Insects and spiders use silk fibers to make their cocoons

and webs, respectively. Collagen and elastin proteins provide a fibrous
framework in animal connective tissues.

Collagen
T O P g, W
D Be3Sa3t2 2

b
60 um

S
Conneclive tissue

el : Adula g

Aall lialey o My oy ally sl g g ol Sl 1l

Leiil 15 anial yjall Gl CSlall g ) plial) padins g A

oY) g oY Sl Sy B gl e o LeiSad

Ol geadl Al Aasyl 8 Gad | L)

Side chain (R group)

> . o carbon
Gsac e im b ueY) (manll @l it ol g diaa) paleal) ea Var:
JeS 53 S Ao ganay dinal de gana o 5 5iny I'I\N 4
H/ | \OH
= At the center of the amino acid is an asymmetric carbon H
atom called the alpha (a) carbon. Its four different Amino Carboxyl
\ group group
partners are an amino group, a carboxyl group, a

hydrogen atom, and a variable group symbolized by R. The R group, also
called the side chain, differs with each amino acid.
Gle sane o)l 0 A je gl (ol Alilie y2 G5 S 3,0 o danglls b el Gaeall (g siny
Ll Lgle (3lhay 5 jaie Ao panay Cpn s 30 (Jen 0 S Ao sane cdyiaal A gena ; Adlida
R Ja SAT () il e (e calias "Epilall ALl ol

There are 20 amino acids that cells use to build their thousands of proteins.

The amino groups and carboxyl groups in the figures below are all depicted
in ionized form, the way they usually exist at the pH found in a cell.
Ol aa il JISsl) (8 ddlise i gy ol A LAY Leeadiad <20 dpisel) (i gaall e
Ln seall a3 B Cle sanall L ) g5 ) Allad) o3 Al JausS 5 )SI 5 aaY) e sana
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= The side chain (R group) may be as simple as a hydrogen atom, as in the
amino acid glycine, or it may be a carbon skeleton with various functional
groups attached, as in glutamine.
ailuli (e (a5 33 iy 53 Glycine JI piaes Jie Aoy 4 plall ALl () 5<5 08
wasall Jie Carbon ddlise 4l y Cle sana 53 i S IS JSG e (5538 i 4,8 Hhall
.Glutamine (sixY!

= The physical and chemical properties of the side chain determine the
unique characteristics of a particular amino acid, thus affecting its
functional role in a polypeptide.
Lz Jaas ol 3y il il s e i ) ALl 2l 3l 5 el ailnal Jons
) il e Allu 3 Gadagll o0 g e e (e Y] aeal)

= Amino Acids are grouped according to their side chains into 3 groups.

1. Group one: consists of amino acids with nonpolar side chains such: as:

(hydrogen, hydrocarbons, Sulfur atom, rings), which are hydrophobic.
(Omsoun) T diedpkd e Apls Judls gl ) i) paleal) e 501 de gead) (5 i
slall dna joe a g ¢ (Qlils oy S5 0 g Sy )0

Nonpolar side chains; hydrophobic

Side chain C{'I/CHs (|:H3
R gl'OUp)\ CH, CH CH CHZ
N3/ 3 |
I|4 fl.‘H3 ?H fH’ H,C—CH
Pt —C —C—0" " M —C—C—0 l M —C —ﬁ—cr‘ ' M —C—C—0" ' M —C—C—0" ’
H O | H O _ H O H O | | H O
Glycine Alanine Valine Leucine Isoleucine
(Gly or G) (Ala or A) (val or v) (Leu or L) (lle or 1)
CH,
|
IS —_
NH
CH, — CH,
| /N
CH, CH, CH, H,C™ TCH,
H;N*—Cl—i—O‘ HgN‘—CI—CI—O‘ HBN‘—(E—%—O‘ H,N*— | —(i—(.‘r
H O ‘ H O H O H O |
Methionine Phenylalanine Tryptophan Proline
(Met or M) (Phe or F) (Trp or W) (Pro or P)
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2. Group two: consists of amino acids with polar side chains such as (OH,
NH2, SH), which are hydrophilic.
OH, ) Jie 4k dils Judls e g 5iad Al i) GaleaY) Al de ganall (panals
slall dna a5 ¢((NH2, SH

Polar side chains; hydrophilic

Since cyslelne Is only weakly OH
polar, it is sometimes classified
as a nonpolar amino acid. NH. O
Ny
OH H SH C
| (‘- 3 |
CH, C H CH, (I:Hz
‘ H;N*—él —c—0r H;N*—('IZ c—o H;N"—C =0 |-|3N*—c'| H N él
H O | H 0 H O H H O
Serine Threonine Cysteine Tyrosine Asparagine Glutamine
(Seror S) (ThrorT) (Cysor C) (TyrorY) (Asn or N) (GInor Q)

3. Group three: consists of amino acids with charged side chains.
A paie Al Judl e (5 a3 A 4] Galea) 23 e sanall (panial

Electrically charged side chains; hydrophilic

Basic (positively charged)

R "2
Acidic (negatively charged) NH,* C|=NH2+
| T
CH CH NH*
| 2 [ 2 ¥
Ik ik
, G2 GH2 L§H2
HyN*—C—C—0- HN*—C—C—0" | | HN*—C—C—0" | HN*—C—C—0"
T T T T
H O H O H O H O
Aspartic acid Glutamic acid Lysine Arginine Histidine
(Asp or D) (Glu or E) (Lys or K) (Arg or R) (His or H)

v Charged amino acids are either acidic or basic.
Al o dpcaen ()5S O Lal 45 gandiall dyieY) alaall

v" Acidic amino acids have side chains that are generally negative in charge due
to the presence of a carboxyl group, which is usually dissociated (ionized) at
cellular pH.

(CamS 33 S A gane) Al Ainly & paia nila Judlas o (5 555 Amanl Liaat) ialany)
LAl 35 i il A geall da o die ol LY elly
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v' Basic amino acids have amino groups in their side chains that are generally
positive in charge.
(Ol Ao sana) g ge Ainiy 4 panie Al Judlas e (5 st dgae i) 43Y) (alaay)

v Notice that all amino acids have carboxyl groups and amino groups; the
terms acidic and basic in this context refer only to groups in the side chains.
cllas (el de sana s JiS 52 S Ao sana o g 5iat Apial) Galeall as o BaY v/

.]nﬂ&i,p.\la.l'l Alulull fpaaa LL\LG}A@.AJ'I oda CilS dl;@r-;_\;l.n_.lp (_..5.\:‘.135 (D

v’ Because they are charged, acidic and basic side chains are also hydrophilic.
celall s s 1) Al j€ Lind agd Lpae @l dcaeall A Lamlaa¥) i L

= When two amino acids are positioned so that the carboxyl group of one is
adjacent to the amino group of the other, they can become joined by a
dehydration reaction, with the removal of a water molecule.
Oppaanl)l 22Y Jau 5 S de gana a5 Cung Lagaiany (o Ul Cpuiaal (pimes 23 5 Ladie
dehydration :yb oo Cpaasal) G dad i Gaag ¢ AV Gaaall ) de saae e il
sl gg 3 Al @l greaction

CH3 '?‘
s'
C|H2 SH
v | o .
H H H
ST O
H O H O H O

Peptide bond \

“®

= The resulting covalent bond is called a peptide bond.
Again Aday) ) oo elld e AUl paalidll Aoyl ) W

= Repeated over and over, this process yields a polypeptide, a polymer of
many amino acids linked by peptide bonds.
e sing sals sh s il e Alul OIS e g o 131855 15l Adenll o2 S5 m
iy Bl 5 3 all Aisadl) (mleaYl e el
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= Side chains aren’t considered part of the polypeptide backbone because
they’re variable.

b_sxde LgY &y spolypeptide backbone s fe s dilall Judldl a5y

| New peptide

= Note that one end of the polypeptide CHy | gy | |Dbondforming
chain has a free amino group (the N- chains S
terminus of the polypeptide), while the (gRrouPS) CHa ?T
opposite end has a free carboxyl group I
(the C-terminus). sack- | [N H ‘{’T I
e a5 3l e Audu g5 aal of Bay @ bone) NG TG
N-terminus sl lede Glass 3 a Gual 4o pana ' — - : L : ?

B> dS s S e pana o i LT AL Al Mimowmd hond  (oylens

.C-terminus ax! lle (3lhy g

= Chemical nature of the protein as a whole is determined by the kind and
sequence of the side chains, which determine how a polypeptide folds and
thus its final shape and chemical characteristics.
2an il g g 4 plall Judbdl i yis g 5 eSS 0 sl o5 ad Ailaasl daplal) daiad
Al dailiad 5 Sledl) 4S5 Aa  JElL 5 aiu) pae Alde Cailin CaS

= The term polypeptide is not synonymous with the term protein.

= A functional protein is not just a polypeptide chain, but one or more
polypeptides precisely twisted, folded, and coiled into a molecule of unique
shape, which can be shown in several different types of models.
Aluds e ST e 0585 ¢ S B35 i e Ads o L (S0 Y Gl ) G5 01
eyl (A3 JSS elliay W sl aae 4y 85 aaae JS Adile (5585 0l Lale T iy 5 ot aae
Al el (0 US4 05 o s s IS oS0

=  When a cell synthesizes a polypeptide, the chain may fold spontaneously,
assuming the functional structure for that protein. This folding is driven and
reinforced by the formation of various bonds between parts of the chain,
which in turn depends on the sequence of amino acids.
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= Types of proteins based on their shape: (LlSi e 2l o5l g) 5il)
1. Globular proteins (spherical) 55
2. Fibrous proteins (long fibers) &l

= A protein’s specific structure determines how it works. In almost every
case, the function of a protein depends on its ability to recognize and bind
to some other molecule.
Gl Jall nal e 4508 o xiad (45 ) ddpka 5 alae G885 adtida s sy G35 all S5
Lo Bl Y

™ ThlS flgu re ShOWS the exact match Of Antibody protein Protein from flu virus

shape between an antibody (a protein in
the body) and the particular foreign
substance on a flu virus that the antibody
binds to and marks for destruction.
Saall auall U5 2l kil ) (S8
ool cn e mua 5 (el (B 2 5a e (s 3 £ 5)
o_padi) adde 5y jall anally Jag ) aliaall ausal) ) 33 531

= Another example: Endorphin molecules (produced by the body) and
morphine molecules (a manufactured drug), both of which fit into receptor
proteins on the surface of brain cells in humans, because they have similar
shape.
i () (e o) 53) (b sall 5 (pusadl Lo 53La) (b5 531 (a JS iy i 1 AT ke
S el Leg SOl apnsy ol 5 ¢ Laal) LA b e n 5y i g 0 Jifinay
= The fit of substrate to a receptor is very specific, something like a lock and
key.
. lisall 5 Jaal A0S el sana el eosjall s Jaftasall Gy Gildal
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Target molecule (on bacterial

Proteins can be represented in different ways, depending on the goal of the illustration. cell surface) bound 1o lysozyme

( Structural Models

Using data from structural studies of
proteins, computers can generate
various types of models. Each model
emphasizes a different aspect of the
protein’s structure, but no model can
show what a protein actually looks
like. These three models depict
lysozyme, a protein in tears and saliva
that helps prevent infection by binding
to target molecules on bacteria.

In which model is it easiest to follow the Space-filling model: Shows all Ribbon model: Shows only Wireframe model (blue): Shows
polypeptide backbone? the atoms of the protein (except the backbone of the the backbone of the polypeptide
hydrogen), emphasizing the polypeptide, emphasizing how chain with side chains (R groups)
Instructors: The tutorial “Molecular overall globular shape. The atoms it folds and coils to form a extending from it (see Figure
Model: Lysozyme,” in which students are color-coded: gray = carbon, 3-D shape, in this case 515). A ribbon model (purple) is
rotate 3-D models of lysozyme, can red = oxygen, blue = nitrogen, and  stabilized by disulfide bridges superimposed on the wireframe
be assigned in MasteringBiology. yellow = sulfur. (yellow lines). model.

Insulin-producing cell
in pan(reas\

e o a
~ G <5y

( Simplified Diagrams
It isn't always necessary to
use a detailed computer
model; simplified . =
diagrams are useful when g this diagram of the ~ When structural

the focus of the figure is protein rhodopsin, a details are not needed, A simple shape is used here to

on the function of the simple transparent a solid shape can be represent a generic enzyme because Sometimes a protein is

protein, not the structure. shape is drawn around used to represent a the diagram focuses on enzyme represented simply as a dot,
the contours of a protein. action in general as shown here for insulin.
ribbon model,
showing the overall
shape of the molecule o Draw a simple version of lysozyme that shows e Why is it unnecessary
as well as some internal its overall shape, based on the molecular to show the actual
details. models in the top section of the figure. shape of insulin here?

= |n spite of their great diversity, proteins share three superimposed levels of
structure, known as primary, secondary, and tertiary structure.

o s Ay il giue 4 LeSial Can (po LD Lgrpan O V) S JS g 518 i) of (e el

Judls e ST ol il 5 5 5all D) i ol 1) oLl yeday 88 AN ¢ 5 8 ¢ 5V (5 sisal)

il vae

= The primary structure of a protein is its sequence of amino acids.
w‘)ﬂ uaLco-SH J.ml.md'yb gl djﬁ)ﬂ Ul RYVOVI
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= For example, transthyretin, a globular blood - AR A
. . . Amino | @ e 2 2
protein that transports vitamin A and one of the itk u ° @
thyroid hormones throughout the body. = "
Transthyretin is made up of four identical ”‘““@WWQQW@%
polypeptide chains, each composed of 127 amino
acids. gom o

Jih (59 S (s3e2 g 0 sa g ctransthyretin ¢« JEell Juw e X
0o 0sSh Leie S ¢l (g 3aaate Judla Ax )l (e Transthyretin Frimary st of ranshyetn
AiaV) paleall Ga 127

* The primary structure is like the order of letters in a
very long word. If left to chance, there would be
20'? different ways of making a polypeptide chain

127 amino acids long.

saea 127 e o3 o (Say iy aae dludi oS Ciluea Ui 13
ALl 20127 G o s Sl

* The precise primary structure of a protein is determined not by the random
linking of amino acids, but by inherited genetic information.

o) Lany 4yise) alaa DU ) siad) JLai¥) OBA (e sl Bl Y1 eldl aasd Y
A sall Aiadl il slaall JUA (e oS3
* Primary structure in turn dictates secondary and tertiary structure, due to the
chemical nature of the backbone and the side chains (R groups) of the amino

acids along the polypeptide.
Backbone A ‘LIJLLA.\S.“ 4.n_uj=jl (EEET| (fdl.ﬂlj Lg}ll.\.“ ec.'l.u (e J< L)-‘-‘J)"'u LA}‘}“ ;'-Lul'l SREN]
A Sl AnaY) Galaa DU A Hdal) Judldl

= Regions stabilized by hydrogen bonds between atoms of the polypeptide
backbone.
O A 5o ol 55 0585 Gaob e Al (B Bhliall Gany i (g g0 el (5 glae (2
Anilall Judldl o 50 ) polypeptide V<) 3
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* How do hydrogen bonds between the atoms of the polypeptide?
(s souedl il 5 )ll ) 5S55 as)

v Within the backbone, the oxygen atoms have a partial negative charge, and
the hydrogen atoms attached to the nitrogen have a partial positive so a
hydrogen bond forms between them.

Joath A a5 ) <l )3 Lay Al Ay Aiad (paunsY) ellia « Backbone JI Jals
gy data gy Aoyl ) o oS8 IG5 s ge A . Aad GBS (g 30l

= Individually, these hydrogen bonds are weak, but because they are repeated
many times over a relatively long region of the polypeptide chain, they can
support a particular shape for that part of the protein.

Jsh e Gl e bae Tl g5l o2a SIS oy (S1 Adaia 33 50 Jaal 5 S data g jusgll o) 5 511 e
A 2a g1 (M) Sl (8 s ) S i IS pes e 3 jald Ll i) e dluly
= Main types of secondary structures:
v" Alpha helix: a delicate coil held together by hydrogen bonding between
every fourth amino acid.
Aiel (aleal day )l JS 2 Aia 5 s Tl 5 Aadl 5 i (38l
- Some proteins contain only one alpha helix region, for example:

transthyretin.
transthyretin Jis salpha helix J) i« 2l dahia Je (g 8ia3 Glidi g ll (ang

- Other proteins have multiple stretches of a helix separated by non-helical
regions, for example: hemoglobin.
non ) assila e (3hlis agin duaii glpha helix oo SSI e (s siad il 5l (oany
Omsle sl Jis (helical
- Some fibrous proteins, such as a-keratin, the structural protein of hair,
have the a helix formation over most of their length.

OIS (45 50 Jie (4550 Jsh alaes e Alpha helix hlie aY) cilis g ) as dllia
dll s s s Keratin

A region
of a helix
in transthyretin

Hydrogen bond
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v’ Beta - pleated sheet: two or more segments of the polypeptide chain lying
side by side (called strands) are connected by hydrogen bonds between
parts of the two parallel segments of polypeptide backbone.

Al ae Judla Cpe S0 gl yrialad

Aregion of B pleated sheet in transthyretin -~~~ ___——-=="" )
: . " Ll gy ddacd ¢ Jeatt cia | ) Lis 330adll
Ll e s Ml ol i ) i 3
! B T oy e
i iowort the Crana A ) glall adadll oy dpis g

ﬂ ﬂ 5 backbone JI ke

P e
- B-pleated sheets make up the core of many globular proteins, as is the

case for transthyretin.
transthyretin.Jl 4l Jal) sa LS ¢ dy5 Il g ) (e all s s JSUIS

- B-pleated sheets dominate some fibrous —
proteins, including the silk protein of a L:.pt"‘;"h‘ll;hﬁ
spider’s web. il o

G gl @y 8 Lay ¢ Al i g pall amy (8 3 gt
.uﬁ&’-\\ il gl

= The tertiary structure is the overall (3D) shape of a polypeptide resulting from
interactions between the side chains (R groups) of the various amino acids.
O Ol G gan A e 238y (5315 i) anamd ) (Al D) JSEN g 1 G oLl
A (alead 4 Kal) 48 Lkl Jududl
= Types of interactions that contribute to tertiary structure:
(G Sl 585 A aals il cdlelid) ¢ i)
1. Hydrophobic interactions elall da SISI OBl at)
v As a polypeptide folds into its functional shape, amino acids with

hydrophobic (nonpolar) side chains usually end up in clusters at the core of
the protein, out of contact with water.
2 A “hydrophobic interaction" is actually caused by the exclusion of nonpolar
substances by water molecules.
(b panti Al e Aginall GalaaSU Akl Sl Gl Ll ks o) JSa) 38 agad) sae Aale Caili Laie

Sl ja e Akl e 3 gall e a5 e lall Aa IS Jaal 5 1 8 (L5 (430 J3IAN () Gig ) S e
Ll
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2. Van der Waals: Formed between nonpolar amino acid side chains.
Apadll e Aial) GaleadU 4 ) Judtdl g S35 1ol (5 8

w

Hydrogen bond: Formed between polar amino acid side chains.
Al Aiaey) (mlaa S A STl Judladl (s 0 5S5 g 5 yagll a5

4. lonic bonds between positively and negatively charged side chains.
Ao e Al sy 40 sn i) Al JusSlal) 0 5S35 1408 ) Tl )

Covalent bonds called disulfide bridges may further reinforce the shape of a
protein.

sl USG5 ae s 8 aalud ) dpeabidil) Jal g 51 o) gl aal a g adlid) 4008 Jay )

o

v' Disulfide bridges form where two cysteine monomers, which have
sulfhydryl groups (SH) on their side chains, are brought close together by
the folding the protein.

b SH de sana Ao (5 5ing 3 5 vl el el (e (G pa 5350 (pe ) saaadl 028 () 5SE
le sanall 028 o HlEn avinll pae Alidl Calatll aied (408 Hlal) adlul

v The sulfur of one cysteine bonds to the sulfur of the second and the
disulfide bridge (--S--S-- ) rivets parts of the protein together.

(G a5 5all (e SI B 50 we Y e ghsal (g iy S 83 dagi i

Hydrophobic
interactions and
van der Waals
interactions

Disulfide
bridge

lonic bond

Polypeptide
backbone of
small part of
a protein

2 Tertiary Structure:

Transthyretin
polypeptide
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= Not all proteins have a quaternary structure.

= Quaternary structure arises from association of two or more polypeptides.
Al dode Jedlw e AST ol eptdandin JoLS)! e (2l 1 L) Lais

= For example:
A) Transthyretin consists of four polypeptide e
chains. —_— .

i polypeptide
o Jeew Do @.)1 Y O_ggl_’ Cox @ Transthyretin (wigy @ Jlie subunit :
! o @

: ' Transthyretin

- > protein
st L7 (four identical

. polypeptides)

B) Collagen is a fibrous protein that has three identical helical polypeptides
intertwined into a larger triple helix, giving the long fibers great strength.

&y S e danlelly dilatoll daudl dpde Jedl (po S5 (30 095 (2 (892 1engSJl
B9all dudaay Lao (33
a ", T
Collagen | > -~ T ’
‘5’% e -’

v’ This suits collagen fibers to their function as the girders of connective tissue
in skin, bone, tendons, ligaments, and other body parts. (Collagen accounts
for 40% of the protein in a human body.)

¢ ‘SLL:.'.” ¢ A=l L} ‘ﬂLsaﬂ @MJJ (Uo_)\j.c) 2 d.o.’g_g.,gs u:p-}b&]'l '.._.bjUbj &of;)&.’i_.} M‘ BV

G SlSg Al ganzma 0 %40 Jls> n2Y oSl i) dakizeall gl slizly aasyYl ¢ 5LoY)I

c) Hemoglobin, the oxygen-binding protein of red blood cells, is a globular

protein.

g_“s_gJSLﬁ.ib 4 celpamdl I LIS (§ 59250l onmauSYU Jady G (9 Wl conugle gau

v" It consists of four polypeptide subunits, two of one kind (Alpha) and two of
another kind (Beta).

Ly £95 (oo onidlly Wl 95 oy ot ¢« i Jsdhas 4 (30 (sl sangd! 050

41| Page




v’ Both alpha and beta subunits consist
primarily of alpha-helical secondary
structure.

Alpha helix & e twg Wl Olusg oo S Gl Ll
v" Each subunit has a non-polypeptide
component, called heme, with an iron atom
that binds oxygen.
e Shi AE 095 (o Wildg gyl (e Bug S 9SS
bLsyYI uLc. 8)0ld Wu= 8,3 uls‘- Sy @’Jl_g P_.;é)\ a&w

= Even aslight change in primary structure can affect a protein's shape and
ability to function.

s sl e ayaBg dSa (3 gl oY1 bl e Carale s T 35
= For instance, sickle-cell disease, an inherited blood disorder, is caused by the
substitution of one amino acid (valine) for the normal one (glutamic acid) at
the position of the sixth amino acid in the primary structure of hemoglobin,

the protein that carries oxygen in red blood cells. Due to this substitution,
abnormal  subunits form.

el Jldinl o Lads (@01 481901 padl JSlise d> 529 dudomiall Lo (50 1 elld Jlie
389 (woke sasgll J9Y1 skl (3 (Valine) auedl aasll (Glutamic acid) pealud! gusd)!

28 Ly lusg Lt Joaadl 03 o -slyomd] pudl WIS (3 cpnnanSYI J5 (ye Jgenall ig !
Aaauds

it

= Normal red blood cells are disk-shaped, but in sickle-cell disease, the abnormal
hemoglobin molecules tend to aggregate into chains, deforming some of the
cells into a sickle shape.

28 wske gargll oo dudiall ISIN (250 (§ 0N ¢ (440)8) dnadall slpaxdl pudl LD K 950
(Sl dlmie ey WIS (s S 0gdn las Jusdles paud gzl o (pulal!
= A person with the disease has periodic “sickle-cell crises” when the angular
cells clog tiny blood vessels, impeding blood flow.
e g1 Bglyll LIl el Lo 39l " il LS Lol o0 (5500l liandl paseidl e
,eu\.ﬂ B G Lo ¢ B sl 3::_9.AJJ1
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Primary Secondary and Quaternary

Structure | Tertiary Structures Structure Fumcton act tioad Ell Stapa

1 Normal B subunit Normal Normal hemoglobin proteins do Normal red blood
e hemoglobin not associate with one another; cells are full of
a 7 each carries oxygen. individual
—g‘ 3 6 hemoglobin

( proteins.

4
5 ®s
< 5
1K o
5 8% 9

Sickle-cell B subunit Sickle-cell Hydrophobic interactions between | Fibers of
hemoglobin sickle-cell hemoglobin - abnormal

l proteins lead to their hemoglobin
aggregation deform red
into a fiber; blood cell into

o | Capacity to sickle shape.

carry oxygen
is greatly
reduced.

Sickle-cell hemoglobin
o b W N =

e Protein Denaturation

= Protein structure depends on the physical and chemical conditions of the
protein's environment.

s laomal tagl) 23Sy A58l pasliasd) e ool Sy datn

= |f the pH, salt concentration, temperature, or other aspects of its environment

are altered, the weak chemical bonds and interactions within a protein may be
destroyed, causing the protein to unravel and lose its native shape, a change

called denaturation. Denatured protein is biologically inactive.

Llg )l 08 asg iyl il (DI 1555 (A gamddl d)s Jio Jalgall 0 usl opas )

alSlad diluadg gl UMl ] (6052 e podidlw (gl J1o codlelailly daamsall 45 LuaS!

2& Gl Jaie p& dxloda § (wig )l e Denaturation Wl oda e 3llas Eus LaY!

d.a.“:l.]oy f!L”u'i.H ul.(-‘-_).)@

= Denaturation agents:

a) Most proteins become denatured if they are transferred from an aqueous
environment to a nonpolar solvent, such as ether or chloroform; the
polypeptide chain refolds so that its hydrophobic regions face outward
toward the solvent.
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Ao Ggios Ol J] 4l Sbudl (e s Lie Denaturation! Al Sluig ) elase (o205
d2)8J1 bl iuai) swud! dode dldus LAl slay Cmes ¢« 098991 Jin dadad e luda
() dl goad) el ldg) axlge g

b) chemicals that disrupt the hydrogen bonds, ionic bonds, and disulfide
bridges that maintain a protein’s shape.

S Al 35 gzl ¢ A g1 ¢ Abgzr g yoegl) aslg e e Jan (gl &5l lgal
gl i e
c) Excessive heat, which agitates the polypeptide chain enough to overpower
the weak interactions that stabilize the structure.
e ! o diSal 8)yguas didl e Aladus )3 ASy> 83L) e Jand e 8511 5y =)
SA il § delud (gl ddasall Lyl

2 Why excessively high fevers can be fatal ? <gall J1 bl Lexll (5555 O (S 13L)
Answer: Proteins in the blood tend to denature at very high body
temperatures.

M Aadlyell 8yl lamys wis pldl liady 4 Denaturation ddes gl (s

= Denatured proteins can sometimes return to its functional shape when the
denaturing agent is removed (Sometimes this is not possible: For example, a
fried egg will not become liquefied when placed back into the refrigerator!)

Joladl D] dny adall daisg J] Denaturation JI Ul (o,a5 U1 cnig Al dga O oSaall (10
e Byl 1) s ALl Do) 39 o 5500 Y el Lol ¢ Ll Bodow Y i ) . asanell

= The protein-folding process is not simple. Most proteins probably go through
several intermediate structures on their way to a stable shape.
dulrwy SIS e Oluig Al elaas yo3 G ¢ Alguw ddos Cond (59 I LBlaidlg slghall s O
ed! Sad! ] Jgmo gl gdlas <
= Mis-folding of polypeptides in cells is a serious problem: cystic fibrosis,

Alzheimer's, Parkinson's, and mad cow disease—are associated with an
accumulation of misfolded proteins.
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L § e bl
= Misfolded versions of the transthyretin protein have been implicated in several
diseases, including one form of senile dementia.

02l e dpdall (@ J3ub ol s cardall Transthyretin (e (o G Bas 3929 0] ®
A g3uidl By (250 lgealy
* The method most commonly used to determine the 3-D structure of a protein

is X-ray crystallography, which depends on the diffraction of an X-ray beam by
the atoms of a crystallized molecule. The figure below illustrates how it works.

X-ray (owd diyb il (g Al syl L;)b SSead! doosed) dedsei]| éﬁ\@i BY)
£S5 @b ae g e die dsdl dasdl Blylg 350> e daial &l crystallography
Aa el oda L @5 (N A I Sadl o g G Ly gliie

Diffracted A~
X-rays /R \

X-ray L.
source  X-ray =

beam S
é Crystal Digital detector X-ray diffraction
pattern

= Complementary approaches to understanding protein structure and function:
sl g9 gl S duolyl) dedsiwall (3,001 ye
1) Nuclear magnetic resonance (NMR) spectroscopy 2) Bioinformatics

= The structure of some proteins is difficult to determine for a simple reason: A
significant number of proteins, or regions of proteins, do not have a distinct 3-
D structure until they interact with a target protein or other molecule. Their
flexibility and indefinite structure are important for their function, which may
require binding with different targets at different times.

Y Ol Wl e Glolie o s Al e st cd 1 31l OUBs Al pam St dlyd oy
Oljer qe Jelass of Bagl (g Wl o ,31 890 pe Jelsh (3o L2 duols 43 ML s
s w8 )l gy <ol (§ pgn Jole piay susmall s \hling gy e O Cum ¢ iigp pf (5,5
Aalisee Bl G Oluiz de ae gl
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These proteins, which may account for 20-30% of mammalian proteins, are
called intrinsically disordered proteins.

ool Lgale gllay &lg wloaddl (§ il ) goezma (10 20-30% Jlg> Dliusg Al oda JS43
.Intrinsically disorder proteins

The amino acid sequence of a polypeptide is programmed by a discrete unit of
inheritance known as a gene.

O Byal Bagdas didlyg 8u>g (3, e S Al de dludas (3 diwaY! ol il
Genes consist of DNA, which belongs to the class of compounds called nucleic
acids.

99l (oleaYb Byad BLSyell (e 835 J) el WIIDNA s oo il 05555

Nucleic acids are polymers made of monomers called nucleotides.

I S gl ol Lgide 3l il gige (po d39Sie Wlnandgy duggil) olasYl puial

There are two types of nucleic acids: (L9gdl (o904l tljsi)
1) DNA: deoxyribonucleic acid(DNA).
2) Ribonucleic acid (RNA).

DNA is the genetic material that organisms inherit from their parents.
gl (o 2 U Wi (&1 gl 83l & DNA U
Functions of DNA:
v DNA provides directions for its own replication.
A2ela ddes drg
v DNA also directs RNA synthesis and, through RNA, controls protein
synthesis (this is called gene expression).

. OluGg Al @.L,a.? G {cS.x:.H E;L“leaj RNA J! :..".JU::J} @.L,a.? ddos d>gy
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= Gene expression: DNA = RNA - Protein. WDM

'
1. Transcription: Synthesis of mMRNA from 7
. . hesis of
DNA, which occur in nucleus. RNA 1 the l
nucleus mRNA ’
@ a3 (2lg DNA (o MRNA bos aiuas dudes & gl
B¢l
= CYTOPLASM
2. mRNA leaves the nucleus through nuclear
poreS. mRNA
© Movement of _
gyl Gl b o8 SSIMRNA Jlsigir yoliy  [kiicomsien
3. Translation: synthesis of proteins by © synthess of
information carried by mRNA. This is done Sl
by ribosomes in the cytosol. el

‘_§\” QLoj.h.cJ'l ULC ;U.} Q@jj.dl -~ Y 4““ log * a.o:-ﬂl Polypeptide
Jggilall § Slagusal )l dawlgs MRNA 585> lelosm

= Each chromosome contains one long DNA molecule, usually carrying several
hundred or more genes.

oo AST 9l ol Bue Jozu Lo WLe (slllg DNA U1 3o gl A9 £S5 om0 pgangag,S 5 O9Sh
.l
= Prokaryotic cells lack nuclei but still use mRNA to convey a message from the
DNA to ribosomes and other cellular equipment that translate the coded

information into amino acid sequences.

plascil Gyl e Y1 udd dsvid I35 Y T Y] gl ellind Y (g9l 41y WISI Of e 2,00

oo Al Jl Gloghaall ozl Slogargaly) JI DNA I e Wleglasdl J&3 MRNA 553>

il (olesYl

= Nucleic acids are macromolecules that exist as polymers called polynucleotides
which consist of monomers called nucleotides.

098% S 94398901 e o yord g2 Ko e U196 B S olzar Lggill (olesYI pias
OIS 9 gl (o Dilpogig0 p0
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= Nucleotides consists of a five carbon sugar (Pentose), a nitrogenous base and
one to three phosphate groups.

(Olhwgd Olegazs 3-1 (09 Az Ao Bueld 9 (gwles ;S (po d gl b gl S

= The beginning monomer used to build a polynucleotide has three phosphate
groups, but two are lost during the polymerization process.

% 089 Oliwgd Olegazs 3 oo DIl § W90l de S (3 3 Gl peigall 098k
ol aual ddas U3 oyiie gazen ALl
= A nucleoside consists of a five carbon sugar and a nitrogenous base.
Adigrg A6 BAeB g (ulas [, (1o (39S s guS gl
» Nitrogenous bases:

= They are called nitrogenous bases because the nitrogen atoms tend to take up
H+ from solution, thus acting as bases.

oo Ht GludS) ) Jaad gad cnzg Adl b3 Y @lidg el ligs dudazg Awd) del gl Canans
= There are two families of nitrogenous bases (4duz9 Al delgdll (o cnegd):

a) Pyrimidine: have one six-membered ring of carbon and nitrogen atoms.

Pyrimidines ¥’ Pyrimidines are cytosine (C), thymine (T),
NH- o} o} .
|2 ] I and uracil (U).
éc\ /C\ /CH3 /C\
T T e B0 ul dssls Al y0 Saill e ik (oS
SN TN T e O 95 B>y duusldas O gl oo 1n Uﬁg":’
i H b 9 sedly 09, Sl ol
Cytosine (C)  Thymine (T, in DNA) Uracil (U, in RNA) . l b}‘“ / Ww" / LJ"""'_?J"L‘”J" :ubﬁ
b) Purines: have a six-membered ring fused to Purines 5
q . NH
a five-membered ring. ! : I
N 2 N s
. . . Yantean i\ 4G ONH
v’ Purines are: adenine (A) and guanine (G). HC( I | HC( [ |
- - " - - . . N/C\N’¢CH N/C\N'?C\NH
Aol Al ks dasles dal> e Eoidl 10n 9SS I H 2
-033‘5’.‘”3 03333” :L}bﬁ Adenine (A) Guanine (G)
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= The specific pyrimidines and purines differ in the chemical groups attached to
the rings.

Okl Aaial! ASlasSIl Ole gazall ML L Losd CBlusYl Caliss

= Adenine, guanine, and cytosine are found in both DNA and RNA; thymine is
found only in DNA and uracil only in RNA.

& baid 35290 (peall; RNA JISDNA Ul e (S 3 inewgialedly olgaddly ool slawl Sy
RNA JI 3 1ad3 39290 Jeslygddly ; DNA I

» Types of sugars

= |n DNA - the sugar is deoxyribose. SUGARS
5 5
* In RNA - the sugar is ribose. HOCH, o OH HOCH, o OH
2 The difference between them = “ I
deoxyribose lacks an oxygen atom on the H ol . H o f’OHH
second carbon in the ring, hence the name
Deoxyribose (in DNA) Ribose (in RNA)

deoxyribose.
8)3 e w1 853 U 83t cnamuSY) pogiie (§)gull LSl O 0 Sudl e (gl (3,201
doad| 1A e danl CaadS) Cu Y ‘05) O,

Nucleoside

Nitrogenous
= The nitrogenous base is attached to the 1'C of the sugar. base
= The phosphate group is attached to the 5’C of the sugar. 0 ¢
» At the 3’C, an OH group is attached. _O_ETO_CHZ & .
Phosphate 3
group Sugar

(pentose)

= The linkage of nucleotides into a polynucleotide involves a dehydration
reaction.

= Adjacent nucleotides are joined by a covalent bond called a phosphodiester
bond.

o dasyll @i Euse dehydration reaction Jels ud gdSgudl dode (655 ddas (panas
.phosphodiester bond (e drealud dlasly G5k e §)9laxiall i 5059l
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. . S -phosphate backb
= The nitrogenous bases aren’t part of the polynucleotide s'end / (on blue background)

backbone. The backbone is the repeating unit and it only
includes the sugar and the phosphate groups.

Sl ),Sxall 321 963 backbone JI e Tejar o duiyarg Al el gal
n.”_.!l.e_.w_a.oﬂ Qb}oq:ngjg.m]'l oo dadd Oﬁ
= The phosphodiester bond links between a phosphate

group of one nucleotide and the 3’C of another
nucleotide.

092,531 8)39 il 9.l gl Uy ilawgall de gazee cp daall oda (395G
3V A5 9u50d) 3 03

= Notice that the two free ends of the polymer are distinctly
different from each other.

a) 5' End which consist of a phosphate group.
b) 3' End which consist of an OH group.
a3 ’5 i gl (il guill ke dladas (§ pgran e ralies (8)>) (il D929 LY
.OH JuSg)uud dsgazme (pauald '3 i Llgilly lawgd de gazro
» The direction of polynucleotide synthesis: from 5' = 3' end.

= A new nucleotide can be added only to the 3" end.

3 Dl e dodr AS959.0 A8lsl S 6T 3 Dlgidl 1 5 Dlgdl e Aadad] (9SG oloxsl - m

* A polynucleotide is also called a strand. DNA molecules have two
polynucleotides, or “strands,” that wind around an imaginary axis, forming
a double helix due to hydrogen bonding.

otiledas (30 DNA 2852 S 0550 . dlulus 81 Strand el Polynucleotide S e @lal
Adazgydad Jarlgy IS e pasdl lgiang Oladyi
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* Notice how the two strands of DNA are joined
together by a hydrogen bond. This hydrogen bond
forms between the nitrogenous bases.

diazrgyded algy 3,k (e pandl laguans Ol bl Lasy
Adiuzmg sl e lgall oy Lads

Sugar-phosphate -
backbones

Hydrogen bonds—

* The two strands of the double helix are
complementary, each the predictable counterpart
of the other.

* Adenine base pairs with thymine by two hydrogen
bonds.

* Guanine base pairs with cytosine by three (a) DNA
hydrogen bonds.

3 . 5 Base pair joined
by hydrogen bonding

* This bonding is known as complementary base pairing.
sl A>T (3 OIS gl Judand d8ym0 (S0 3] ¢ paandl Lagaianad) OLleSo DNA JI Whaods
Aoy Asid) Buela)l o Aiprg )dad ]y (395G LSy ol Az ) Bacall (5,391 oy
ool AeSladl (8,391 Al e Lghlie domiw ¢0pial ¢pideadadl dT (e 08T13] (ST . cpanls
dduorg ) Baelall ao dxiuzgyuand Jaslgy D (9SS giSiey (g Ay il Bure &)
Sl (53 Adadl e Lglolie dzin ¢ ¢ien gitian ¢pieadand] U e O8T13] (ST . cun giaas
.Complementary base pair L3I lis e JiS29 ¢ pilg>

= The two strands run in opposite 5’ to 3’ directions from each other; this
arrangement is referred to as antiparallel.

= |fone strand runs from 5’ to 3’, the opposite strand runs from 3’ to 5’.
.antiparallel ewe duolsdl oda e 3las ¢ jaad! logiand OliwSlae DNA JI il

2 DNA is double stranded and it forms a double helix.
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* RNA molecules exist as a single strand.

B3yaie Juodlw S (Je RNA Jl Oloyer axlgil
*» Complementary base pairing can occur, however, between regions of two

RNA molecules or even between two stretches of nucleotides in the same
RNA molecule.

Ot o of el s e 3ol (3 L] dxiumrg Al Aelgdll oo boLS)l oty
."’M.Q.LO:A_“. 3=
* base pairing within an RNA molecule allows it to take on the particular
three-dimensional shape necessary for its function.

Agiaadb g ge Ly pols alal (198 K L) 05S0 Of (e RNA JI Sl S L3I s

* For example, the type of RNA called transfer RNA
(tRNA), which brings amino acids to the ribosome
during the synthesis of a polypeptide. A tRNA
molecule is about 80 nucleotides in length. Its
functional shape results from base pairing between
nucleotides where complementary stretches of the
molecule can run antiparallel to each other.

Joz poiy GUIGTRNA €99 50 RNA JI s(532 edball daus Je =
255201 0950 il dsae Audes (555 Al IS ANl (5 gl
elgdll ¢y bl o Ly sl (36 e(g3ndl S . 39485,5 80 (10
“ Alazrg Al

* |n RNA molecules, Adenine base pairs with Uracil instead of Cytosine.
Remember there’s no cytosine in RNA.

3 Orw g dzg2 Y 3] (s ginnd! pe Yo Uy gl o (3391 L)l dowRNA Jl s3> 3
RNA J! e3>
= RNA doesn’t form a double helix like DNA, it is more variable in shape.
Sy (o pdiag ddxa ad aBls OF 3] «(DNA J! Jis double helix 0355 YRNA JI e$5>
gLy
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Base pair joined
by hydrogen bonding




