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Biological Molecules
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INTRODUCTION TO ORGANIC COMPOUNDS (Molecules)
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3.1 Life’s molecular diversity is based on the properties of carbon
GRS pailad o 4y gall Gl jad) £ s Al

» Organic compounds: Carbon-based molecules
C5S B3 sl AN i sal) sl gdaad) S pall

» Methane (CH,) is one of the simplest organic compounds .
A4y guanl) QLS pal) By} aa) (CH,) sl >

Structural formula  Ball-and-stick model  gpace-filling model
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The four single bonds of carbon point to the corners of a tetrahedron.
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Life’s molecular diversity is based on the properties of carbon
O8RSl paillad o 4y gall Gy jadl £ 680 Adday

»  Hydrocarbons compounds composed of only carbon and

hydrogen : Methane
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» Carbon atoms, with attached hydrogens, can bond together in chains of various lengths
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» Carbon skeleton: A chain of carbon atoms
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3.1 Life’s molecular diversity is based on the properties of carbon
GRS pallad o 45 gall Qliyjall £ 48 ey

— Carbon skeletons can be branched or unbranched

&8 Y 9l g, SIl JSugll €580 28 —

— Therefore, different compounds with the same molecular formula
can be produced
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— These structures are called isomers
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Length. Carbon skeletons vary in length.
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Variations in
carbon skeletons
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Branching. Skeletons may be unbranched or branched.
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Double bonds.Skeletons may have double bonds,
which can vary in location.
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Rings. Skeletons may be arranged in rings.
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> Properties of organic compound depend upon the size and shape of the
molecule and the groups of atoms (functional groups) attached to it
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» A functional group affects a biological molecule’s function in a characteristic
way
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» Compounds containing functional groups are hydrophilic
(water-loving) )
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3.2 Characteristic chemical groups help determine the properties of
organic compounds
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— This means that they are soluble in water, which is a
necessary prerequisite for their roles in water-based life
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» Hydroxyl group—consists of a hydrogen bonded to an oxygen
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» Carbonyl group —a carbon linked by a double bond to an oxygen atom
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» Carboxyl group — consists of a carbon bonded to a hydroxyl group and
double-bonded to an oxygen
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» Amino group — composed of a nitrogen bonded to two hydrogen
atoms and a carbon skeleton
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» Phosphate group — consists of a phosphorus atom bonded to
four oxygen atoms
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TABLE 3.2 FUNCTIONAL GROUPS OF
ORGANIC COMPOUNDS
Functional Group Examples
Hydroxyl group H H
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3.3 Cells make a huge number of large molecules from a small set
of small molecules
(4 B a4 gara (Bl iy jal) (e Jiga 28 ey LAY o 68
b surual) &ilis jal)
= There are four classes of biological molecules
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— Carbohydrates oD, ,SUI
— Proteins <l
— Lipids (Ue@1) lawll

— Nucleic acids d,99i| _olo> VI
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3.3 Cells make a huge number of large molecules from a small set
of small molecules
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= The four classes of biological molecules contain very large
molecules

> 6,8 ol dadl ol o de,V BluoYl Jouis =

— They are often called macromolecules because of their large size

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

b8 dSuwlaio dblaio dsly 1a>9 o wigSe LY Chuadodl Gal Lows -

— The building blocks are called monomers

Shuowgall clidl wla>9  ouwi —
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3.3 Cells make a huge number of large molecules from a small set
of small molecules
Cra B iua A gana (3a B sl iy Jad) (e Jage 230 adiiay LAY a g
d_ytad) il sl
= Monomers are linked together to form polymers through
dehydration reactions, which remove water

= Polymers are broken apart by hydrolysis, the addition of
water

(elaJl @8LioL,) Blall 9l daailly ool J=is
= All biological reactions of this sort are mediated by
enzymes, which speed up chemical reactions in cells

LI 8 asbasIl oNelaill o g aw

PLAY  Animation: Polymers
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Dehydration reactions build a polymer chain
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Hydrolysis breaks a polymer chain
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Hydrolysis
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3.11 Proteins are essential to the structures and
functions of life

Ll g 9 4 gaad) ) Al Al il gyl

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

oo 20 Gu (99lgi o in sedgs C 6 il -
o NN ARSI St

— Proteins have unique structures that are directly related
to their functions

g8509 o waswliss 81058 w1 ol e -

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

I L S RS
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3.11 Proteins are essential to the structures and
functions of life
Wit g 5 4q gaad) as) il Aally Cilis g )
= Structural proteins provide associations between body parts and
contractile proteins are found within muscle

Sliso il ol > (S« sl elsz] Gu lay )l dogey dslidl Clisel poss
oMasll (8 1>gi awolasVl

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

oo Jlio 539 « eliall 5l 65Laall pluxVl delBal olso,ll Jouis =
Olgo el 9 o)LV
= Receptor proteins serve as antenna for outside signals, and transport
proteins carry oxygen
Oliwg pll o939 « dx )l Chlb)W ) leuwiuwl (9,85 dhdimall Cligll Josi =
xS 9V o, alsll
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3.12 Proteins are made from amino acids linked by
peptide bonds
doadiig Jay) gy das 3 Aiia) Gaalaa) fpe culis g gal) o oSS

Amino acids, the building blocks of proteins, have
an amino group and a carboxyl group

les « Lol asldl olasell (& wyluobyl -
J.uuf_g.;_)f a.C_g.o..>.o_9 UA.OI d.C_g.o..>.o

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

&350 0915 6% hadlus LadVS lag, —

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

awlouS guol209 u>9)u® 65 S5Sadl e ,SIL LaJIJau_,J —
LQJJ'DJ-‘LS.)->|
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General structure of an amino acid
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3.12 Proteins are made from amino acids linked by

peptide bonds
doadiig Jay) gy das 3 Aiia) Gaalaa) fpe culis g gal) o oSS

= Amino acids are classified as hydrophobic or
hydrophilic
clol) d209 a5 J| duwoVl [olo>Vl puuss =

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

Wiy (D9 duld e R dcgozo damoll Jolo>Vl jasy clliai —
cLo.U&.ED_)lS

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

cclall dxo Wiy D9 dulad R dcgazo 3V Lamdl dliay lai, —
asloll JJxall (8 doguy L9k Ll sl
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Examples of amino acids with hydrophoblc and hydrophilic R groups
Gl ye g anlad R@A\A.aubww Ualaa S At
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Leucine (Leu)
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Hydrophobic stall 4a s

Serine (Ser)
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Aspartic acid (Asp)
Ao ) aaa

Hydrophilic stall 4as
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3.12 Proteins are made from amino acids linked by
peptide bonds
Ay Jay) 9 3 da i Agiaal Galea) (e i gl ¢ 9S50
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= Amino acid monomers are linked together to form
polymeric proteins

6332i0 Ololo oS lgaey duoIl (ol VIl ologses log i
A 9 p

— This is accomplished by an enzyme-mediated dehydration reaction
duoy 5| dbolwg, clall g5 Jelas b oo 3@ oy —

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

U;oy|d£_9.o.>,mu;w|uan.>JJ;mS_94Jﬁ|d£_9mbUmlwuo|@ —
oolts oVl oo

— The covalent linkage resulting is called a peptide bond
ay il dlay | JL s o axslll awdlwil day )l ouws  —
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Peptide bond formation
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Peptide bond
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3.13 A protein’s specific shape determines its function
Sy (i g yal) Adalh g daas

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

LolasVl BV g1 wlis e sl 1ac il soi
duasin ulg p alaioll duodl

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

S il ae s ol 9 awinoVl Gaos Yl Juubus cuiis —

D R0

— The shape of a protein determines its specific function
@, Ao Bl aiadby opuigll JSb dax -
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Space-filling model of lysozyme
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3.14 A protein’s shape depends on four levels of structure
S Al (e b glena dag ) (Ao (g pd) JSG Adliny

= A protein can have four levels of structure

WSl o Slgims a2l gl weSu ol Sa

— Primary structure IV S il
— Secondary structure Sos Wl S il
— Tertiary structure W Sl
— Quaternary structure bl sl
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3.14 A protein’s shape depends on four levels of structure
S Al (e b glena dag ) (Ao (g pd) JSG Adliny

= The primary structure of a protein is its unique amino acid
sequence

dgisodl Jola> Yl o 359 Jubus € 8)ke g ll IOV uSLyill

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

o3l dglell wlogleally duwoVl Lolam>W auall Juubuidl daxiy -

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

bl | 13D 3 e85 ol aianlog, plall e (941 6508 Lils -
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3.14 A protein’s shape depends on four levels of structure
S Al (e b glena dag ) (Ao (g pd) JSG Adliny

= Protein secondary structure results from coiling or
folding of the polypeptide

il sasio o 9l Bladly il Sel (Sl iy =

— Coiling results in a helical structure called an alpha helix
Ll o9l sounall (gl cusS,il Blad¥l dldac e pi —
— Folding may lead to a structure called a pleated sheet

dglaoll daually ouy Sy JI o)l o5 29 —

— Caoaliling and folding result from hydrogen bonding between
certain areas of the polypeptide chain

63320 bolio o dwi>9,)ugll Lulg I eSS mﬁbjbdww 3 -
s masm >m 1
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Hydrogen bond
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Alpha helix Pleated sheet
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Secondary structure ¢l qus 3
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3.14 A protein’s shape depends on four levels of structure
S Al (e b glena dag ) (Ao (g pd) JSG Adliny

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

AW S50l gl sl NI Jolidl JSidl b2y

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

o0 o @l 1l oMelad] o dole daa (W oSl Lis, —
dalizall dnwVl o>V R

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

,_,JJLJIa.uSJJngdIJL;JI
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Globular Polypeptide| |
(single subunit

of transthyretin)
dg g SN cufaginnl) aaetia

(O il 211 5.3 ke 4o b S5 ) |
Tertiary structure
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3.14 A protein’s shape depends on four levels of structure
S Al (e Sl glea dan ) (Ao (g ) JSG Ay

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

ol sl lguS 5 9 @9 riwdll 33250 (yo (@9 wla>9 ) ST of b 12w =
o9l el cusall 45650 (WU
— Collagen is an example of a protein with quaternary structure
Sl S (9 Lwig il Jlo o8 VeIl -

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

alay V9 ,L9Vlg plaelly dolia)l axuwsW alil® 699 Wl awigjl> Llae, —
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Polypeptide chain (alpha helix)
(Ll o9;51>) aiad| daxio dluwlw

Collagen is a
fibrous protein
with helical
subunits Interwind
Into a larger triple
helix, this
arrangement gives
the long fibers
great strength
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Triple helix
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Transthyretin, with
four identical globular
polypeptide subunits

Ao B Glaa g als O el )
Colafiand) dawta fpa Alilata dg g S

Quaternary structure
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Transthyretin:
A plasma protein consisting of 127 amino acids that binds retinol and thyroxine
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Four Levels of Protein Structure
g el S A (e il glaa &)

R . P18

Primary structure

VI sl

Hydrogen bond
Al g Byl

Secondary structure
Soill sl

Alpha helix
C Wi g

Globular Polypeptide™. /

Tertiary structure (?ingle shubunit)
HIH]! il of transthyretin
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(0 i 0
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Transthyretin, with <
four identical globular
polypeptide subunits
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Quaternary structure
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3.13 A protein’s specific shape determines its function
Sy (g yal) Adulh g daas

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

OlayY 538 ld Old caw Y gl S jui o)
ieulbg

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

SWLy sty ulag99 il vac ddw J> 9 dawall Cawiy —
aisulb g

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