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Introduction: Got Lactose?
ST % éQ.JJ N PRI

Most of the world’s population cannot digest milk-based foods
s cads e g sinall aladall acas allall S0 sl adaiogY

= They are lactose intolerant, because they lack the
enzyme lactase

= SO i) e Y ) SN aiad e (e () silag

= This illustrates the importance of biological molecules,
as lactase, to functioning living organisms
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Model of a milk digesting enzyme (Lactase)
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INTRODUCTION TO ORGANIC COMPOUNDS (Mole
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3.1 Life’s molecular diversity is based on the properties of
GRS paillad o 4 gaadl Gl jad) £ o dalay

= Diverse molecules found in cells are composed of carl
bonded to other elements

A paling Lasi 3o g S (e AR 853 o gl Adlil) iy 3l ¢

— Carbon-based molecules are called organic
compounds

A gudant) LS pally () 50 )SI 3 50 Lol 1) Oy 3l e

— By sharing electrons, carbon can bond to four othe
atoms

il 5 Y ands Bak e oA 3wl Bl Y s SN adai
Leax

— By doing so, it can branch in up to four directions

Clala) day )l A gl G g SISl by
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3.1 Life’s molecular diversity is based on the properties of
O3l pailad o 4 gall ey jall g sl adlay

= Methane (CH,) is one of the simplest
organic compounds

Ay guardl LS jall Lol 2al (CH,) o

— Four covalent bonds link four hydrogen atoil
to the carbon atom

5% Aseabod Jadl 5y A b s s puedl e )3 Aag ) dai i

O 52 8

— Each of the four lines in the formula for
methane represents a pair of shared electrc

Oe 50 Olisall drpa 85 g gall Ja sadl) Ay Y (pe JS Jiag g
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Three representations of methane (CH4) ¢l (s Jial 3k

Structural Ball-and-stick Space-fi
formula model mode
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The four single bonds of carbon point to the corners of a tetr:
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3.1 Life’s molecular diversity is based on the properties of
O3l pailad o 4 gall ey jall g sl adlay

= Methane and other compounds composed of ¢
carbon and hydrogen are called hydrocarbon

badd s g5 o (e S (e Al ) LSl g lhsall e IS
Sl g3 S g

— Carbon atoms, with attached hydrogens, can bond
together in chains of various lengths
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Petroleum Js_sd!
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3.1 Life’s molecular diversity is based on the properties of
s S aitad o Ay gal) iy jall g ot ading

= A chain of carbon atoms is called a carbon skeleton
5 A ol (s Sl @l pd Alule
— Carbon skeletons can be branched or unbranched
g Y ) s SU ISl g i, a8

— Therefore, different compounds with the same molecular forr
can be produced
A Sl il by Ailite LS o 1) Sy 1Y
— These structures are called isomers
AL Sl o3 gt —
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Length. Carbon skeletons vary in length.
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Branching. Skeletons may be unbranched or branched.
i jila b gf A ia JSg (50 38 1 g

H HHH H ll‘l H H
H —cL=é—¢— > H H—-C—C=C—C-H
1-Butene%ﬁ3§ -1 2-Bntene 0133-'-"1-2

Double bonds.Skeletons may have double bonds,
which can vary in Iocatlon
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H
H\c -
) c_ C C
I L
c/ H” \c¢ ~
H \c/ \H !
Cyclohexane (Al (lusa Benzene ¢: %

Rings. Skeletons may be arranged in rings.
il b Jsbgl) ABIE 3 3 clila)
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3.2 Characteristic chemical groups help determine the pro

organic compounds
A guanl) LS sal) Ciliia aaal o 3 el dpiliassl) asalaal

= An organic compound has unigue properties ti
depend upon

DA i 3 j8 Qldia (5 guanll S Hall

— The size and shape of the molecule and
PREB-N NS FFEEN
— The groups of atoms (functional groups) attached t
Lo Al (e gl aelanall ) A aalane

= A functional group affects a biological moleci
function in a characteristic way

5 san A8y ylay (5 uall (o jall Adida 5 8 Audula ol) AS ganall
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3.2 Characteristic chemical groups help determine the pro
organic compounds

Iy panl) S pal) Ciliea aas o 5 jaatal) Auiliasl) aalaal

= Compounds containing functional groups are
hydrophilic (water-loving)

slall duaa o) o5 ddla 5 asalae o 4y giaall S

— This means that they are soluble in water, which is
necessary prerequisite for their roles in water-base

e blaizal
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3.2 Characteristic chemical groups help determine the pro
organic compounds

Ay guanl) LS yall Gl paad o 3 jaalial) dgiliassl) asdlaal
= The functional groups are agxlaAll "i;ﬁj\
— Hydroxyl group—consists of a hydrogen bonded to an oxygen
e 5b Jasi pe (g8 e OSE — JpeaS g gl A gana
— Carbonyl group—a carbon linked by a double bond to an oxygen ¢
Al Ayl aaeS 5l 30 Jaie (53 S — Jaiga 811 A gana

— Carboxyl group—consists of a carbon bonded to a hydroxyl group
double-bonded to an oxygen

Al Ayl s dai i 5 LS iS5 el A ganay asi jo (52 S (e Al — JaaS g S h”\?\f
S YL

— Amino group—composed of a nitrogen bonded to two hydrogen at
and a carbon skeleton

38 JSaa 5 a5 oa (J)d Jadi je o g i (e A 5Se — () AS gara

— Phosphate group—consists of a phosphorus atom bonded to four
atoms

OS5l D0 Ar )l Adadi je ) s 58350 (e () SE — Gl g8 A4S gada
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TABLE 3.2

FUNCTIONAL GROUPS OF
ORGANIC COMPOUNDS

Functional Group Examples
Hydroxyl group T T
- T
H H
Alcohol
Carbonyl grou H H H OH
SaR0ny: grove I 1 0 |0
=0 H—C—C—C H=—C——C—H
/’ I 1 Sn I I
H H H H
Aldehyde Ketone
Carboxyl group T /o lo
- COOH H—C—C
'!' N OH \o_
Carboxylic acid lonized
Amino group T /H /H
—NH; H—?—-N\ —‘N\—H
H o H
Amine lonized
Phosphate group (I)' OI- (I)-
—OPO32- Adencsing~— O0—P—0—P—0—P—0"

Methyl group
—CH3
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3.3 Cells make a huge number of large molecules from a si
of small molecules
(A B s 4 gana (B Sl ciliyal) (e Jaga 238 pdaay LA
b yall il jall
= There are four classes of biological molecules

4 gl Gl jall e calial dag ) o

— Carbohydrates g S
— Proteins Gl gyl
— Lipids (Osaall) ol

— Nucleic acids iy 55l aleal)
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3.3 Cells make a huge number of large molecules from a si
of small molecules

(34 B phua A gara (e Bl Gl al) (e Jaga 28 pdeay DA
B _ual) Caliy jad)

= The four classes of biological molecules contain very |
molecules

Tas 35S iy a4y gaadl iy el (e 4o )Y Gilaal)
— They are often called macromolecules because of their larg
Sl Lgpaaad 3 sl Gl jadly sale e

— They are also called polymers because they are made from
identical building blocks strung together

5 58y ASulaia Alilaie Al Cilas 5 (e 40 S i il pad gl Loagl s
— The building blocks are called monomers

Gl e gally clill Clas g e
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3.3 Cells make a huge number of large molecules from a si
of small molecules

(34 B phua A gara (e Bl Gl al) (e Jaga 28 pdeay DA
B _ual) Caliy jad)

= Monomers are linked together to form polymers throu
dehydration reactions, which remove water

= Polymers are broken apart by hydrolysis, the additior
water

(shall Adlialy) Slalad) i gaailly ol yaal sall

= All biological reactions of this sort are mediated by
enzymes, which speed up chemical reactions in cells

e g ) a3 L o st o sl 138 (g A saad) Cllaall 5
" LAY 2 Alasl ek

PLAY  Animation: Polymers
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Dehydration reactions build a polymer chain
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Hydrolysis breaks a polymer chain
el gl dludis Jas slalally o gl

Hydrolysis
slalad) o) ‘gaadll




CARBOHYDRATES
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3.4 Monosaccharides are the simplest carbohyd
< g S o R doalal) al Sl

= Carbohydrates range from small sugar molecL
(monomers) to large polysaccharides

BM\M\QMJMTLM\&Q‘JM}JSM
).\ASJ\ oJJ:._\AJ\ )S\S.uﬂ\ @;} (L_m\‘)mq

— Sugar monomers are monosaccharides, such as
glucose and fructose

O5SOa s 5 lall Jie S &l i e Ge B ke dgalal) aly Sl

— These can be hooked together to form the
polysaccharides

sl by Sl 0 oSl Lgi Lad ol V) S
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3.4 Monosaccharides are the simplest carbohydr
S g3 S Jaa) A dsalal) by Sl

= The carbon skeletons of monosaccharides vary in leng
gl 8 dla¥) SISWl g SISl s

— Glucose and fructose are six carbons long
O30S Gl d ddw H5S gl g HSelall (e IS Jsha aly

— Others have three to seven carbon atoms
OsS Y Aas VAN e (Aala) SIS (ge) DAY Ganall (5 ging

= Monosaccharides are the main fuels for cellular work

18N Jaad i 1) 3585l Aala) SISl

— Monosaccharides are also used as raw materials to manufac
other organic molecules

Al Ay suac 3 ge goiail Hla 3 S Ll alal) SIS a0
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Structures of glucose and fructose
D58 58l 5 S slall S i

0 H
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H—ZCIJ—OH =
HO—C—H HO—C—H
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H—C—OH H—C—OH
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Glucose JsSsil Fructose sS4l

(an aldose i) (a ketose Jsis)
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Three representations of the ring form of gluco:
558 slal) Zalall dinell Jiail 5l 353 L= e

CH,OH
/1"' H /L H <
o wo N\ T on
H OH
Formula, Aructure. o

- - -, - "
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3.5 Cells link two single sugars to form disaccha)
Al S0 ) oSl Lgudary el Sl Jay y LSIAY

= Two monosaccharides (monomers) can bond
form a disaccharide in a dehydration reaction

LSl (amdl Laguansy () sasi 5a) cladlal ol S Jasi 5y (o ¢
A EJJ Je ey l'.'.“m ‘

N

— An example is a glucose monomer bonding to a
fructose monomer to form sucrose, a common
disaccharide

DSl 0 oSl G 9 8l et gan S slall s g dald ) o8 Al Juie
(e 5 S

PLAY  Animation:biscshaies
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Maltose
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Disaccharide formation by a dehydration reactiol
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3.6 CONNECTION: What is high-fructose corn syrup and

blame for obesity?
¢ 430l ABe Al Ja g ¢ S Al e 5 A Gl i g La r Al

= When you drink a soda, you are probably consuming a sweetene
called high-fructose corn syrup (HFCS)

DS Al e A0 ol iy oy ddaa Bala ellging @bl Jaiaall (g 1o geall (o 5

= Because fructose is sweeter than glucose, glucose atoms produc
from starch are rearranged to make the glucose isomer, fructose

Ll i i alay L&l (ge Aaiiall S olall 353 (8 5 S slall (a8 5a ST 53 4l
OS5 Al s 9 W) S sladl ks
— This is used to sweeten sodas

FPWAT R PRFCI PR

— So, if you overconsume sweeteners as well as fat and do not exerci
may experience weight gain

33 ) () s Azl )l o Hladll A jlae (93 G gaall 13S 5 dudaall Bl gall SO BaL ) 8 Jull g

SBY\
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HFCS, a main ingredient of soft drinks and processed
L ginall aledall 5 45 jladl il g pdiall i ) O sSe 53S ) e 3,300

. CARBONATED WATER, HIGH FRUCTOSE
¢+ CORN SYRUP, CARAMEL COLOR,
% PHOSPHORIC ACID, NATURAL
: FLAVORS, CAFFEINE.

{.E;CANNED UNDER AUTHORITY OF THE
: COCA-COLA COMPANY, ATLANTA, GA
:30313. CANNER'S NAME AND ADDRESS

‘jﬁﬂ\@stﬁ\g\ﬁ

"APPEAR ON EACH CAN.

"©2007 THE COCA-COLA
COMPANY

"CONSUMER INFORMATION
CALL 1-800-438-2653 CLASSIC

\Www.coke.com
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3.7 Polysaccharides are long chains of sugar u
Sed) cilaa g e Al gh Sl (e B lke Badaiall il

= Starch is a storage polysaccharide composed of glucose monon
and found in plants

Glall 8 a9 H5S la Ol yaaniga e OS5 (30 aade S (e 3l

= Glycogen is a storage polysaccharide composed of glucose, whi
hydrolyzed by animals when glucose is needed

Jlais e 5sSslall (e Sy (i HA0 daia S (g b slie ) gaal) LAl o) ¢ o8
5Sslall U dalal vie e MR el

= Cellulose is a polymer of glucose that forms plant cell walls
Clilall A& LAY jas 058 s )5S sl a0 e B ke jgd

= Chitin is a polysaccharide used by insects and crustaceans to bt
exoskeleton

Aa Al LISl clil il il 5 ol puial) 4ediind aamie S e 3 le ()
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Polysaccharides 3yl SIS

Starch granules in

T, otato tuber cells C
p ' oaalagl) 45,2 sladl) 33
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—‘ Glycogen granules
in muscle tissue

GLYCOGEN

-
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.
L . CELLULOSE
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D (® QOQ Qou
. === Hydroge|
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77743 Cellulose fibrils in
Wi aplant cell wall

Cellulose

Molecules
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3.8 Fats are lipids that are mostly energy-storage mol
dalal) A Gl A eS L Ll ) @lanll) Cha £ 68 G 9R

= Lipids are water insoluble (hydrophobic, or water fec
compounds that are important in energy storage

Or AT Aala A ¢ (slall A JlS) ol 3 o sdi Yl e o il
3

— They contain twice as much energy as a polysaccharide
adatall HSIS) 833 oo gall ABLL]) Comia e (g gial

= Fats are lipids made from glycerol and fatty acids
saleal s J gl (e 4580 Slanlll e g 53 (o35 803015 ) O]
p-
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3.8 Fats are lipids that are mostly energy-storage mol
dalal) A Gl A eS L Ll ) @lanll) Cha £ 68 G 9R

= Fatty acids link to glycerol by a dehydration
reaction

sladl & 55 Jeldi daul 51 J 5 yualially daall (mlaal) L
— A fat contains one glycerol linked to three fatty acic
Aaiad Galeal &0 hag je Jgpmala Ao paall (g siag

— Fats are often called triglycerides because of their
structure

Sl 1 s A0 il junbially ) gaall cans L sale

PLAY  Aimatonsats
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o @@
CH,

CH, Fatty acid (=22 paa

. A dehydration reaction
¢H2 a fatty acid to glyce
CH, J s pmnbially SJaall (adlal
CH,4 sl & 3 Jeld (31 5k




| | | A fat molecule ma
H—C—C—C-H |glycerol and three f
O O o Jy s (e O 5Sa &

CH; |CH, CH,
CIH2 ?HZ C\Hz
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3.8 Fats are lipids that are mostly energy-storage mol
dalal) A Gl A eS L Ll ) @lanll) Cha £ 68 G 9R

= Some fatty acids contain double bonds
(s8I 0 ) Al ol 5 e Aiaall (aleaY) any

— This causes kinks or bends in the carbon chain because the maxim
number of hydrogen atoms cannot bond to the carbons at the doubl

@L.mu‘}!u.\;j)mgj\ u\Jﬂ‘;ﬁ\ A=) UY uyﬂ\m‘;u\ghm j\ u\.ah;;‘}! Jadqy
Mbﬂ\hb)ﬂ\mu}aﬂbkuJY\

— These compounds are called unsaturated fats because they have
than the maximum number of hydrogens

unjjméjéﬁ‘dlaj\wdﬂ‘ddcésg 5y dasdiall 48 AL LS ) oda e

— Fats with the maximum number of hydrogens are called saturated f

3 O A daal 5 Lgw an 0 ) Arpdiall Gl Con g ouell SN 3l e il aaall e —
(O Sl
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3.9 Phospholipids and steroids are important lipids with ¢
of functions
Badnia LAl g Ledg dalgd) (oAl (e il g it g Ay gdiadll ¢

= Phospholipids are structurally similar to fats and are
important component of all cells
LI Dl Gl Sl e A5 LS 5 B O gaall Ay shedl) il -

— For example, they are a major part of cell membranes, in whi
they cluster into a bilayer of phospholipids

O (e Cinnd L e aenii G Ay Al Lp3e M Gl ) S o JUall G a8
Ay ) sadll

— The hydrophilic heads are in contact with the water of the
environment and the internal part of the cell

ARIA IR el s i) ol dadla oLl duadll Gy 1 S

— The hydrophobic tails band in the center of the bilayer
cpinlall Ja0a ) elall 4a HKU J gadl) as 41
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Section of a phospholipid membrane

Hydrophilic Water W A

=
e

(R B B B B W W W

Water s.a — &




3.9 Phospholipids and steroids are important lipids with a
of functions

Badnia LA g Led g dalgd) (yoadl) e Caldy g i) g Ay ) gdudl) &
= Steroids are lipids composed of fused ring structures
alalaie 408 5 Glala (e 43S 0 e 3le Sl

— Cholesterol is an example of a steroid that plays a significar
in the structure of the cell membrane

lal) clie S 1 8Ll 190 camli 0l g indl QUi g J g b oS0

— In addition, cholesterol is the compound from which we synth
sex hormones

Apaind) LU ge  4a (20 (52l S pall g8 g il SI) L8 il AalaYL
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Cholesterol, a steroid
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Differences in the chemical OH
groups of sex hormones
Ailpassl) asalaall G clEEAY) CH3
Aeinll 2 g g

Estradiol
Jsaal i)

"4
N

HO

OH
CHj

> Testosterone

O O 9 badl)

Male lion




3.10 CONNECTION: Anabolic steroids pose health
dnua Jhlaal 5235 Al ) il g i ; Al A

= Anabolic steroids are synthetic variants of testostero
that can cause a buildup of muscle and bone mass

i ga ) il g Finaiioadill (ge daeliva da 65 (e 3 jle AU (ail) iy,
Fyalaall 5 dlimall ALY Ll oo )5 (5

— They can be sold as prescription drugs and used to treat cert
diseases

833w Ll Y daadle Claia S gL O S

— They may also be abused with serious consequences, such :
damage that can lead to cancer

@3 o) S ) (s ) Jie At 5 il ) LeSleiu) o ga (25 O (Sary S
@)
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3.11 Proteins are essential to the structures ar
functions of life

Lgdillh g 9 4y gaad) sl Al Al i g

= A protein is a polymer built from various
combinations of 20 amino acid monomers

Sl saise 00 20 O B85 (e By el o0 w\x— O

— Proteins have unique structures that are directly re
to their functions
Ll 5 o oo B8 ) 55 i ) i

— Enzymes, proteins that serve as metabolic catalys
regulate the chemical reactions within cells

ukhﬂ\y@dﬂhﬁw?\ﬁ;ﬂheﬁumj}usojm Slay 1Y)
mu\‘_gd)m@d\u\_\mﬁ\
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3.11 Proteins are essential to the structures ar
functions of life
Lehitds g 5 Ag gaad) us) Al Al i g sl
= Structural proteins provide associations between body parts anc
contractile proteins are found within muscle

b 2> 53 Al @) s 5l O Gas 3 ¢ amall o) Ja) (o da 5l dagay Al il .l

)

= Defensive proteins include antibodies of the immune system, an
signal proteins are best exemplified by the hormones

s B LAY il g Jlie jua g ¢ celiall jleall saliaall alualyl dpeldal) cilis 5 5l

<l

= Receptor proteins serve as antenna for outside signals, and tran
proteins carry oxygen

Copyright © 2009 Pearson Education, Inc.




3.12 Proteins are made from amino acids linkec

) peptide bonds
Agdiiiy oyl g 3 dadi 3 Al palaal (e cilisigall &
= Amino acids, the building blocks of proteins, |
an amino group and a carboxyl group

Ol A sana Lol g ¢ g oall Al las ) e Agiaal) (ala

JS 51 S 4e g

— Both of these are covalently bonded to a central ce
atom

408 30 0908 3% Leald LaadIS i

— Also bonded to the central carbon is a hydrogen at
and some other chemical group symbolized by R

e A ALasS aaalaay (g 3,3 (S all (5 S L@I\?‘Mﬁ
—_—
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General structure of an amino acid

i) (maall alall (uS Sl
" O
H /
\N C/
H/ \OH
Amino R Carboxyl
Group group

L2 sk
9?"“ _9’""}:_"_ eSS As gaa
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3.12 Proteins are made from amino acids linkec

) peptide bonds
A Jaal g 3 Jadi 5 Al paalaal) (pe i gl O

= Amino acids are classified as hydrophobic or
hydrophilic

— Some amino acids have a nonpolar R group and a
hydrophobic

— Others have a polar R group and are hydrophilic, v
means they easily dissolve in aqueous solutions

el (ol ¢ elall dma lldy 8 g dpkid R de gane A (el elliag Loy
Al el 8 A gy
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Examples of amino acids with hydrophobic and hydrophilic R ¢
dphd e o4l R sl 1) eV (alaa DU 4]

/ \
CH; CH,
Leucine (Leu)
Cyea sl
Hydrophobic stall 4a s

H H
H O H
V/
\N C/ \N
H/ \OH H/
(|3H2 CH,
OH C
/ N\
Serine (Ser) 0
G Aspartic acic
i ) G

Hydrophilic stall 4:as




3.12 Proteins are made from amino acids linkec
) peptide bonds
Agaiiiy oyl g 3 dadi 3 Al palaal (e il g all

®w e L 4

= Amino acid monomers are linked together to form
polymeric proteins

A1 g g adrie ol palia ) oS Lguany ApiaeY) ialaalY) <ol pasi ga
— This is accomplished by an enzyme-mediated dehydration re
ey ) Aal g oLl @ 33 Jelél 3y sk (e 138 Caaay

— This links the carboxyl group of one amino acid to the amino
of the next amino acid

°)r‘-‘u—""‘°y\UAAAJUJ‘?\%}M@JA\UMM})S\%WLJJMLUA\&}
— The covalent linkage resulting is called a peptide bond
doasinl) dday) il @3 e Al dsaaboall Aoyl I aod —
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Peptide bond formation
il ddayl Gl (0 4S5

Peptide
Carboxyl Amino Asdiiay, 4
gglig $ada uﬁ’sr&‘ifu Dehydration
reaction H H O

Wl g 3 Jelds N |l
N il 2ol el N—C—C—1
M O%@ @O TN
Amlno aC|d Amlno acid

R
i) e sl aea Dipep




3.13 A protein’s specific shape determines its fun
Al (i g oad) Al g aa

= A polypeptide chain contains hundreds or
thousands of amino acids linked by peptide ba

AaiaY) (alaal¥) Gl o clie e adill aae Al o
i Jayl 5 5 Al

— The amino acid sequence causes the polypeptide
assume a particular shape

Aae JE Al vae Mu\uﬁwy\ saaat) Jualod oy

— The shape of a protein determines its specific func
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Space-filling model of lys
sl Jlaall o 3320 21 3




3.14 A protein’s shape depends on four levels of stru
S A (e Sl gl dag ) (Ao (i gyl S Ay

= A protein can have four levels of structure

S il el sine Ay gl S o ¢

— Primary structure Y
— Secondary structure g4l o
— Tertiary structure Al o

— Quaternary structure =Ll @

Copyright © 2009 Pearson Education, Inc.




3.14 A protein’s shape depends on four levels of stru
S A (e Sl gl dag ) (Ao (i gyl S Ay

= The primary structure of a protein is its unique aminc
sequence

Arael) (alea¥) e 258 Julisi (e 5 jle Gigall (Y cu

— The correct amino acid sequence is determined by the cell’s
genetic information

A 5l A8 1 e slaally 4l (alaa M asiall Juaaill sas,

— The slightest change in this sequence affects the protein’s at
function

Jedisl) \&@ﬂ@h&kﬁe\ﬁﬂ\&uﬁjﬂ\ajmﬂm
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= Phe

Pri truct Aminp aciqls
rimary structure Ll ke

Y s il
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3.14 A protein’s shape depends on four levels of stru
Mﬂ\wuﬁw‘\uﬂ&&wgﬂ\d&um

* Protein secondary structure results from coil
or folding of the polypeptide

i) aamia o gl calally oy sl (g oA s A

— Colling results in a helical structure called an alph:z
helix

L g 3ty el 5 3lall (o il CaliIY) Adee e ety
— Folding may lead to a structure called a pleated sl
Ay shal) daghually o S i ) ) (g2 28

— Coiling and folding result from hydrogen bonding betwe
certain areas of the polypeptide chain

AMALLGSMJMOLMUMMJJL@J\LAUJ\ UJS.\UAGH\}LJMY\C_\.\.\ —_
Al
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Amino acids 4wl jalaal

Hydrogen bond
Al g Jayl g

“w

Alpha helix
Wi el 4 sha dasia

Secondary structure (s sl cus sl
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3.14 A protein’s shape depends on four levels of stru
Mﬂ\wuﬁw‘\uﬂ&&wgﬂ\d&um

= The overall three-dimensional shape of a prote
called its tertiary structure

) S L gl alaa¥) DN Jali) JSEl G

— Tertiary structure generally results from interaction:
between the R groups of the various amino acids

R @A\AA O 4.\];\33\ ke Ll B YIS M U_J\J\ c_uS).d\ \.uu.\
Al Auney) aleadd

— Disulfide bridges are covalent bonds that further
strengthen the protein’s shape

JEL 3 68 (he 2y 3 dpealidi dasl 5 ) (A (A arhy Sl AL gua ellia g
@j\_\x\dn<}b\n)‘)ﬂ\
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Globular Polypeptide
(single subunit

of transthyretin)
4y 981 culagiad) dantia

Q&M\Jﬂhﬁ%ﬁﬁﬁh} ]
( ) Tertiary structure
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3.14 A protein’s shape depends on four levels of stru
S Al G Gl s Al Ao (g ) JSG dalny

= Two or more polypeptide chains (subunits) associate providing
quaternary structure

a)&gm\jigym\@gﬁgij\gmw(:\_p)éa\hj))'zsijd_mxu
G gl (Sl

— Collagen is an example of a protein with quaternary structure
=l AuS 5 (A Gl Jle s D S

— Its triple helix gives great strength to connective tissue, bone, tendo
ligaments

dday Y1 U5V 5 allaall g daliall LoDl Al 38 DAl 459 3la  any
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Polypeptide chain (alpha helix)
(W o) i) aamia dluda

& s Ol
Cilaa g GO A8 (ot
e Aol (e 4

Collagenis a
fibrous protein
with helical

_ _ 5 g 5 b
s_,ubunlts Intervylnd O9ta A Lgda g
into a larger triple LU () Lgudany

helix, this Agigila Bas g 45 g%
arrangement gives o A skl LY
5.gall A

the long fibers
great strength

Triple helix
N A g3t

Collagen fiber
Gaadd gsll Adyt




Transthyretin, with
four identical globular
polypeptide subunits

4o B Claa g gl (ol ) A1)
o) daeta (e dlfilaia 4y g S

” e

Quaternary structure

Copyrignt © 2000 Padracn Ecucalion, ne ‘ ‘ Lot ‘
2 ) s Al
-

Transthyretin:
A plasma protein consisting of 127 amino acids that binds retinol and
D Ot ] 1)
S 9 Y aa J oy ) Jay  a gl g el (laan 127 (e (9Sg La Bl cilifig s (s




Four Levels of Protein Structure
093‘ S A (pa Gl gl 2o )

Primary structure
B9¥) s il

Hydrogen bond
A g b Dl g

Secondary structure
¢ S s il

. Alpha helix " | Pleated sheet
o Wogss 0 Lghedada

Globular Polypeptide .

Tertiary structure  (Single subunit
A s ) of transthyretin)
) g g8 i) aantia
Bajde 4 B Bany)
(BB

Transthyretin, with "
four identical globular
polypeptide subunits
lan gl (e gl G iead] Al
Clasiual) adeia pa Alilaiall 4 g <Y dse Al

Quaternary structure
= qus A
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3.13 A protein’s specific shape determines its fun
Al (i g ol Al g daas

= |f for some reason a protein’s shape is altered
can no longer function

aigls g &Y (a5 D b e Y sl JKE

— Denaturation will cause polypeptide chains to unr:
and lose their shape and, thus, their function

M.\.L:j é\;ﬂh} 15 Cy)ad g \.3'?3.33‘\ hr= aluls Ja 2 éu.d\ iy

— Proteins can be denatured by changes in salt
concentration and pH

Ao sandl gl da glall 3 53 8 Ol a5l ey 8
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3.16 Nucleic acids are information-rich polymers of nu

il glaally Aial) i oS ol (o &l jalea (oA Ay il

= DNA (deoxyribonucleic acid) and RNA (ribonucleic
acid) are composed of monomers called nucleotides

paan ) Ul 5 (oS ) g g iall 6 9sil) am ol plaea ) Lall (g OS¢
S 918 gily e o praise e (98 O
— Nucleotides have three parts
o) ol G (e 55 IS sl (S5
— Afive-carbon sugar called ribose in RNA and deoxyribose in
Lall & CamnsS sV £ 5 e s W UM (3 5sm il (camn 00 SU oiled S
— A phosphate group  liusd de sans

— Anitrogenous base = s sl
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nucleotide, consisting of a phosphate group, sugar, and a nitroger
Aia g yRi ey Sy Cild b Ao sene (pe O5STHg 1 5210 51S il

H

H
SN

0-
H

0=t 8 CH, Nitrogenous
(o) base

_(adenine)

Phosphate H H “-\-\Auu; Bacld
Group (Cria)

Sugar




©:0

I i E n Dehydratlon “
H ydrolysis
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3.16 Nucleic acids are information-rich polymers of nu

il glrally Aial) a5l galll (ha il jalia (A Ay g il

= DNA nitrogenous bases are adenine (A), thym
(T), cytosine (C), and guanine (G)

Cms sl 5 (T) Gpaddl 5 (A) C2Y1 (o8 i 5 3l Ll
(C)sENEY

— RNA also has A, C, and G, but instead of T, it has
(U)

oo Y (U) dawd ) se 403 0835 (G) 5 (C) 5 (A) sl 51 L \ZJ)\
7
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3.16 Nucleic acids are information-rich polymers of nu

il glaally Aial) <l € oail) (e &l jalsa (A Ay il

= A nucleic acid polymer, a polynucleotide, form
from the nucleotide monomers when the
phosphate of one nucleotide bonds to the sug:
the next nucleotide

u,gg_q\g_ﬁj_ds}uj\ JJ:JA}Q L.,Sm L“g))ﬂ\ u'a.a;j\ JALAU
Y Clin gl de gane ol Eua 58 IS o3 G e
A 508 Sl Sy il 5

— The result is a repeating sugar-phosphate backbor
with protruding nitrogenous bases

A g il

Copyright © 2009 Pearson Education, Inc.




— Nucleotide 5s glS 5

A
e

|
Sugar-phosphate backbone | Part of a polynuc
SSeally il g8l) Adag) ;5 ) S JSa IS 5l gadl) damia
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3.16 Nucleic acids are information-rich polymers of nu

il glaally Ail) il al€ 5ail) (ra & jalaa (A dygeill

= Two polynucleotide strands wrap around each other to form a DN
double helix

Z 93l Ual) ¢ g 3ia U oS Laguiany (Jsa il 6l onil) amia (g0 e

— The two strands are associated because particular bases always hy
bond to one another

Apma 43y yhay ae ) gdll G Jay 55 s 953 Jail ) 2 sa o) Legauiany Uaadl Jasi
— A pairs with T, and C pairs with G, producing base pairs

La gl 35 b e il il sadly Cpmnn sl 1385 AY) Ladl) e Gaalily el aal e (sl dasi
il 1 e Lactd

= RNA is usually a single polynucleotide strand
ol gl gl daria (pe faad s Ul ULl o oS0 L
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Base pair
é&u GJJ

DNA doub




3.16 Nucleic acids are information-rich polymers of nu

il glaally Aial) <l o0€ oail) (e &l jalsa A Ay il

= A particular nucleotide sequence that can instruct the
formation of a polypeptide is called a gene

deﬁmﬁc}‘)d\éum&m)‘ﬁﬁd@&\uj‘w‘wst

ol

— Most DNA molecules consist of millions of base pairs and,
consequently, many genes

Cliad) (e el UL 5 Lac B 2155V Gudla (e Lall iy s adara () S5

— These genes, many of which are unique to the species, dete
the structure of proteins and, thus, life’s structures and functi

UL s G gl S 55 (LAY (52 o) s aal 4y 35 Lgia dpaell) Ciliadl s 223
4 saad) ailda ll 5 ass) il
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3.17 EVOLUTION CONNECTION: Lactose tolerance is :
/ ; ~event in human evolution
b Uan i gy ) Y)Y ¢Sy 5 55O acan e 308 1 &y
i) ghas

= Mutations are alterations in bases or the sequence of bases
DNA

Lladud gl Ball ae) g8 b il s o B e &l
= Lactose tolerance is the result of mutations
Q\JﬁhL@.ﬁMﬁJJ’.\SM\M&Q 5_yaal) il

— In many people, the gene that dictates lactose utilization is turr
in adulthood

OV sluay Latie (ulil) (pa pinl) B 5SS Jalay cilgun s haa) 8 Jianall ol Jhany
£ oL

— Apparently, mutations occurred over time that prevented the g
from turning off

alat e Yyl Jardd )l @ jib cdiaa Lagy ¢ (a3l e e

— This is an excellent example of human evolution
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You should now be able to & L Jad e o)1 a8 o9
1. Discuss the importance of carbon to life’s molecular diver
A geal) Al el g g5 8 ¢ se SI Apaal

2. Describe the chemical groups that are important to life
slall Aalel) Ailasl) auclaal

3. Explain how a cell can make a variety of large molecules
a small set of molecules

Gl jall (e 3 pira de gana (pe B Sl Gl el e 22T AN aniial 48K

4. Define monosaccharides, disaccharides, and polysaccha
and explain their functions

Ledilha g = e Bl g ALl 5 Aala) SIS

5. Define lipids, phospholipids, and steroids and explain the
functions

el g = 5l e Dl g i) 5 4y ) sdudll () saall g Caladl)
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You should now be able to i Le Jad Ao ¥ 1 a8 (68

6. Describe the chemical structure of proteins a
their importance to cells

LA Lgisaal g cilisi 5 ull Alaesll S gl C

/. Describe the chemical structure of nucleic ac
and how they relate to inheritance

230550 gi8he 5 4y 5 i) (amlea M Alesll Ca sl ¢
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