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Biology course

* The chemicals of life. Water and its properties. Biological molecules: carbohydrates.

.H, Biomolecules. Lipids: cholesterol, Proteins, nucleic acids Nuclei acid: DNA and RNA
structure. Examples of proteins. Biomolecules as nutrients.

'H' Cell structure. Prokaryotic and eukaryotic cells. Cell organelles
'H' Cell structure. Different organelles, protein trafficking

.H. Cell membranes and transport. Structure of membranes. Features of the fluid mosaic
model. Transport across cell membranes.

* Cell division. Mitosis and Meiosis. DNA replication

* Cell biology and microscopy. Laboratory safety rules. Chemical safety. Light and
electron microscopy. The concept of mole

LAB: Introduction to a scientific lab. Description of common lab instruments. Use of
light microscope. Observation of a fresh preparation of onion cells. Preparation of 1M
solution of sodium chloride.

* Inheritance and mendelian genetics.
* Nucleic acids and protein synthesis.
LAB: DNA extraction from strawberries
* Revision of all the topics.
TEST (multiple choice questions)



Biology course

* Molecular genetics. Trancription and translation
* Genetic technology. Gene cloning and protein expression. Agarose gel electrophoresis. PCR. CRISPR technology
* Microorganisms. Bacteria, Viruses, Protozoa and Fungi. How to grow bacteria

LAB: Growing bacteria. Preparation of nutrient agar plates. Inoculation of bacteria

LAB: Analysis of the plates after overnight incubation. description of different types of bacteria. Observation of
different preparation of protists (Amoeba, Paramecium, Euglena) with light microscope. Observation of pond water
samples with light microscope.

* Multicellularity. Tissues and organs
* Digestive system. Anatomy and physiology. Importance of liver and pancreas in glucose homeostasis.
* Circulatory system. Anatomy and physiology.

LAB: Dissection of a chicken to identify the different organs of the digestive system, circulatory system, scheletric
system and muscular system.

* Circulatory system. Blood test. Blood composition. Different cells in blood
* Respiratory system. Anatomy and physiology.

Energy metabolism in living organism. Energy flow and biological significance of photosynthesis, glycolisis,
fermentation and aerobic respiration. The importance of ATP.

* Nervous system. Anatomy. Neurons and signal trasmission Neurotrasmitter release.
* Biodiversity and classification
FINAL TEST (multichoice questions)



Biomolecules



The chemicals of life

What are we made of?

71N

WATER NUCLEIC ACID
PROTEINS (DNA and RNA)
CARBOHYDRATES FATS
MINERAL
SALTS

—— Most of our bodies are made up of WATER (about 60%)

- QOur cells also contain carbohydrates, proteins, fats and
nucleic acid. Each of them is vital for life



Water

. Three quarters of our planet is covered by
water. Earth is the blue (water) planet

Water is a polar molecule

Water is a Polar Molecule
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Water

. Water is an excellent solvent for ions and polar molecules

% .
Q Chloride ion

@ sodiumion

L

{a) Sodium ion
dissolved in water

Sodium chloride crystal

{b) Chioride ion
dissolved in water



Water

. Polar molecules are soluble in water
. Non-polar molecules are insoluble in water

/

N
Nonpolar molecules group

s N ,
Polar molecules dissolve together in water because
in water because they the water molecules form

[Water is polar.) form hydrogen bonds hydrogen bonds with
wnth water molecules. | one another.
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(A) Hydrophilic (B) Hydrophobic




Water as a transport medium

Inside every living organism metabolic reactions can only
take place if the chemicals are dissolved in water. Water is
the most important solvent, if the cells dry out the reactions
stop and the organism dies

. Plasma, the liquid part of the blood, contains a lot of water

where many substances like glucose, are transported.

In the alimentary canal water is required for dissolving
enzymes and nutrients.

. The kidneys remove the waste product (urea) from our body

dissolving it in water (and forming urine).



Important chemical properties

. Cohesion: attraction between molecules of the same
substance.

Water is cohesive because the H-bonds hold the molecules
together.

. Adhesion: attraction between molecules of water and
different molecules

Adhesion

Cohesion Adhesion

< Polar or Charged Object >



Important chemical properties

. Cohesion results in Surface tension: a measure of the
strength of water's surface

Surface Tension

e Surface tension is the force
of the hydrogen bonds in
water along the surface of
the water. The hydrogen
bonds on the top of the
water are linked together
like the ropes of a net.
Some animals can distribute
their weight properly and
walk in to of the hydrogen
bonds without breaking
them like some water
insects.




Surface tension




IMPORTANT BIOLOGICAL PROPERTIES OF
WATER

. Adhesion+ Cohesion------ Capillary action
Capillary action forces water to move high into
trees

Adhesion
o R,

Direction

‘/‘t"p 4 ‘ s e 4
movement'
> .
o e~ SN

of water
Cohesion

Adhesion > Cohesion




The four most common elements In

ELEMENT

Oxygen
Carbon
Hydrogen
Nitrogen
Calcium
Phosphorus
Potassium
Sodium
Chlorine
Magnesium
Sulfur

iron

lodine

living organisms

% OF TOTAL BODY WEIGHT

65.0

18.6 These four elements make up

9.7 76.5% of your body weight.

3.2

1.8

1.0

g"z‘ Organic molecules

0.2 always contain carbon
0.1 and hydrogen
0.05

0.03
0.03.



The chemicals of life: Biomolecules

Lipids (or
Carbohydrates fats)
(sugars)
/ Nucleic acid

Proteins -_Biomolecules  (DNAand RNA)

Vitamins and
hormones



Biomolecules are macromolecules

Macromolecules
* Monomers= single units

* Polymer= many
monomers bound
together

* Monomers, the single
units, are polymerized
(joined together) to form
a polymer




Biomolecules: Monomers and polymers

Monomers are joined together by
polymers

(a) Condensation

H 4 Monomer — OH H 4 Monomer —OH H —

PHZO <

Monomer

— OH

Monomer (—H Monomer — OH H —

Monomer

—OH

P Hzo

H 4 Monomer

| —

Monomer H Monomer — OH

® 2001 Sinauver Associates, Inc.

to form

Two
molecules
react with
each other
with the
concurrent
loss of a
molecule of
water



Biomolecules: Monomers and polymers

Hydrolysis reactions break polymers into monomers

(b) Hydrolysis

H 4 Monomer [ Monomer —H Monomer — OH Hyd rOIySIS
adds a
< water
molecule to
H 4 Monomer -~OH H —Monomer — Monomer — OH break a
bond

H —/Monomer — OH H — Monomer — OH H —/Monomer — OH

® 2001 Sinauver Associates, Inc.



Biomolecules

Biomolecule

Elements/Chemica
| Formula

Function

Monomer/Polymer

Examples

Other

Carbon, Hydrogen,

Main source of

Monomer = sugar or

Glucose, fructose,

Carbohydrates | Oxygen energy monosaccharide galactose
C.H,,0. = glucose Polymer = starch or | Sugar, starch
-end in -ose polysaccharide (potatoes, pasta,
etc.)
Proteins Carbon, Hydrogen, *control rate of Monomer = amino Meat, poultry,

*one of the most

Oxygen and Nitrogen

chemical reactions
through ENZYMES

acids

eggs, beans, soy,
nuts, peanut

important butter, enzymes
Biomolecules *Bones and muscles | Polymer =
protein/polypeptide
*Nitrogen *transport things in chain
makes it and out of cells
different
Nucleic Acids | Carbon, Hydrogen, Monomer = DNA = "
Oxygen, Nitrogen *stores and nucleotide deoxyribonucleic

*phosphorus | and Phosphorus transmits genetic acid
makes it information Polymer = nucleic RNA = ribonucleic
different acid (DNA) acid =
Lipids Primarily Carbon and | *stores energy and Fats, oils, waxes,
Hydrogen make up biological Made up of 3 Fatty membranes
*no true membranes and Acids and 1 glycercol

nolvmers

waternroof coverinas




Carbohydrates




Simple Carb vs. Complex Carb Structures:

mono-, di- and oliogosaccharides as well as polysaccharides

Simple Complex

Monosaccharides  Diaccharides Polysaccharides
& = $
Glucose Maltose Starches
Fructose Lactose Fibers
Galactose Sucrose Glycogen

www.bodybuilding.com/carbstructure




GOOD

COMPLEX CARBS

HIGH IN FIBER
METABOLISM BOOSTER
FEEL FULLER, LONGER

FOOD EXAMPLES

WHOLE GRAIN BREAD
BROWN RICE
QUINOA
BEANS
NUTS / SEEDS
ODATMEAL
FRUITS
SWEET POTATO
VEGETABLES

BAD
SIMPLE CARBS

LOW IN FIBER/NUTRIENTS
EMPTY CALS TURN TO FAT
FEEL TIRED

FOOD EXAMPLES

WHITE BREAD
SUGAR, BROWN/WHITE
FRUIT JUICES
WHITE RICE
MUFFINS
CANDY
COOKIES
PRETZELS/CHIPS
SUGARY CEREALS




HELPFUL CA‘RBOHYIA)RATE GUIDE

)

GOOD CARB EXAMPLES

Fresh Fruits
Fresh Vegetables
Legumes
Beans

eas

entils
Whole Grains
brown rice
quinoa
pure oats
Pumpkin Seeds
chia seeds
sunflower seeds
sweet potatoes
potatoes
walnuts
peanuts
almonds
macadamia nuts
hazelnuts

WHY?

High fiber
Natural sugars
Low glycemic
Low insulin levels
Slow digestion
Prolonged energy
Keeps you full
longer

Help with weight
loss

&®

BAD CARB EXAMPLES

Fruit Juices
Soda or Pop
Cookies
pastries

cakes

White bread
white crackers
Regular pasta
Chocolates and
any other candy
lce cream
frozen yogurt
any other frozen
sweel treat
Potato chips
French fries

WHY?

Low fiber
Refined/Processed
Fast Digestion
Hunger comes quicker
Energy levels deplete
quicker

Added sugars

High insulin levels
High glycemic

Carbs convert into fat
cells

Causes weight gain




Simple and complex carbohydrates




Biomolecules: Carbohydrates

Chemical
composition:
C,HO

Carbohydrates (sugars)

N

Simple sugars

/N

Monosaccharides Disaccharides

N

Ribose Glucose hﬂaacltg:g
Fructose Sucrose

Galactose

Complex sugars

Polysaccharides

Starch
Cellulose
Glycogen



Biomolecules: Simple carbohydrates
Disaccharides

Monosaccharides Disaccharides

glucose maltose
fructose sucrose

galactose lactose




Biomolecules: complex carbohydrates




Biomolecules: Carbohydrates

0 Carbohydrates o
OH OH
OH
i 2 e 0 H,OH
OH OH

monosaccharkde (glucose) HOCH, ci)H

disaccharide (sucrose)

Complex Carbohydrates

H,OH H,OH H,OH H,OH
0 o 0 0
- OH OH OH OH
0 0 O Q
OH OH OH OH

solvsacchande



Biomolecules: Carbohydrates

Polysaccharides are polymers of monosaccharides

Storage Structural

|

Cellulose (fiber)

Starch in plants

Chitin

Glycogen in animals




Starch in plants

Starch: is a polymer of alpha-glucose and it is a mixture of two different
polysaccharides: amylose and amylopectin

Amylose long unbranched chain of glucose

Starch < Hnits

Amylopectin highly branched chain of glucose
units

2
e

Amylopectin

Amylose



AMYLOSE

AMYLOPECTIN

Stains deep blue with Jodine
Relative molecular mass up to 50 000
Up 10 300 glucose units/molecules
Unbranched helical chain

STRUCTURE OF MOLECULE

w-glucose molecules

cu,&n CH,OH CH,OM
o 0
o 0

1-4 GLYCOSIDIC BOND

Linear
molecule

Amylose helix
{6 glucose
units In each
tum)

M, OM
o

Stains red to purple with lodine
Relative molecular mass up to 500 000
13001600 glucose units/molecules
Branched chain

STRUCTURE OF MOLECULE A

HyOH | CH,OM CH,OH  a-glucose molecules
0 Q o
0 )-oK__% 1-6 GLYCOSIDIC
BOND
CH,0H CH,OH cH, CH,OM
0 0 0 o
o ° :

| ——

1-4 GLYCOSIDIC BOND

Branched molecule



Starch grains in raw potatoes




Biomolecules: Carbohydrates
Polysaccharides

Glycogen

Storage form of glucose in \
animals. Hydrolysis of glycogen H@X

releases glucose when the e

demand of sugar increases, T Z

providing energy. iﬁ}
Glycogen helps maintaining Q

glucose blood concentration

constant, by releasing sugar in S é:o%ooaoodj&
O

the blood stream if needed. If .
there is too much sugar in the

blood, some of the glucose can o SEp
be converted back to glycogen

to save for later




Biomolecules: Carbohydrates
Polisaccharides: Cellulose

HOH,C HOH,C

(o) HO OH lo)
A Ve Vi A Ve
HO HO H
OH . 0H > (o) (o)
Cellulose

(B-1,4 linkages)

Cellulose is a polymer of

HOH,C o
o beta-glucose
(0] OHO 3
OH HO
HOH ,C HO
HO OH
o
. Starch and Glycogen ™
(x-1,4 linkages)
» 2007 W,H,Hcll:‘rn‘m: -::d' (‘;21‘[)::”'7 . -
Amylose 0 e S
\‘0 : O oooC L/
0
OO
(J &
e
..”.’.:
()
%0
& oS
@,
. 0 &
Amylopectin 0 N

Starch Glycogen Cellulose (fiber)



CELLULOSE

- makes up 50% of the plant cell wall
- about 2000 chains mass together to form microfibrils,
which are visible under an electron microscope




Types of Complex Carbohydrates

» Cellulose - known as fiber in the diet

> Provides bulk in food - good for digestive
functioning

- Cannot be a food source for humans like it is
for cows or termites since humans lack the T
digestive enzymes needed to digest e

- Forms rigid structure of plants - strings in
celery and membranes surrounding kernels of
__corn are largely made up of cellulose. =




Chitin

. - Found in arthropod exoskeletons and fungal cell
walls

. - Long chains of beta-glucose, but on each monomer
the OH-group is substituted by a nitrogenous group
(NHCOCH3)

Exoskeleton

Chitin is a major component of
the exoskeleton of insects that

helps in protecting their delicate
soft tissues.






Lipids

. Lipids are a very varied group of chemicals

. They are all organic molecules that are
insoluble in water

. The most familiar lipids are fats and oils

. Fats are solid at room temperature, while oils
are liquid



Major Classes of Lipids

Storage = = l
lipids embrane lipids (polar)

(neutral)

Phospholipids Glycolipids

I 1 | |
| Triacylglycerols | |Glycerophospholipids| | Sphingolipids | | Sphingolipids | | Galactolipids (sulfolipids)|

B - Fatty acid 3 Fatty acid g I @ | B - Fatty acid
: : g g :
g - Fatty acid _§~ Fatty acid g Fatty acid g Fatty acid 2 Fatty acid
-~ ¥ ;§' f‘y‘ Mono- or = Mono- or
—l Fatty acid o P04 = A|C0h0| o P04 Choline oligosaccharid disaccharid (504)

Figure 10-7
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H.Freeman and Company



Biomolecules: Lipids

Fatty acid

HO 0
N
Saturated
Fatty Acid H=B-H

H-g-1 Palmitic
I B
H acid

H=E-H Unsaturated

n-g-y Fatty Acid
H=E-H
H=E-H
H=E-H
H=E-H
H=E-H
H—
> H
H H
H
Y -H
H=E-H
H=E-H
H=E-H

H=E-H Linoleic
H-9—H  acid
H

=

Tvpe of F

AYPe Ol

Saturated None
Monounsaturated One /\=/\/\
Polyunsaturated Multiple (>1) /\_/\_/\

Saturated Fatty acid
+ Containonly single C-C bonds
¢+ Closely packed
+ Strong attractions between chains
* High melting points

+ Solids at room temperature

Unsaturated Fatty acid

+ Containone or more double C=C
bonds

* Nonlinear chains do not allow
molecules to pack closely

» Few interactions between chains
* Low melting points
+ Liquids at room temperature




Saturated fatty acid/unsaturated
fatty acid

saturated fatty acid

\,\\’\ N
\*\\'E L.C=C, ¢ A
\‘\\'\\ ‘C—C'C‘ a0 Tl }
W ORLCrR W | e A i
‘¢C \ “Y\ H F‘C Y] H |
O:C’c’\ ‘\,\\’\ double H/y l\’C\C'
iy e — VH g s

(c) Oil (unsaturated): Fatty acids
that contain double bonds
between one or more pairs
of carbon atoms

{b) Hard fat (saturated): Fatty
acids with single bonds
between all carbon pairs



Saturated fatty acid/unsaturated
fatty acid

Saturated Fat vs. Unsaturated Fat



”

American American
Heart | Stroke

Association | Association.
life is why~

THE GOOD, THE BAD & THE UGLY

Monounsaturated & Saturated Fats Hydrogenated Oils

Polyunsaturated Fats & Trans Fats

¢ Can lower bad ch

olesterol levels
. - of heart dis

American Heart Association

S amney Eat a healthy dietary pattern that:

Includes Limits
good fats saturated fats

Keeps trans fats as
| LOW as possible

For more information, go to heart.org/fats

CR016, American Heart Association 11716088520



Biomolecules: Lipids
Triglycerides

Triacylglycerol (triglyceride)

" Ester bonds
|
CH—OH  CH—0—C :
— B Y i ™~ LB & -
o - Fatty acid
n r
CH,—OH CH—0—C A~ oo | — Fatty acid
Glycerol Triacyglycerol

Timberlake, General, Organic, and Biological Chemistry. Copyright © Pearson Education Inc., publishing as Benjamin Cummings

Triacylglycerol: Energy storage in adipocytes as fat droplets

Fats are good insulator against cold temperatures in animals that live in
the cold or hybernate.



Roles of triglycerides

- Lipids contain twice the enrgy
content as carbohydrates

- Lipids are insoluble, some
plants have a waxy cuticle to keep out the water
from leaves

- Fats are good insulators to retain
heat

- Fats are often stored around
internal organs to protect them



Biomolecules: Lipids

Phospholipids

Structure of a Phospholipid
0 H
Il |
R—0—P—0—C—H
I

0-
Phosphate Group Fatty Acid Tails
O H T H H H I? H
sl | | | |
Sy s HcHecHecHCcHEAHCHEAH
e bl el el el
CATATASHERENE ] o
H H H H H H H H
Ester
Linkage (") H T I'Il l;l I? T H
I |
—=C—=0 HecHecHeHecHeEHCHEAH
L AN NANASNANAN
: HEREAEAEATAT ] E
H H H H H H H H

Glycerol Head
Hydrophilic Hydrophiobic

- = “‘-\.\‘
l/ Polar ' (Phosphate-

\_head  containing)

Fatty acid
tail

(nonpolar
tail)



Phospholipid
Structure

Polar head

Biomolecules: Lipids
Phospholipids

N

4* Polar

— Hydrophilic

| Glycerol &

phosphate

} Head ’ Tails ‘

Nonpolar

Hydrophobic

2 Fatty acids




Biomolecules: Lipids
Phospholipids

Cell membranes are composed of a phospholipid bilayer

Phospholipids are
arranged in 2 layers
(bilayer)

Polar
head

They arrange

themselves so that
the hydrophobic

& (@) Chemical structure of a tails face away from

phospholipid
water

Phosphate group Polar  Nonpolar Polar
heads tails heads

Bilayer is held
together by weak
hydrophobic
interactions

Polar head Nonpolar tails

(b) Simplified way to draw a phospholipid

Cell membrane . The Iipid bi|ayel' iS
flexible but strong




Biomolecules: Lipids
Glicolipids

‘They differ from phospholipids in | Sugar e
hat glycolipids have a sugar, such Hydm

1s glucose or galactose, instead of
he phosphate-containing head.

‘found on the outer surface of the
ylasma membrane with their sugars
:xposed at the cell surface.

N

acid

‘Function: Cell — cell recognition. ™% <

Fatty acid

Sphingosine

v
v
L]
.
v
%
v

\ U "

(8) Typical of gycolipid ~ (b) Typical of glycolipid in bacteria

i anienal mamhsanas and alant mmamhsanae

3
v
%

v




Biomolecules: Lipids
Wax and steroids

Waxes and Steroids

 Wax — a type of structural lipid

— A long fatty acid chain joined to a long alcohol
chain.

— Waterproof, protective coating

* Steroids — composed of four fused carbon
rings with various functional groups

— Cholesterol is an important one



Water soluble region



Proteins




Biomolecules: Proteins

® Proteins are polymers of amino acids

® Amino acid are formed mainly of carbon, hydrogen, oxygen and

nitrogen

Nitrogen is the characteristic component of proteins

Amino Acid Structure

79
H—N—C —C—OH
Amino I Carboxyl
Group Group

R

Side Chain

Two amino acids

condensate to form a

dipeptide (peptide bond)

Amino acid (1)
H

H
M ',‘ ” H ’|‘ ”
! NS : N
" ; ® ; 0
N-termnius Clermnus
¥ _»
Peptide bond " "

" "" / \
oo o
m @

Dipeptide

Amino acid (2)

M
g
L)

Water

3 amino
acids=tripeptide

more amino
acids=polipeptide

more than 50 amino
acids= protein



Biomolecules: All proteins are made up by a combination
of 20 Aminoacids

. y y y
g H:,u’—jl:‘—cfo usu’—-%‘:’—cfo H3N°—<::—c<’o H;N'—:I::—Ci/o u;u‘—?—ci’o H,N‘—(I:—c
. Q 5 _ o
= B ° oy © cn © Ho i HacCH SHz
0 Sy ot CH CHy CHy
o 7/ N\ | |
CH3 CH3 CHy ?
z CH3
o Glycine (Gly) Alanine (Ala) Valine (Val)
4
H H
¥ p 1 f P A P
H3N—C—C HyN—C—C HgN—C—C HsN—C—C. HJN—C—C
m | \o. | o | N\ o | \0' | \O.
CH CH CH.
< ‘l:“z e ; 2 CHa : 2
OH OH CH3 SH P
-l s
o NHz ]
n. OH
Serine (Ser) Threonine (Thr)  Cysteine (Cys) Tyrosine (Tyr)  Asparagine (Asn)
> i i y
- u,N—?-c\f n;,N-tl:—cf) MJN’-(f—cfD H3N'-<{‘—c</°
-0 o o o o
© o ?Hz ?Hz (|:H2 ?Hg
0 CH CH
P 0 c CHz CH
(] /N | |
by o o CHy NH
oL Lo | y
NH C= NH.
0 * s
o NHz
w Acidic Basic
Aspartic Acid (Asp) Glutamic Acid (Glu) Lysine (Lys) Arginine (Arg)

H H
O | //o + | /o
H3N—C—C H3N—C—C,
I \o- I
CHp CHa

Leucine (Leu) Isoleucine (lle) Methionine (Met) Tryptophan (Trp) Phenylalanine (Phe)

Glutamine (Gln)

I~
©

+
HaN—

Histidine (His)

Proline (Pro)



Biomolecules: Essential aminoacids

Arginine and Histidine
are semi-essential.
They can be
synthesized by adults
but not by growing
children



Biomolecules: Proteins

Each protein is made of molecules with amino acids in a precise order.
Even a small difference in the order of the amino acids makes a
different proteins.

Structure

The long chains of amino acids can curl up into different shapes. The
way in which the chain curls up (the 3D structure) is determined by
the sequence of the amino acids in the chain.

The shape of the protein directly affects their function



Biomolecules: Proteins

Amino acids

Primary protein structure
sequence of a chain of
animo acids

Protein structure
Primary
s b il ke Secondary
backbone causes the amino

g:it?:r;o fold into a repeating Te rtl a ry
Quaternary

.

Pleated sheet —i Alpha helix

@

f“fJ

Tertiary protein structure
three-dimensional folding
pattern of a protein due to side
chain interactions

Quaternary protein structure
protein consisting of more
than one amino acid chain




Biomolecules: Functions of Proteins

actin & myosin

immunoglobulin

(antibody)

insulin
hormonal

protection
hemoglobin

PROTEINS:
Types and Functions

RUBISCO

ferritin

spider silk

structural



Levels of Protein Structure

Secondary Tertiary Quaternary
structure structure structure

W A
>

Amino acid residues a Helix Polypeptide chain Assembled subunits




Haemoglobin

Hemoglobin Molecule




Haemoglobin structure

haemoglobin

a chain



I1. COLLAGEN

* Collagen is the most abundant protein in the human body.

* A typical collagen molecule is a long, rigid structure in which
three polypeptides (referred to as o chains) are wound around
one another in a rope-like triple helix (Figure 4.1).

Collagen a chain

Copyright ® 2014 Wolters Kluwer Health | Lippincott Williams & Wilans

It is mostly found in fibrous tissues such as tendons, ligaments, and skin.




COLLAGEN

Amino acid sequence




Nucleic acids

Cytosine |C|

NlH 2

|C| Cytosine

NUCGLEIC ACIDS

DNA AND RNA

Nle Bases Pair -
c NH2
”‘\c-‘" ~N P CI
-4 ] _—. e
e ~—— MW
H Sugar ""’C\N
H Phosphate ~ I



Biomolecules: Nucleic acids (DNA and RNA)

DNA carries the genetic code (genetic material)

DNA can replicate and pass on genetic information (hereditary
material)

The sequence of the bases in our DNA provides a code that is used to
determine all the kinds of proteins in our body.

Proteins are required to build an organism and catalyzing all of its
biochemical reactions



Biomolecules: Nucleic acids

Nucleic acids are polymers of nucleotides

phosphate
base

Monomers link to make
polymers!

phosphate
base

Nucleic Acids
Monomer = Nucleotide
Polymer = Nucleic acid

phosphate
base

phosphate
base

phosphate
base

phosphate
base



The monomers of nucleic acids
are called nucleotides

Basic Nucleotide Structure Example
NH»
s
N
NP \C/ \\
Nitrogen Base H(! !' /C H
§N / \ N

Five Carbon Sugar

Adenosine 5' phosphoric acid



Biomolecules: Nucleic acids

_~ Purine Adenine (A) and Guanine (G)
Nitrogenous base are

™ Pirimidine Cytosine (C), Thymine (T) and Uracil

(U) \
L |
> T H\N/C\f/w RNA only
C

Y Yo
Lo p - s DNA only
B \T HoNT Xy~ \ri‘
H H
Adenine (A) Guanine(G)
(DNA and RNA) (DNA and RNA)
Purines
NH, 0 0

| I
/’C\(‘ _H H " \c SCHy  H (N M

[ ] |

C C C
07 Ry” i o7 N~ H e WS
| !
I i h
Cytosine (C) Thymine (1) Uracil (U)
(DNA and RN4) (DNA only) (RNA only)

Pyrimidines



Biomolecules: Nucleic acids

RNA & DNA
/ are chains of nucleotides \

Ribose Deoxyribose
(sugar) (sugar) -
rt . siﬁ;r
e Nucleotide
Unit
Sugar-phosphate Sugar-phosphate

backbone backbone



Biomolecules: Nucleic acids
DNA double helix

Sugar-Phosphate
Backbones

/
Nucleotide —
I

/ Key: \

[] Adenine
[] Thymine
B Guanine

Hydrogen Bonds

[ Cytosine
% .

Antiparallel DNA Strands DNA Ladder Double Helix



Biomolecules: Nucleic acids
DNA double helix- (1953 Watson and Crick)

(B)
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Tha blue bands represent Phosphorus
the two sugar-phosphate
chains
\ Carban in
, supar-phosphate
Pairs of bases form “backbons”
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Biomolecules: Nucleic acids
DNA double helix with haribo




Monomers of Bnomolecules

AmMmoeba Sisters #AmMmoebaGlfs



