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What is biochemistry?

*Biochemistry is the study of
structure, composition (what
things are made up of), and
chemical reactions that occur in
living things.

-Living things (biotic factors)
depend on chemistry for
life...so oiolo?y and chemistry
are closely related!
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Composition of Matter

‘Matter — everything in the
universe is composed of
matter.

» Matter is anything that
occupies space or has mass.

* Mass is the quantity of matter
an object has.

» Weight is the pull of gravity on
an object.




States of Matter

States of Matter

;‘


http://glencoe.mcgraw-hill.com/sites/dl/free/0078778085/164155/00053405.html

Atoms

*The simplest particle of an element that
retains all the properties of that element.

 All atoms consist of 3 types of smaller
particles:

* Proton = has a + charge
* Neutron = has no charge
 Electron = has a - charge

*Properties of atoms determine the structure
and properties of the matter they compose.

*Our understanding of the structure of atoms is
based on scientific models, not actual
observation.




i

The Nucleus

Central core

*Consists of positive ;
charged protons and
neutral neutrons

Positively charged

*Contains most of the .
mass of the atom
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Elements

Pure substances that cannot be broken down
chemically into simpler kinds of matter.

« Made of only 1 type of atom
A group of atoms of the “same” type.

*More than 100 elements (91 are naturally
occurring)
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More on Elements

*96 % of the mass of an
organism is composed of 4
elements (oxygen, carbon,
hydrogen, and nitrogen)

Each element has a unique
chemical symbol:

e Consists of 1-2 letters

* First letter is always
capitalized

Atomilc number 7

Chemical symibol He
Hellwm

—.'4

Atomic mass
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Compounds

*|s a substance made of
atoms of different
elements bonded
together in a certain
ratio.

* Examples: H.0 and
CO;

*Most elements do not
exist by themselves

*Readily combine with
other elements in a
predictable fashion




More on Compounds

*A compound is a pure
substance made up of atoms

of two or more elements. o
» The proportion of atoms are s @ -
always fixed. B Yo 8
«Chemical formulas show the @~ T @

kind and proportion of
atoms of each element that
occurs in a particular
compound.
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Molecules

*/s two or more . ‘ &
atoms held together ' »

by covalent bonds.

!
e

*Are the simplest
part of a substance
that retains all of the
properties of the
substance and exists A
in a free state. D

*Some molecules are
large and complex.

CH




lons form when atoms gain or lose
electrons

lon is an atom that has gained or f,f-———u\.\
o
lost one or more electron. o .

4
*It forms because an atom is more o \;a_;.
stable when its outermost energy @ )

—

level is full.
» The gain or loss of electrons results \ % /‘
in a full outermost level. e
*An atom becomes an ion when its \ﬁ_ﬂ_
number of electrons change and it
gains an electrical charge.

*Can be positively or negatively
charged.

e
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lonic Bond

*Some atoms become stable by losing or gaining
electrons.

*Atoms that lose electrons are called positive ions.
*Atoms that gain electrons are called negative ions.

*Because positive and negative electrical charges attract
each other ionic bonds form.
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Atoms share pairs of electrons in
covalent bonds.

‘Not all atoms gain or lose
electrons easily.

*Some atoms “share” pairs of
electrons.

Shared pairs of electrons fill the
outermost energy levels of the
bonded atoms.

A covalent bond is formed when
atoms share a pair of electrons.

* This type of bond is very strong.
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Properties of the Water Molecule

*Water molecule (H,0) is made up of three
atoms — one oxygen and two hydrogen

*The oxygen atom attracts more than its
“fair share” of electrons.

*Oxygen end “acts” negative
*Hydrogen end “acts” positive
*Causes the water to be polar

 Think of it as two magnets attracted
to one another.

*Water is neutral (equal number of electrons
and protons)

« Zero net charge




Life depends on hydrogen !onds in

water =
Polar water molecules act ‘
like magnets and attract
each other + *+

'Hyd rogen bOhdS — hydrogen bond::
* Is an attraction between a .
slightly positive hydrogen
atom and a slightly
negative atom, often
oxygen or nitrogen.

*They are strong bonds that
form between molecules
like CO, and H;O




Bonding Animation

Bonding Relationships



http://www.kentchemistry.com/links/bonding/bondingflashes/bond_types.swf

Homeostasis

*Ability to maintain a steady state despite
changing conditions

*Water is important to this process because:
* Makes a good insulator
 Resists temperature change
* Universal solvent

 Coolant

* Ice protects against temperature extremes
(insulates frozen lakes)
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Properties Related to Hydrogen
Bonds

*High specific heat:
» Water resists changes in
temperature.

« Must absorb more heat
energy to increase
temperature

 Helps regulate cell
temperatures
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Properties Related to Hydrogen
Bonds

*Cohesion —

* Attraction among
molecules of the
same substance

 Makes water
molecules stick to
each other

 Produces surface
tension, makes kind
of skin on water
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Properties Related to Hydrogen
Bonds
*Adhesion

« Attraction among molecules
of different substances

« Water molecules stick to
things
« Responsible for the upward

curve on the surface of the
water in a test tube

* Helps plants transport water
from their roots to their
leaves




Properties Related to Hydrogen
Bonds

Capillary action
 Allowing water to travel upwards against gravity

&

-




Solutions - Review

Solutions Animation



http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/molvie1.swf

BrainPop - Review

BrainPop Acids and Bases



http://glencoe.mcgraw-hill.com/sites/dl/free/0078778085/164037/00053406.html

Ticket Out the Door

S WN =

What is biochemistry?

. What is matter?
. List the charges for protons, neutrons, and

electrons.

. What is the difference between an element

and a compound?

. Describe the difference between ionic and

covalent bonds.

??I _;che pH scale where do acids AND bases
all?
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What is a macromolecule?

*These are organic compounds that
contain carbon, and are considered
to be “giant molecules”.

*A process called polymerization
combines smaller molecules
together to form these larger
macromolecules.

*These compounds are the building
blocks of living things...in other
words without them there would be
no you!
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Examples of Macromolecules

*There are four groups of macromolecules that
make up living things:
« Carbohydrates

* Lipids
* Proteins
* Nucleic acids




Six Major Elements associated with
making up these macromolecules

*These 6 elements make up your body, and they
are also important in creating these organic
compounds.

I-%o what are these 6 major elements important to
iIfe:

The Big Six -> CHONPS

« Carbon (C) eHydrogen (H)
* Oxygen (O) eNitrogen (N)
* Phosphorus (P) eSulfur (S)
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So how are these the building blocks
of living things?

*The macromolecules are the LARGER
MOLECULES...so like a house, you need
“bricks” to build/make them!

* Monomer - smallest unit of a large
molecule (building blocks of things)

* Polymer — the large molecule;
formed by joining monomers (the
product/the thing made = this is
the macromolecule!)

*2 or more monomers make a polymer!
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Formation of Macromolecules

Monomers are connected by a reaction in which 2
molecules are bonded to each other through the loss of a
water molecule.
 Called a condensation reaction or dehydration
reaction because a water molecule is lost.

Dehydration Synthesis

CH oM CH OH
; i
H/ Y _x’
il
HO & OH H A ou |-| H ~on
1

H OH

form a bond whlle
losing a water molecule
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Formation of Macromolecules cont.

*Polymers are disassembled (broken up) into monomers by
hydrolysis, a process that is essentially the reverse of the

dehydration reaction.

» Hydrolysis means “to break with water”. Bonds
between monomers are broken by the addition of

water molecules.

Hydrolysis
Hy0

w

The covalent bond is broken and
watc rl. placed where the bond was.
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Four Major Classes of Organic

Molecules

1. Carbohydrates
* Main source of energy for living
things
 Plants and some animals use

carbohydrates for structural
purposes

« Made up of sugars
* Monosaccharide (monomer) = 1
single
* Disaccharide = 2 sugars

* Polysaccharide = many/more
than 2 sugars
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Organic Compounds: Carbohydrates

W The elements that make themup 2> C,H, & O
W Glycosidic bonds attach the sugar monomers together

— 3types— r|CH2CIH CH,OH CH,OH
(1) Monosaccharides B N o H HO ¢ o H
(CeH1206 = gl | é/HH é C'/H// }L" é/HH N
hhaOs =glucose, N g/ N B INE_L
galactose, & fructose) L L, L, L CHyoH LD
r;ltHEOH Glucose Fructose Galactose
CH5OH
H H L] L]
|/ff r:'\| |/,/°\H (2) Disaccharides
NG ¢ G H 4 (2 monosaccharides joined; ex: sucrose)
N L INL T | J ; ex:
C—
He T ‘|: JDH L CH,OH
H OH
Glucose Fructose

SUCROSE
= (3) Polysaccharides )
(long chain of monosaccharides; ex: starch)
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Glucose, Fructose, and Galactose
(Monosaccharides)

*Glucose:
« Made during photosynthesis

« Main source of energy for plants and
animals

*Fructose:

* Found naturally in fruits

* |s the sweetest of monosaccharides
*Galactose:

* Found in milk

* Is usually in association with glucose
or fructose
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Disaccharide

*Disaccharide — two
monosaccharide bonded

together
« Table sugar (sucrose) =

made up of glucose +
fructose bonded together

* Milk sugar (lactose) =
made up of glucose +
galactose bonded together
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Polysaccharide

*Polysaccharide = more than two
monosaccharide bonded together by

glycossidic bonds -| Starch
 Serv r m — = e = e e
bfliISii;S:?a:egr?al i o0-0-0-0-0
» Storage (examples: starch, EEHUIDEE -
glycogen) .".“."‘.".
e Structural (examples: Gly{:ﬂgen ‘S
cellulose, chitin) ' .’ﬂ.n.

*A complex carbohydrate is a 9 . ‘
polysaccharide with 12 or more
monosaccharide units.

* Pasta and starches are
polysaccharides

» Potatoes are a starch




Carbohydrate Animation

Carbohydrate Animation



http://kisdwebs.katyisd.org/campuses/MRHS/teacherweb/hallk/Teacher%20Documents/AP%20Biology%20Materials/Chemistry%20of%20Life/Carbohydrates/05_A01s.swf

4 Classes of Organic Cmpds cont'd...
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2.

Lipids

Used to store energy (for the long
term)

Important in making your cell
membranes & waterproofing the
certain coverings in the body

« Example: Cell Membranes

Insulates/ protects your bodies
organs (like a cushion)

Examples = Fats, QOlls,
and Waxes

uuuuuuuuuuu



Organic Compounds: Lipids

The elements that make them up 2 C, H,

& o

Nonpolar (NOT soluble / will not mix
with water - Hydrophobic)

The building block for lipids includes 1
glycerol molecule and 3 fatty acid
molecules.

There two ways lipids can be represented ir

the body:

- Saturated Fat - fatty acids are “full” of
Hydrogens; all carbon bonds are single
(animal products)

- Unsaturated Fat — at least 1 double
bond between carbons (plant prod

oils+fats




(a) Saturated fat and fatty acid

Copyright & Pearson Education, Ing., publishing a3 Benjamin Cummings

At room temperature, the
molecules of a saturated fat are
packed closely together, forming
a solid.

bond causes
bending

(b) Unsaturated fat and fatty acid

At room temperature, the molecules of
an unsaturated fat cannot
together closely e
because of t




Ticket Out the Door

. What is a macromolecule?
List the 4 major groups of macromolecules.

What are the 6 major groups of elements
found in macromolecules?

What is the difference between a monomer
and a polymer?

. What are carbohydrates used for?

What lipids used for?

. What is the difference between a saturated
and unsaturated fat?

Now » wns
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More on the 4 Classes of Organic
Compounds ...

3. Proteins

« The majority of the processes
that take place in the body
occur because of proteins!!!

* The elements that make up
proteinsare C, H, O, & N

« Amino Acids (aa) are the
monomers of proteins



H
N |
Organic Compounds: N-—C—C
. | & o
Proteins Amino " Carbof

General structure
* There are 20 different amino acids

found in nature

* Amino Acids are made up of

3 functional groups: /
e An AMINO GROUP ('NHZ) (a) Glycine

* An R GROUP - —> CH;
(different per amino acid) H—N—C—C—OH
"

A CARBOXYL GROUP (-COOH)—




What are some functions of proteins?

° 4 Types of Proteins & their function in the body:

*  Regulatory (ex: Enzymes)
«  Controls the rate of reactions in your body

Transport (ex: Hemoglobin transports O;)

«  Sending nutrients to different parts of the
body

«  Structural (ex: collagen, found in skin and
bones)

*  Forms/ makes up different parts of the body

*  Protective (ex: antibodies protect against
disease)

«  Makes cells that act as fighters for the body




Finally...

4. Nucleic Acids

« The function of nucleic acids is
to store and transmit genetic
info

* The elements that make up

nucleic acids are...
C,H O N, &P

* Two types:

1. DNA (Deoxyribonucleic
Acid)

2. RNA (Ribonucleic Acid)
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Organic Compounds: Nucleic Acids

* The monomers of s
nucleic acids are Phosphate
nucleotides

+ Each nucleotide
Is made up of:
* A 5-carbon sugar
* A phosphate

Phosphate o Fase

P group

group "W
* A nitrogenous

base o

Nucleotlde
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Monomer + Monomer, etc. =

Polymer

MONOMERS POLYMERS
(or building blocks)

Monosaccharides Carbohydrates

-}Eimh(polysaccharides)

Glycerol and fatty acids Lipids
(building block) TR

Nucleotides =t Nucleic Acids

Amino Acids . Proteins




Carbon Macromolecules
Compounds

incllude

that consist of

Sugars and
starches

which contain

Carbon,
hydrogen,
oxygen

that consist of

Fats and oils

which contain

Carbon,
hydrogen,
oxygen

Nucleic acids

that consist of

Nucleotides

which contain

Carbon,hydrogen,
oxygen, nitrogen,
phosphorus

that consist of

Amino Acids

which contain

Carbon,
hydrogen,oxygen,
nitrogen,




Ticket Out the Door

1. What are the monomers of (building blocks)
of proteins?

What are the 3 basic parts of an amino acid?
What do proteins do for organisms?

What do nucleic acids do?

What are the 2 types of nucleic acids?

What are the monomers of nucleic acids?
What are the parts of a nucleotide?

SIS IV
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What is a Chemical Reaction?

Everything that happens inside of an organism is
based on chemical reactions — Examples:

 Growth

* Its interaction with the environment
* Reproduction

e Movement

*Chemical reaction — a process that changes one
set of chemicals into another

*Chemical reactions always involve the breaking
of bonds and the formation of new bonds!
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Chemical Reaction Breakdown

*There are 2 parts to every chemical reaction:

COz + Hzo - C5H1205 + 02
Reactants Products

Reactants represent what is being used/what
enters into a reaction

 Always found before the arrow!

*Products represent what is made/what exits a
reaction

 Always found after the arrow!




Do we need energy to complete all of

these reactions?

YES!!! Energy is a big factor in completing these reactions.
Some chemical reactions release energy and some absorb energy
« Chemical reactions that release energy are called EXERGONIC
REACTIONS
*These often occur spontaneously — such as
Cellular Respiration
» Chemical reactions that absorb energy are called
ENDERGONIC REACTIONS

*These will not occur without a source of energy — such as
Photosynthesis (the original energy comes from the sun!!!)
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Chemical Reactions (cont'd)

Energy-Absorbing Reaction Energy-Releasing Reaction

FProducts

T Activation
energy

o L L |

2

@

L

Activation energy
Feactants

=
(=]
=
1]
=
w

| Reactants
FProducts

Course of Reaction —»

Course of Reaction —p
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But not all reactions are spontaneous...some
STILL require a little energy!

*Energy needed to get a reaction started is called activation
energy.

*This “start energy” is important, because it can determine whether
you release or absorb energy.

*lt Is important to every organism that they maintain a certain
amount of energy...the amount of energy you use in the beginning
can make a big difference on whether or not you complete an
Important reaction!




However... there is a PROBLEM!

*Some chemical reactions that make life possible are too
slow or have activation energies that are too high to make
them practical for living tissue...(in other words they take
TOO LONG)

Solution = Your body has a protein that lowers the
amount of energy needed at the beginning of a reaction, so
you have more energy to complete your metabolic
processes needed to live your life! F=2gy) <3 :

JC’S
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These proteins are called... Enzymes!!!

*Enzymes are proteins that | [recctonpatwey
act as biological catalysts | |"" = ctivation energy

. without enzyme
- Catalysts: / \ I
*Substance that speed up . N T

the rate of a reaction, > |Reactants ggg:f;;mn
without using a large D Reaction pathway with enzyme
w with enzyme

amount of energy.

Products

*Most enzymes end in
the letters — ase.

* Ex: your saliva/ spit is
called AMYLASE

Course of reaction ——p




Enzymes —

*Enzymes speed up a reaction by lowering the
activation energy of a reaction

*Enzymes act as a site of a reaction and are not
used up

Enzyme
(hexokinase) Glucose

Re° & Substrates

ADP
Products \
Glucose 6\ /’
phosphate
B Products
are released

R0
ATP

Active site

A Substrates
hind ta
enzyme




Scientists use a model to represent the way enzymes carry out
chemical reactions

The Enzyme-Substrate Complex =
“Lock & Key” Model

Enzymes have very specific Active Sites, where only certain
reactants can bind to reduce activation energy (Ea).

These reactants are called “substrates.”

Enzymes release products after a reaction and can start the
same process over again.




Remember...

*Enzymes are a type of
PROTEIN!!!

Life Plus Products

*There job is to regulate the
body’s activities WITHOUT
using too much energy.

*When you damage a protein,
so it no longer works it becomes
DENATURED.

Trwan by B s




Denaturation and Re-naturation of a Protein

There are many things that can affect the way an enzyme works:

* Extreme Temperatures—> Both hot or cold can damage an enzyme
« pH changes & Mixing proteins with Strong Acids or Bases
* Cell Activators - Things that may turn on an enzyme

* Cell Inhibitors > Things that may turn off certain cell activities

Denaturation

P TN y
/ - -
SSAE, '\\ >\/

)-‘ N J

\
2 > 1)
Normal protein Denatured protein

Renaturation
. Inc., publishing as Benjamin Cummings.

Capyright & Pearson Education




