BIOCHEMISTRY—THE NATURE OF MATTER

1. What simple question did Democritus ask nearly 2500 years ago?

How would you answer him today?

Why is studying chemistry an important part of studying biology?

2. Atoms are

an atom’s nucleus contains

protons

neutrons

electrons

Sketch and label the model of the helium atom at the bottom of page 35.
Atomic number

Mass number

3. Elements are pure substances that

More than elements have been identified. Fewer than are
important to living things.

Some common elements: Fe , Cu , Al

Ag , Na , Au , Ni
Cl )




The most important elements to living things include C ,

H , O , N and

S

4. Isotopes

Atoms of an element can have different numbers of

For example most atoms of carbon have neutrons, but a few have

and some have . Atoms of the same element that have different numbers
of are called . The sum of
protons and neutrons in an atom’s nucleus is called the or
the atom’s . This is how we identify various

isotopes of an element.
Sketch the isotopes of carbon-12, carbon 13, and carbon-14. (Fig 2-2 on pg 36)

Because they have the same number of , all isotopes of
an element

5. Radioactive isotopes

Some isotopes are meaning that their
are unstable and

This radiation can be dangerous but also very useful to scientists. Some ways
scientists use radioactive isotopes include

6. Chemical Compounds
In nature, most elements are found

Compound

Scientists show the composition of a compound by a kind of shorthand called a




Describe the composition of water.

Describe the composition of table salt.

7. Atoms in compounds are held together by

Bond formation involves the

The electrons that are available to form bonds are called

There are two main types of bonds: and

8. lonic Bonds
An ionic bond is formed when

Atoms are electrically because the number of
equals the number of

. This means that an
atoms that loses electrons will be because

and an atom that gains electrons will be because

Positively and negatively charged atoms are called

Nal+ Cl1-

lonic bonds form between and in table

salt. The oppositely charged ions have a
attraction to each other. This attraction is called an




9. Covalent Bonds
Sometimes instead of being transferred, electrons are by
atoms. “Sharing” means

. When atoms share electrons
a bond forms between them. Each covalent bond
represents of shared electrons. This means that
one pair of shared electrons =
two pairs of shared electrons =
three pairs of shared electrons =

The structure that forms when atoms are joined by covalent bonds is a
How are molecules different from compounds?

The diagram of the water molecule shows that each

| . | E'I atom forms a covalent bond
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2-2 The Properties of Water
Why does ice float?

What would happen to aquatic life in cold regions in winter if ice did not float?

1. The water molecule is because the 10 protons balance out

the 10 electrons. However the oxygen end of the molecule has a greater pull on
those 10 electrons because

This means that the electrons spend more time at the end of
the molecule than the hydrogen end. The end of the
molecule will have a more negative charge than the end.

This uneven distribution of electrons between the oxygen and hydrogen is called
polarity. Wateris a
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Polar molecules can attract each other. The charges here are not as
as the charges on an ion.

The attraction between the end of a water molecule
and the end of another water molecule is called a
hydrogen bond.

Are hydrogen bonds as strong as covalent or ionic bonds?
Hydrogen bonds are usually represented by broken lines (--------- ). Sketch in
some hydrogen bonds among the water molecules above.

A single water molecule may be involved in

and this is responsible for many of the properties of water.

2. Cohesion

Adhesion

Capillary action



2. Solutions and Suspensions

Water is not always and it is usually found as part of a mixture.
A mixture is composed of
that are but not

Some examples of

mixtures include

Two types of mixtures that are made with water are and

3. Solutions

Salt crystal
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When salt is sprinkled into a glass of water the and
ions on the surface of the crystal are attracted to the

The ions break away from the salt crystal and are surrounded by




The ions will gradually spread out evenly among the
molecules. It is now a saltwater

Solute

Solvent

Water’s allows it to dissolve

and molecules. Water is the greatest

known.

4. Suspensions
Other materials do not dissolve when placed in water. Instead they

Examples of suspensions include

5. Acids, Bases, and pH
A water molecule can react to form . This reaction can be summarized
by the following equation:

The double arrows are used to show

The pH scale indicates the concentration of ina

solution. The pH scale ranges from . At a pH of 7 the solution is
because

Pure has a pH of 7.

A pH below 7 indicates




A pH above 7 indicates

Each step on the pH scale represents a factor of
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Why do solutions with low pH values have so many H* ions?

Lye

[ ]
L

Increasing 12 |:||:| Ammoria
L

Acids
Bases
Buffers

The pH of the fluids within most cells in the human body must be kept between




2-3 Carbon Compounds/The Chemistry of Carbon
Organic chemistry is the chemistry of
The chemistry of carbon is special for two reasons:

(1)

1. Macromolecules

These molecules are made of thousands or

of smaller molecules. The smaller molecules are called

and the giant molecule they form is called a . The monomers
making up a polymer may be or

from each other.

The organic compounds found in living things are divided into four groups:

2. Carbohydrates
Carbohydrates are compounds made up of
and in a ratio of

Living things use carbohydrates as their
Plants and some animals also use carbohydrates for

The energy for cell activities comes from breaking down like
. Living things store extra sugars as
like
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Three carbohydrate polymers are shown above. Sketch a monomer in the space
to the right.

Sugars are composed of one or two monomers. List several sugars below and
identify them as having one monomer
or two monomers

The larger macromolecules composed of many monomers are called

Glycogen

Cellulose

3. Lipids
Lipids are large macromolecules that are in water.
Mostly composed of and atoms, lipids
include , , and
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Lipids can be used to store . Other ways cells use lipids
include:

Many lipids form when a combines with monomers
called
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Compare the lipid molecule above with the one pictured on page 46 of your text.
How are they different?

Saturated

Unsaturated
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4. Nucleic Acids
These macromolecules contain , ,

and atoms.
Their monomers are called Sketch
and label a cartoon-version of a nucleotide below.

Nucleic acids store and genetic

. There are two kinds of nucleic acid:

and

The sugar in a DNA monomer is while the
sugar in a RNA monomer is
5. Proteins
Proteins contain , ,
and atoms. Their monomers are called
There are about common amino acids found in all proteins. These are

found on the next page. How are they alike?

How are they different?

The portion that is different is called
The sequence of in a protein makes one protein
different from another. The shape of the protein will also depend on

(see the diagrams on page 14 of this handout)

How are proteins used in living things?
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Twenty standard Amino Acids

Nonpolar, aliphatic R groups

Aromatic R groups

COO~ C‘OO - COO~
Haﬁ—(lj—ﬂ Hsﬁ—(l}—H H31<T—(]3—H
CH, CH, (lsz
C=C\H
NH
OH
Phenylalanine Tyrosine Tryptophan

(|:OO (1100 (]JOO
H3f~I—(|3—H Haﬁﬁ(l]f}l Hgﬁ—(lj—H
H CHj4 CH
S
CH; CH;
Glycine Alanine Valine
(ll()() (IIOO (|JOO
HBN—(I}—H H.JN—cI:—H H,N—C—H
(|7H2 (l:Hg H—(i",—CH;g
/C‘I\{ (|3H2 (|3H2
CH; CHg S CH;
I
CHjy
Leucine Methionine Isoleucine
Polar, uncharged R groups
(IJOO (IIOO (|300
H,N—C—H H;,N—(l:—H H,;I;I—CI.‘.—H
CH,OH H—C—OH (|3H2
Hs SH
Serine Threonine Cysleine
(o{0]0] COO CO0
_H . .
.o HsN—C—H H;N—C—H
H,N CH, | |
[ I (IJH2 ?Hg
H.C CH, /C\ ?Hz
H,N 0 C
AR
H,N (0]
Proline Asparagine Glutamine
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Positively charged R groups

(EOO T (|300 5 (Il()O T
Hsth—C|1—H Hﬂﬂr—ﬁz—H H;.;DII—(I}—H
(FHQ ?HQ CH2
(|3H2 c|:H2 C—NH
O
‘NHj (|}=ﬁ—Hz
NH,
Lysine Arginine Histidine
Negatively charged R groups
COO~ COO~
+ +
H3N—(I]—H Hs;N— (lj—H
(IJHg (|3H2
COO~ (|3H2
COO~
Aspartate Glutamate
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(b) Hemoglobin

B chain

-Polypeptide
chain



CHyOH

O
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To demonstrate Proteins

o peptide
To demonstrate Lipids...

a phosphaelipid

To demonstrate Carbohydrates...

& er@

a disaccharide maltose

OHG- OMG- oMG-
SACECHARIDE SACCHARIDE SACCHARIDE

" g o

This will be a polysaccharide
To demonstrate Nucleic Acids. ..
|

a segment of DNA

2-4 Chemical Reactions and Enzymes
Everything that happens in an organism,

reactions.

1. Chemical Reactions
A chemical reaction is a process that

is based on chemical

reactants

products

Chemical reactions always involve changes in
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Carbon dioxide is produced by all cells as a

This CO, must be

However CO; is not very soluble in water and the blood could not dissolve
enough to carry it away. How is this problem solved by a chemical reaction?

2. Energy in Reactions
Energy is or whenever

Chemical reactions that release energy

Chemical reactions that absorb energy

An example of an energy releasing reaction is hydrogen gas reacting (burning)
with oxygen gas to produce water vapor. Write the equation below.

How do we know that energy is released from this reaction?

Explain why the reverse reaction (

will not happen spontaneously.

Where does the energy come from that fuels the chemical reactions in cells?
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activation energy

Reproduce the two graphs in Figure 2-19 on page 50. Explain the difference
between the two graphs.

3. Enzymes
Some chemical reactions are or have

to occur fast enough in living tissues. To solve this problem, cells make

A catalyst is

They work by

Enzymes are proteins that act as

and the chemical reactions that occur in cells.
&
A A =
Free
energy B B =
Reactants
Products

Reaction course



Identify the activation energy for both curves.

Enzymes are very specific. This means that

4. Enzyme Action

In order for a chemical reaction to take place, enough must
be present to

Enzymes provide a

Less activation energy is needed at this site because

The reactants in an reaction

are known as

o0 oo
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TE!_FAED ENZYME READY
ACTIVE =ITE FOR MODRE

In the above cartoon showing enzyme activity, label the substrate(s), enzyme-

substrate complex, reactants and product
Has the enzyme been altered by this reaction?

Why is this important?

Enzymes can be affected by their environment.

can effect enzymes and even destroy them.

What temperature do most human enzymes work best at?
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