Chemistry of Life

= Basic chemistry

= Atoms, molecules, isotopes, and bonds
= Water and living things

= Properties of water, acid/bases, buffers
= Macromolecules of life

= Carbohydrates

= Lipids

= Proteins

= Nucleic acids

Basic Chemistry

|
What is chemistry?

= Branch of science concerned with the composition and
properties of material substances

Matter—anything that occupies space and has mass
(AKA weight)

3 states of matter

= Solid, liquid, gas

All matter is composed of elements

= Atoms—smallest unit of an element that still retains the
chemical and physical properties of the element

Atoms Contain
Protons, Neutrons, and Electrons

Proton—positive charge, 1 atomic

unit, in nucleus Electrons spin in shells

around the nucleus.

Neutron—neutral charge, 1 atomic Electronshell -
unit, in nucleus praton () g
Electron—negative charge, 0 atomic ‘

units

Electron cloud, orbital, valence shell
Inner shell can hold up to 2 e, others
upto8e

Atomic number = # of protons MNeutron (no charge)

[ {4 Momic number
H—— Atomic symbel
1,007~ Atomic mass 7

He
in
3% T TE [T ¢ w
L Be e o F  Me
an | am s | | vnr | oo | e | e
W . T R R T
Ha Mg S | P 3 © A
P e | e e mew | e ww
A IR A A A A A A AR A AN AR
K Ca S TI V¥V C Mn Fe Co M Cu Zn Ga Ge As Se B Kr
e | saoa | sam | ome | wae | mee | wm me | e me | am | 6o en | e e nw | ne o
AR AR A A A A A A A A A A A A A
S ¥ | ZIr Tc Ru Rh Pd Ag Cd In  Sn Te | 1 Xe
M7 | W | w9 N | | Be S 628 W4 | WTE | MLA | M | AT | KRB | Ts | vme | M3
W E[H N WA N W W M| W W& B W W W
Cs  Ba Ml Ta Os ir Pt Au Hg TI Pb Bl Po At Rn
aais | aar3 | o [l o7ms | s | me | oeer | wn | war | wer | Wee | Bk | dees | rd | mes | goe | @ | @m
W - s | i | T | e | e | me | W |l
Fr  Ra Ac Db | sy Hs Wt — | —  —
| me | | oo | o | ol | e oes | e | e | o | g
L R R N S S A moH
Ce Pr N4 Pm Sm Eu Od To Dy He Er Tm ¥b Lu
L |t | wes | w43 | s | es | s | 193 | s | wPS | was | wrs | s | me | sme
Wl e m o w | s kW W e | e
Th Pa U N Pu Am Cm Bk Es  Fm Mo Lr
s | gy | ;e | aan | g | ey | en | gen | g e | gove | oo | ooy
TABLE 2.1 Review of Subatomic Particles.

Particle Location Charge Mass

. . Helium (He)
Atomic weight = # of protons + neutrons
TR T R TR T T —
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Isotopes and Radioisotopes

= |sotopes—same type of atom with varying
numbers of neutrons
12C 13C 14C (radioactive)
= Radioactive isotopes—radiation emitting isotopes
can be dangerous or useful
= At higher doses it can kill cells, whole organisms, or
cause cancer or other harmful effects
= Used in medicine as a tracer and as a treatment

= 131l—used to check the condition of the thyroid gland as well as
to kill cancerous cells




Thyroid gland

Trachea (windpipe)

(a) An image of a normal  (b) An image of an enlarged
thyroid gland thyroid gland
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Elements Combine to Form
i Molecules and Compounds

= Molecule—bonding of same atoms to form
a chemical unit

H, N, 0,
hydrogen gas nitrogen gas oxygen gas
= Compound—different atoms bond together
NaCl H,O NaOH
salt water sodium hydroxide

The element sodium is Elemental sodium reacts
a solid metal, explosively with water,

When the elements sodium and

chlorine join, they form table
salt,a compound quite different
The element chlorine from its elements.

isa yellow gas. =

Compounds are

Held Together by Bonds

The next shell out can
hold up to 8 electrons
(the shell shown here
has &), Atoms with more
than 10 electrons have
additional shalls.

| The shell closest to the
nucleus can hold up to
2 electrons.

Chemical Bonds: Covalent Bonds

= Are the strongest bonds and form when
two or more atoms share the electrons in
their outer shells
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Single
a covalent

v bonds H
o ( H—C—H
9, - - @A 0 - I}
W J,. Single covalent
Single W bonds
covalent
] bonds
Carbon 4 Hydrogen atoms Methane (CH,)

atom

The molecule methane [CH,) is formed by the sharing of electrons between one carbon
atom and four hydrogen atoms. Because, in each case one pair of electrons is shared,
the bonds formed are single covalent bonds,

Figars 384 Wlogy of Hemamn. 20
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Double Double
covalent covalent
bond bond
@ A /
i i O0=C=0
Q)+ =) @19 @ = | Double covalent
. . bonds
@
Carbon atom 2 Oxygen atoms Carbon dioxide (CO;)

The oxygen atoms in a molecule of carbon diexide (CO;) form double covalent
bonds with the carbon atom. In double bonds, two pairs of electrons are shared.

Figpare 3-8 Bisiogy of Husman, e
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Chemical Bonds: lonic Bonds

= An ion is an atom or group of atoms with a
positive or negative electrical charge

= lonic bonds
= Weaker than covalent bonds

= Result from the attraction of oppositely charged
ions, rather than shared electrons
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An atom of sodium

Having given up an | Having received an
:;';:?::‘;:"ﬁ::: electron, sodium becomes electron, chlorine becomes
atorn of ehlorine, a positively :haw ion. | amgatmlychar.god-ou |
W Sodiumion Chlorideion
| N @ -
I A g
o]
a
Q- 3 - Q 9
Sodiumatom + Chlorine atom —— Sodium chloride
(NaCl)
The oppositely charged sodium
and chloride ions are attracted
to one anather, forming sodium
chloride.
Figur -5 Bickoqy ol Wamans e
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Covalent versus lonic Bonds Animation

Water and Living Things

I
= Water is the most abundant molecule in
living things
= 60-70% body weight
= Chemical and physical properties of water
make life possible
= Water is a polar molecule and forms
hydrogen bonds

Polarity and Hydrogen Bonds

|
= When the electrons of a covalent bond are shared
unequally, the bond is called polar and the
resulting molecules are called polar molecules
= Water is a polar molecule

= Hydrogen bonds are the attraction formed
between a slightly positively charged hydrogen
atom and another slightly negatively charged atom
= Account for the unique properties of water and the
geometric shape of many biological molecules

= Weaker than either ionic or covalent bonds yet
collectively are significant
= Maintain the shape of proteins and DNA
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2Hydrogen + Oxygen —_— Water (H0)
atoms atom
Water is formed when an oxygen atom covalently bonds (sha

electrons) with two hydrogen atoms. As a result of unequal sharing
of electrons, oxygen carries a slight negative charge and the
hydrogen atoms a slight positive charge.

Figuen 1100 Biskogy of s, Lin
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The hydrogen atoms from one water molecule are
attracted to the oxygen atoms of other water molecules.
This relatively weak attraction (shown by dotted lines)
is called a hydrogen bond.

B —. Hydrogen Bonding

Previce Hall .

Properties of Water

|
= Water is liquid at room temperature
= Temperature of liquid water rises and falls slowly
= Water has a high heat of vaporization
= Frozen water is less dense than liquid water
= Water molecules are cohesive

= Water is a solvent for polar and charged substances

= Facilitates chemical reactions both outside and within our
bodies

= Serves as the body's main transport medium
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Acids and Bases

. Ac':ids—substances that dissociate in H,0O,
releasing H*
HCI H* + CI- (dissociates in H,0)
(Acidic solutions—high H* concentration)

= Bases—substances that either take up H* or
release OH"

NaOH Na* + OH-
(Basic solutions—high OH- concentration)

TABLE 2.2 Review of Chemical Bonds

Type Basis for Attraction Strength  Example

Cowvalent Sharing of electrons Strongest CH, (methane)
lonic

Strong NaCl (table salt)

Hydrogen

oxygen) with ght
negative charge water malecule

atom on another

pH Scale

= pH is defined as the negative logarithm of the
concentration of the H+ ion in solution
= Range from 0 to 14

» Used to indicate the acidity or basicity (alkalinity) of
a solution
= Higher the number, the more basic
= Lower the number, the more acidic
= pH of 7 is considered neutral

24




H’ concentration
(moles /liter) pH

Acid
As we move toward
a higher pH, each
unit has 10 times the
basicity of the
previous unit
As we move toward
a lower pH, each unit .
has 10 times the
acidity of the
previous unit

[ B

ammonia

Oven cleaner

TABLE 2.3 Review of the Characteristics of Acids and Bases

Characteristic Acid Base

Behavior in water Releases H* Releases OH

pH Less than 7 Greater than 7

Example HCl (hydrochloric acid) NaOH (sodium hydroxide)

: Buffers

= Substances that prevent dramatic changes in pH
= Many body fluids have the buffering capacity to
maintain a constant internal environment
= Carbonic acid — bicarbonate system

H.O0+ CO, €«— H,CO, «— H + HCO;
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Molecules of Life are

’ Macromolecules

= Macromolecule—a molecule that
contains many subunits
= Long chains called polymers
= Repeating units called monomers
= Four categories unique to living things

= Carbohydrates, lipids, proteins, nucleic
acids

28

Polymer Formation: Dehydration Synthesis

[ Two monomers already Third menomer to be !

banded to one another added through |
ion synthesis |
| f
I
R S

H;0
Dehydration synthesis

"""" Polymer
Polymers are formed by dehydration synthesis, in which
a water molecule is removed and two monomers are joined,

P 1 gy e 3

Polymer Breakdown: Hydrolysis

Hydrolysis
HO— — —H HO— —H
Monomers Monomer
Polymers are broken down by hydrolysis, in which the

addition of a water molecule disrupts the bonds between
two monomers.
Fagues 1 e Biokogy ol memany, e




Macromolecules of Life:
i Carbohydrates

= Made up of C,H, and O
= Serve as quick or short-term energy storage to cells
= Simple carbohydrates
= Monosaccharide—simple sugar made up of carbon atoms
= glucose, fructose, and galactose
= Disaccharide—made by joining only two monosaccharides
together by a dehydration reaction

maltose sucrose
(glucose + glucose) (glucose + fructose)

= Complex carbohydrates or polysaccharides—made up of
many glucose units
» Starch—stored carbohydrates in plant cells
= Glycogen—stored carbohydrates in the liver and muscle

= Cellulose—found in plant cell walls, serves as dietary fiber in
humans

31

TABLE 2.4 Review of Some Common Carbohydrates

‘Carbohydrate Molecular Formula Source Monomers

Manasaccharides

“Thria complen carbolydrates comint of chaim, containing hursireds of ghocise molecstes jned to rach e in loog stregs

The straight-chain

formula of glucose

A ring structure of glucose Aring structure of
in which carbon atoms within | = glucose in which the C

the ring are d d with for carbon atoms within
the letter C the ring is omitted
H cH
| 20H CHy0H
§=o iy —
H—g—oH I | o H
HO —C—H | |
I HO oH Ho OH
H—C—OH | |
| H OH H OH
H —rT —OH
H _ﬁ —0OH
H
Pigure 214 Bctogy ofhamara 2
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*Glycogen is the storage polysaccharide in animals

«Granules of glycogen are stored in cells of the liver

HOCH, HOCH,
H H HOCH, H H H HOCH, H
+ # + WO
HO H Howcu.ou HO 0‘”&,% ’
H oH OH H H oH oH H
Glucose Fructose Sucrose
™ haridel + (M oo (Disaccharide)
P 215 By of omasa 1
[ ——
Micrograph of

cellulose fibrils in
plant cell wall

|

Plant cells
Fograre 168 Bialogy of Humant. T's.
3007 Paaren roncs Hak .




Macromolecules of Life: Lipids

= Lipids are water-insoluble (or nonpolar) molecules
made of C, H, and O
= Important functions include:
= Store long-term energy
= Protect vital organs
= Form cell membranes
= Three types of lipids that are important for human health
= Triglycerides — fats and oils
= Phospholipids

= Steroids
37

Types of Lipids: Triglycerides

|
= A polymer made of one molecule of glycerol and

three fatty acids
= Fats and oils
= Classified depending on the presence or absence of
double bonds between the carbon atoms in their
fatty acids
= Saturated fatty acids have only single covalent bonds

= Unsaturated fatty acids have one or more double bonds
between their carbon atoms
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Types of Lipids: Phospholipids

= Molecule of glycerol bonded
to two fatty acids and a
negatively charged
phosphate group \I‘k

= Structure provides polar and p
nonpolar regions
= Nonpolar or hydrophobic —
water hating
= Polar or hydrophilic — water
loving
= Primary component of cell
membranes

40
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Extracellular fluid
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head

Animal cells

Hydrophilic

heads
Nonpolar Hy_v:irnphah ic
hydrophobic tails

Hydrophilic
heads
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Fgpare 1188 Biskogy of Humant Lie
© 2007 Pearsan Franice Hall .

Types of Lipids: Steroids

= Steroid—type of lipid
molecule having a

complex of four o T

carbon rings . L

= Cholesterol, estrogen,
progesterone, and
testosterone o

= Component of cell
membranes

42




Macromolecules of Life: Proteins
|
= Consist of Amino acids Central Hydrogen
carbon atom
= A central carbon atom bound /
to a hydrogen (H) atom, an H O
ydrogen (H) H\N\ L
o

amino group (NH,), and a

carboxyl group (COOH) in —CI—C S
addition to a unique side H R ‘
chain called a radical (R) ]
= 20 amino acids Amino l Carboxyl
group group
Side chain

43

Macromolecules of Life: Proteins

Dehydration Peptide bond
H o, H O oH,
H o H : synthesis T
Nl NI F S
MG M = P e L
oH H H HH OH
Dipeptide glycylalanine

H M H o H

Aminoacd \ Amino acid

glycine alanine

P 147 b o i, 5

= Chains of only a few amino acids are called peptides
= Chains of 10 or more are called polypeptides

= Proteins are polypeptide chains of at least 50 amino
acids that provide structure, transport, and movement for
the body

44

Levels of
Protein
Organization

Chemical changes in the environment of a protein can cause it to lose its structure

or denature resulting in a loss of function 45

Levels of Protein Organization

|
= Primary structure—linear sequence of amino acids
joined by peptide bonds
= Polypeptide chain
= Secondary structure—occurs when polypeptide
takes on a certain orientation in space
= Hydrogen bonding
= Tertiary structure—final 3-dimensional shape
= Covalent bonds between R groups
= Quaternary structure—consists of two or more
polypeptide chains

=_Hemoglobin and most enzymes *®

Proteins are the
Body’s Worker Molecules

| .
= Muscle proteins enable all muscular movement
= Hemoglobin (Hb) carries oxygen

= Important in cell communication
= Nerve and muscle cells

= Enzymes speed up chemical reactions
= Digestion of food

= Machines that copy our genes and make new proteins
= Antibodies that help us fight disease

= Components of our hair, fingernail, skin, bones...

= |It's structure is related to its function

47

Enzymes

n A Ispecial group of proteins that serve as catalysts for
chemical reactions
= Speed them up 10,000 to 100,000 times
= Are not consumed in the process
= Particular substance an enzyme works on is called its
substrate and is very specific
E+ S->ES->E+P
= Sometimes cofactors, often called coenzymes, bind
at the active site to facilitate the reaction

= Enzyme deficiencies sometimes occur and affect our
health

48

= Lactose intolerance




Step 1: The cycle begins when
the active site of the enzyme s
unoccuphed and the substrate
Is present.

Step 2: The substrate binds
to the active site of the
enzyme, forming an enzyme-
substrate complex.

Step 3: The substrate is converted

1o products that are released from

the active site, and the cycle can
.+ begin again.

‘% | ap
\

Enzyme Enzyme-substrate complex Enzyme

Ad

positi ion involving an enzyme
Wigre 2232 Bokogy of Mumans, 1.
© 2907 Pearsen Premce Rk,

How Enzymes Work

Substrates Product

Ap w
etwle

Enzyme Enzyme-substrate complex Enzyme
(b) A synthesis reaction involving an enzyme
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Macromolecules of Life:
i Nucleic Acids

= Nucleotides are the building blocks of nucleic acids
= Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA)

= A nucleotide is made up of five-carbon sugar bonded
to one of five nitrogen-containing bases and a
phosphate group

MNucleotide
1

51

TABLE 2.5 Review of the Structural Differences between RNA and DNA |

Characteristic RNA DNA

Sugar Ribose Deoxyribose

Bases Adenine, guanine, Adenine, guanine,
cytosine, uracil cytosine, thymine

Number of One Two; twisted to form

strands double helix

53

i Adenosine Triphosphate (ATP)

= A special nucleotide capable of storing
energy in its phosphate-to-phosphate bonds

= All energy from the breakdown of molecules
such as glucose must be channeled through
ATP before the body can use it

= Energy currency of cells

54
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