
Chapter 5
Molecules of life 



Most macro molecules are polymers 
→

Biochemistry
organism)system/ organ 7 tissues> C) organelle molecules.

Four main Macro Molecules 8---they have unique proporties
↓

- Carbohydrates
↳pinme. because of its orderly

- Proteins arrangement of their atoms.

- Nucleicacids yNubi,e

- lipids --
-

Most not all

CarbohydratesJ all are polyra
>

Noteg-

Lipids are not polymer Macro & Note 28-

polymer- s ,= 0-0-0-0

↳ It is monomer
Micro

monomer ->s,-
O

&



 is a long molecule consisting of many similar or identical building blocks linked by covalent bonds, much as 
a train consists of a chain of boxcars

The repeating units that serve as the building blocks of a polymer are smaller molecules

 Note 
In addition to forming polymers, some monomers have functions of their own.

Concept 5. 18-Macromolecules arepolymers ,
built from

monomers
.-

polymer

monomer
↑

Macro molecules- are huge size

↳ chair like molecules.



Note
Each class of polymer is made upof 
a different typeof monomers
, But the chemical mechanisms are 
the same which done by the cell

The condensation reaction happen when two 
molecules are connected covelantly together 
with losing smaller molecules -→ like 
dehydration reaction

SiND

*Synthesis and breaking down polymers:-
[Dehydration] -> occurs when two monomers bonds together through

the loss of water molecule.
&o hipolymerization

monomer o monomer =
monomer monomer J.% byS

vo Los Do not -of0

=No Enzyme Polymer -.s S
11620 i

2

monomersd

↳ are specialized macro molecules that seedup chemical reactions.

[Pydrolysis] ->When polymers are disassembled to monomers

= facilitate

&↳waterbreakage)
a reaction is essentially the reverse of dehydration reaction.

= monomer
monger monymany to o/ - off

so It is a type of condensi reaction.
Enzyme -

Example Spolymer is!

QQQQO
Deo He Ne 4 ,

0

no . 120 = -+1-1





-viilisincludes
sugars and polymers ofsugars

sis Carbohydrat
-> Giving a structural support + building blocks l

·noCs

IThe monomers of Carbohydrates:- monohydro↳- monosaccharides sas-

↳theSimplestSugar/simplest carbohydratea # no. of Cs 7/3 jecio's

C =0
-> Bresufex :↳ raw material for building molecules

I (Aldose) like glucose tri
,

tetra
, Penta

,
hexa oC=0 ->

I

the location of the Carbonel Group Ketose/Pertose/5-·hydrelydeni
C-ol the classifying by

↑

igd

C-oll

=0

-> (Kefose)- De fructose formula-CuldenOnC-OH

·

-

Example of monosaccharides- Glucose
/ Cli20s

· linerEas Cyclic
Old · in agenous solutions

L2
> Fructose , 15I l · more

Stable

! the most commons
Galactose(s)



a

.jo
,
jo

↑ S

2: Disaccharides -

Enzyme > &b Sigh

↳ is formed when a dehydration i d Y
si &i j

&

reaction joins two monosaccharides.
120

between C-CnGlycosideL

↑ Biivis
&

Examples of Disaccharides:-
o

glycosidi,
rigi

Maltose Glucose-Glucose isis

Sucrose Glucose
- fructosea/sase

↑ lactose Glucose-Galactose
is

The difference between L B:
&

Later: It is the cause

behind thedifference in structure

between glucose and cellulose



3 : Polysaccharides
polymers of suga

↓ have a storage and structural roles.
.inte sand · jo

->
it's sugar monomers

-> the function ofpolysaccharides determined, by
the position of its glycosidic linkage

storage Starch -

↑

↳An inpabranched(a+4)

> Amylopectin GoAlco, Glucos,Glucosal
branched (4) Carbonelandag

Glucose Glucos
,GlucosGlucosGlusa peen

storag Glycogen issivi
&

GlucosGlucsa

·GlucosGlucs Storage p
laces Why it is extensively branched ?

GlucoseGlucos, Glucos,GlucosClose

·GlucosGlucosGlucosalus
in liver and Must

↳ to provide alotof ends able

Glucose Glucos
,GlucosGlucosGlucosGlucoseGlucos, GlucosGlucosClass E =

to hydrolysis and dehydration
anextensively branched (x



-[ Cellulose
structureI Cell wall of plants↳ rigid-

↳ humans and most animals can't digest it.
↳ because we lack to enzymes can breakBrands Examples of organisms can digest

Cellulose8-
↳ Themost abundant component on earth ↳ prokaryotes and protists in Caw's gut

india Cj

-=8 Tidi The
unbranched

Glucose Glucose Glucose Glucose Glucose

CableLiea symbiotic relationship

hydrogen
·

vi 111 ↳ some fungi
&

-

bonds Glucose Glucose Glucose Glucose Glucose = Fibers · cellulose
enzymes & cellulose sii, gig

V V · I
M

occur between parallel monomers B => The difference betweenL/B :-

-
L -with hydroxyls unbreakablebond ----- E

very strong bond.

microfibrila
# the structure of cellulose differ from otherpolymers
↳ because the position of hydroxyl group of

↳ distinct 3D Shap

in the glucose ring other bellow or above

↳ so the glycosidic bond will form as Boond not a it give the cellulosedistant 3D shape a



S

dructures
Chitin
↳ rigid not normal glucose

the "modified Nitrogen containone
monomer

s
W
↓ N

Group

B bonds

↳It found in -> the cell wall of Fungi -ite-arthropod's exo Skeleton
-

to protect the soft
. body

↳ Surgical threads car decompose by it self-

& Flexible
↳ stretchable

FMP-Chitin is decomposed using
different

enzymes called -> chitinase
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-

from Karam Darweesh Lecture a

&



waxes
Pigments.Lipidso #why are lipids are excluded from macromolecules

-> large Molecules ,
but not big enough to be consider ↳ because

, lipids are not large enough.as macromolecules

-> not polymers.
-> lipids don't have true polymers.

-> all Lipids are hydrophobic -no afinity to water

↳ This behavior based on lipids' structure " Carbonate "

-> lipids consist hydrocarbon regions
.

all single bonds easy
to arrange

- FattyAcid S .

Carboxylicada

"
no &

solid =>
two types
-

saturated

carboxe ↓
-

group
&

ina double bond: "Sir1,
L Liquid

Grou kink

inhardto avragealink
↳ Strait and un-branched.

affect the consistency& occurrence

inbendingsolid/ liquid ↓
↳ Itis too longCarboliclic accid /16-18) Carbon if it naturally happened -> cis bond

~if it happened by human -> transbond



-
Fat orOil

o
[TAG]

EsterlinkageHeO triacylglycerol/triglyceride
C-old voce c-o-im

1620
&

I
i

nom cro-m
Coll

1620 Il I im
-"Sigis C-old If

cu C - o-
could by the same

glycerol statty acids
or different kinds

&

according to

Carbonechowitthe to each one function longtermenergy /Isolatio
no

-of Carbons .

type of Fatty acid
I two types of fats Ig sugar-> 4 Cal

(saturated/unsaturated) 13 -

↓
at least I double bord Solid -

↳[in -C Skeleton . Liquid
iiessWill

,

·Bejg9 it,

111 "The Trans fat" "Adipose Tissues i

·

saturated fatty acids
whaled

falty acid unsat liquid- hydrogenations
·

They are packed - Saturated fat unsaturated fat-unpacked fats.

&Is better for health ⑭. trans.
without kinkSemistid j'kisi/sdI S1/fatts of fishes. ↑↑ cardiovascular disease

Lard . f



->
choline or other groups

* Phospholipids functions -

the major constituent of cell membranes. -> hydrophilic face the
agree solution

·- i 00 inside and outside the cell

· -

choline

opyacid
6 & S-hydrophobic tails .

phosphate Group. ambivalent behavior

hydrophobic-- to water
· helyophilite the Phosphate has the negative charge of the all

↳It towards the interior of bilayer

↳ It found in the cell membrans
PL bilayer
S

& &

↓D
with water. it found in Plasma membrane and internal membrane

↳ hydrophobic and hydrophilic in the

same time- > it will self asemmble into double layers sheet.



Steroids are lipids characterized by a carbon skeleton consisting of four 
fused rings. Different steroids are distinguished by the particular chemical 
groups attached to this ensemble of rings.

# Steroids

-

Cholesterol Plasma
.

↳
,

it is a part of every animal
sett membrane

↳ increasing the risk of cardiovascular disease.

↳ serve as precursor to form hormones.

Examples-> shormones (notall hormons are steroids (

It is synbraised in liver

->

high se of cholester base

otheroscurs



-



Proteins
=↳unlimitedfunctions,unlimita struca

↳ most diverse.

some types:-
I- Transportproteins. - transporting substances
i cell membrane.

~ ↳
a protein transport molecules through the cell membrane.

0 . On

Ab -> the iron-containing of vertebrate blood- transport oxygen from lungs to other parts of body
.·

I Themoglobin storage
of on

2- Enzyme protein Catalyst speed up

=> selective acceleration of chemical reaction it called chemical agents
1

+ B
-

A- B ↳ because enzymes can perform its function

Enzyme
Ex : Digestive enzyme over and over again

Such as

Maltose-Catalyze (Maltose-1110-2glucose)



3- Defensive proteins
->Protection against disease

·
antibodies-> inactivate viruses and bacteria

y- Storage of Amino beids proteins
↑

->
humans don't have this type ofi milk protein - the major source of amino acids for baby mummla proteins.

i
·

->
Seeds of Plants - storage proteins .

transport- --

·

Egg -Qualbumin is the protein of egg while used as a source of amino acids for developing embargo in

5-Hormonal proteins
-> coordination of an organism's activities.

receptors..
Insulin- hormone is secreted by pancreas.

↳ cause other tissue to take
up glucosee.

↳
regulating blood sugar concentration.



-Receptorproteins :-
↳ Response of cell to chemical stimuli

Receptors built into the membrane of nerve cell detect signaling
molecules released by other nerve cells,

7- Contraction proteins :-
↳ function

- movement

-
->=

-> Myosin and Actin are responsible about the contraction of muscles

·- 45

=> Motor proteins are responsible about the undulation of cita and flagin



7-structural proteins :-
↳ function - support.

Ex-heratin - It is the protein of hair, horns, feathers andsin
&↳

Insects and spiders use silk fibers to make their cocoons and webss .

Collagen and elastin proteins. provide fibrous framework in animal connective tissues- &.Isa%
.

!

itis

strength

so

M



~

&

=> proteins structureo
amino
↑

acidsprotein is a polymer

paypepti · and it's monomer are the amino acids . Corganic molecule

~ protein (functional)
-is⑤
N-c-

C >) AminoAcids
S protein s , polypeptide ncis

,
de

L

C

L

&is o carboca backbonepolypeptidesin jetric Carbon II
-groub

-

protein JosS,It+ +,
asy NH-C-C-Ol ·&24

↓ Exis
Alc Gly Phe

jasai side chain

d⑳
2 J

↳
asymetric>& Polar hydrophilic non .Polar hydrophobic proteini~

·igas ja jan125 -v

non charged charged O
-

S - i #

A Proteins are unbranched - 5

Base Sadic
A the classification of amino acids depends onside chain

full name. #There is a huge noofaminoacids

# the
naming of amino acidsI S letters abbreviation butt Just 20 minacidos areeucedivinonsur propetein↳ I letter abbreviation ·



R-side chains, ,1sI' sin

Non-polar
Polar-=Polar hydrophobic

hydrophilicin

vingchain liner

charged No charge Slide chain

but
we have -St

slightlylightly
Positive Negative

Basics Acids
Amino groub , 8, Carboxylgroup 18.. Nightlypositive slightlynegative

sidechain 11 is Side Chain 11 is
- &

S carboxya

2igChatGPT !



&

# Building a protein : - If you were asked about the no · of 1620

that are released-
peptideNI

,
Ad Yo PN AA no. bond - no . 120 = no . amino acids -1

dehydration
-

U
termiA -

-

- Cool

:glivly Peptide Bond. C-terminus .

Every specific polypeptide has a unique linear sequence
of amino acids.

# the functiondepends on 3d shaped shape depends on AA sequence

u g ---

↑

space filling Ribbon wire frame

-

the
sequence

of amino acids -> defairmine the
3D shape of proteins the function of proteins -> depends on theability torecognisesthe 3D shape structure-> determine how

the protein works



&

Protein structure :- determine
↳ There are 4 stages of structures:- thesequence

determinethenot s the function
the proteins. of the protein

Primary - the Sequence of 11

Example from the book

amino
T-G-Y-A=B-c -- encoded by genes transthyretin -> blood protein/theroids hormone

Tarboxel ↳ transport Vitamin A

end . ↳ It made up from 4 polypeptide
secondary -

the local shapes each one is formed from
127 amino acid

between every

↳drogenbundmind S
where are hydrogen bonds between /05/159 in the backbone of amino secondarystructure

S Chi,Bheet

&
&

.

i
, i

acids which work to fix and stabilis the Secondarystructure of the protein- on globular as or faibrous proteins

Xhelix Coils Bosheets . j IMP
proteins like spider's web

folds .

-

↓ Note -> H-bonds

Tertiary :- covalent (disulfide Brid verystrongto :&
occurred between

-> ->

↳ 3d shape/the overall shape of proteins a various types of bonds > noncovalent Ionic Bonds + -

I hydrophobic bonds backbones together Chains together↳ -> ↓
↑

hydrogen bonds . 5 St
,

van der waals.
in secondary tritary/Quatermany

warThere are bonds between aboms in R-chains in the aminoca us8, sijas08
Edicisin hydrogen bonds inhelix

which work to fix the tertiaryshape of the protein -

between16-4)(2-5)13-7)

*the bonds between (R-chains) are found only inTertiary and quartermany structures.

Quaternary-
not all proteins have the quaternary

-

2 because if formed from One Sub unit
. quaternary

1 subunit

&



# Example of proteins
- Quaternary 895 collagen -> Quaternary structuralprotein

Hemoglobins_ His a

glob
Iron

aledhem0.

-
4 subunits

↳ fibrous protein tubular structure ,

ap standa helix

·a ↳ 3 identical polypeptide coils like a rope
Oz ↳ accounts to 40% proteins in humans body

.
Protein of hair /2 Keration)- has many a helices so do the silk hair

#Noted- fibrous proteins has
many B sheets

⑳ there are a hydrophobic core in all proteins .



What determines the structure?

translated

· to
I convertedaerogenmus

·competea
enetic

the backbone
TurBlcovelantI not corelanbondsg information bonds between

between R-chains ofproteins.

primaryprotein
=>

secondary Tertiarystructure

⑧ Conditions :-
structurerotein

-atemp Solar s
play a role/affecting factor in manufacturing proteins structures

one single change in the primary structure may affect the structure and the function ·
-

Blog28Example of disease : ·is Alzheimers:
36#herated - in

herated disease
Sickle Cell Anemia & Di · Parkinson 3 misfolded protein

normal
thenormal n gene -> primary- secondaryatertiary - quandary hemoglobine-carryogenMod

one

process ,
normal normal normal

un normal change in change change
&

process
.Igene mychangeo Cheeg i

3 -
thecapacity to any osandGlue Valine ↓ sickle shape

the shapeiormed
.

I -



denaturation renaturation
55]me ③ &is o ) anychange in conditions can cause a denaturation to the protein
5. %.

1 some not all proteins are able to renaturate when the conditions returns

loss of normal structure.
-

normalagain
(function(

&

↳ it
may happen if the protein is placed in polar solvent

↳
biologically inactive

↑

how we study the 3d Shape

-> X-ray Crystallography --- xyz!

-> Nuclear magnetic Resonance spectroscopy-" iss
-> Crystallization
-

Bioinformatics- prediction protein structure from amino acid
sequences

.

M



Nucleic Acids

=upThe geness consist of DNA which belongs to Nucleicsaida

DNA has the codes which determine the
consequence

of amino acids in the
primary

structure of proteins.

codes-> Proteins remorphological qualities &gene=Aprotein
↳ functional proteins.

Wehave two types of Nudeic acids=-> Deoxyribonucleic acids /DNA
↳ Ribonucleic acids . (RNA)

Note :- DNA provides directions for its own replication
also it direct RNA synthasis·



- gane expression
"

transcriptionmRNA
·

DNA M

and *
↳ know it in general

-

Genes are inherited from theparents and eachIchromosome contain one long DNA molecule
, usually

carrying hundreds of genes.



Nucleic Acids called "polynucleotide's "polymer
------

↳ the monomer from the Book- They differ in the

nucleotide -chemical
groups attached to the ring

* NB
& Bone

Back
·
↳ a fine carbon Sugar ↳Pyrimidiness Purines- --+-8

Ps

Y
· NB

AG"
cytosine uracil Thynine Adenine Guanine

32

Phosphate /Pentosels Nitrogenousa &
diminis

group ·i-Six

Nucleoside- without phosphate. # Pentose
C

Nucleotide .

I
~

RNA 0.

°

_
u

A
as sing

-

C2



Thepolynucleotide
Send p

NB GRNA
IN DNA

Deoxy ribose
↳
mostly single

phosphodiester,is ↳ lacks an oxygen atom

dehydrationOn
a

&

· On the second carbon in the in
-592 - MRNA 8

i
jP

NB

=> Double helix

-

&ameno tRNA

p - c

1 ↳ 1
.

50

·

IRN Hand

dehydration DNA replication. C--E- G

P
NB

=> "Anti-Parallel" A --- U
N be It only found in RNA

5- 3phosphodiester,is
3-58 joi

dehydrationOn
to

hydrogen bonds

NB A...↑ found only
P in DNa

i & G...... C
1

· En

send


