
Review ?  -
What are the four macromolecules?
• Lipids

• Carbohydrates

• Protein

• Nucleic Acids

• What is the monomer of nucleic acids and 
what do nucleic acids make up?

• Nucleotides; DNA and RNA



12-1  DNA



DNA Stands for…
DNA: Deoxyribonucleic acid
•Very large biomolecule made up of monomers 
called nucleotides

•Called the “blueprints of life” because it 
contains genetic information for the 
construction of proteins to make up who we are.



Floats freely in 
the cytoplasm 
of__________

DNA is 
protected in 
the nucleus 
of__________
.

Quick Refresher - Where is DNA located?  
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Chromosomes and DNA
• A gene is a segment of DNA.

• Genes are organized and packaged in units 
called “chromosomes.”

• Each gene codes for a certain protein.



DNA is made of nucleotides
• Nucleotide is a monomer of nucleic acids made up of 3 

parts

– Deoxyribose sugar (5-carbon sugar)

– Phosphate group

– Nitrogen base (4 kinds)
• Adenine (A)

• Guanine (G)

• Cytosine (C)

• Thymine (T)



Adenine pairs with Thymine (straight letters)

Guanine pairs with Cytosine (curved letters)

Base Pair Rule (Chargaff ’s Rule):



Base Pair Rule Practice

• What is the complimentary base sequence for 

• A T G C T A C G C



DNA Structure
• Made of 2 strands that wrap around each other to form a double 

helix (looks like a spiral staircase)

• The sides (a.k.a. the backbone) : Alternating Sugar, phosphate, 
sugar, phosphate

• The middle: Nitrogen bases paired together. (A-T, and C-G)



Copyright Pearson Prentice Hall

Q: DNA is a long molecule made of 
monomers called  

a. nucleotides.

b. purines.

c. pyrimidines.

d. sugars.
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Q: In DNA, the following base pairs 
occur:

a. A with C, and G with T.

b. A with T, and C with G.

c. A with G, and C with T.

d. A with T,  and C with T.
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12-2 Chromosomes and DNA 
Replication

12–2 Chromosomes and DNA Replication



Replication of DNA

• DNA molecules can build an exact copy of 
itself. This is called Replication.

• Replication is important for reproduction 
and must occur every time a cell divides.



Steps to DNA Replication
1. In the nucleus, weak hydrogen bonds break between 

the nitrogen bases of DNA (A, T, G, C).
2. This causes the DNA to unzip like a zipper.
3. Enzymes in the nucleus, called DNA Polymerase, 

directs free floating nucleotides in the nucleus to 
attach to each strand following the rules of base 
pairing.

4. Each strand serves as a template for the new strand.
5. This results in two identical strands of DNA.
6. This is called Semi- Conservative Replication, 

producing two copies of DNA that each contain one 
of the original strands

Semi - Conservative Replication Video

https://www.youtube.com/watch?v=Tjl_BBQtXNE
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DNA Replication

Nitrogen Bases

Replication Fork

DNA Polymerase

Replication Fork

Original strandNew Strand

Growth

Growth

DNA polymerase joins individual nucleotides to 

produce a DNA molecule and then 

“proofreads” each new DNA strand to check 

for errors and fix them.

Resources/ActiveArt/index.html
Resources/ActiveArt/index.html
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Q: The first step in DNA replication is 

a. producing two new strands.

b. separating the strands by breaking 
hydrogen bonds.

c. producing DNA polymerase.

d. correctly pairing bases.
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Q: A DNA molecule separates, and the 
sequence GCGAATTCG occurs in one strand.  
What is the base sequence on the other 
strand?

a. GCGAATTCG

b. CGCTTAAGC

c. TATCCGGAT

d. GATGGCCAG
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Q: In addition to carrying out the replication of DNA, 
the enzyme DNA polymerase also functions to

a. unzip the DNA molecule.

b. regulate the time copying occurs in the 
cell cycle.

c. “proofread” the new copies to minimize 
the number of mistakes.

d. wrap the new strands onto histone 
proteins.



12-3 RNA and Protein Synthesis



What is protein Synthesis?



What are PROTEINS?

Bone and Teeth

Muscle

Cartilage

Skin

Nails

Hair

Hemoglobin

Enzymes

Antibodies

A category of molecules, each with a unique shape, 

found EVERYWHERE in your body, required for the 

structure and function of our body:

Proteins comprise:



Q: Do you remember the four macromolecules 
(we just reviewed this)? 

• Lipids

• Proteins

• Carbohydrates

• Nucleic Acid

Q: What monomer makes up proteins?

• Amino Acids



Proteins (polymers) are made up of long chains of amino acids 
(monomers) attached together. 

There are thousands, maybe 
millions, of different kinds of 

proteins in living things.

There are 20 different 

kinds of amino acids

found in living things



Imagine that the twenty kinds of amino acids are like twenty 
different kinds of beads in a bead kit……                         and 

we have an unlimited supply of them.



You could make an infinite number of different necklaces 
from just those 20 different kinds of beads.

Different colors, sequences, shapes, and lengths

EACH NECKLACE HAS A DIFFERENT FUNCTION



Likewise, there are endless kinds of proteins
that can be made from only 20 different amino 
acids, and each protein is a different function 

in living things!

Chain of amino 

acids

protein



DNA code RNA code Protein
Transcription –

mRNA molecule is 

transcribed from  

DNA

Translation –

protein built

from mRNA code 

(takes place in the 
nucleus)

(takes place in the 
cytoplasm)

Overview of Protein Synthesis -

the process to make a protein? 



Q: What is RNA
RNA stands for ribonucleic acid 

RNA is like DNA (it’s comprised of nucleotides),  with a few 
differences:

 Sugar is different (ribose instead of deoxyribose)

 Nitrogen-containing bases include:
Adenine
Cytosine
Guanine
Uracil (not Thymine!!)

 RNA is a single stranded (not double…                                              
….the bases are unpaired)
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3 Types of RNA

•Types of RNA

–There are three main types of RNA:

• messenger RNA

• ribosomal RNA

• transfer RNA



Messenger RNA

• Messenger RNA (mRNA)– the “mirror image” 
of a DNA code (except Uracil replaces 
Thymine); serves as the template from which 
proteins (specific amino acid sequences) are 
built, Carries code from the nucleus to the 
ribosomes.



Ribosomal RNA

• Ribosomal RNA (rRNA)–
Ribosomes are made up of 
proteins and ribosomal RNA 
(rRNA).

• “reads” the mRNA code 
during protein synthesis



Transfer RNA
• Transfer RNA (tRNA)–

found in the cytoplasm,

delivers one amino acid to 

the ribosome during 

protein synthesis
Growing amino acid chain to 

make a protein

Place of rRNA



TRANSCRIPTION
The process by which a mRNA molecule is                                             

constructed from a DNA code; occurs in the 

nucleus of a cell

1. With the help of enzymes (RNA polymerase), DNA and 

separates the DNA strands. 

2. RNA polymerase then uses one strand of DNA as a 

template from which nucleotides are assembled into a 

single strand of RNA

3. The mRNA strand detaches from the DNA 

4. The DNA “re-zips” Remember: RNA does not have the 

nucleotide Thymine, but has Uracil 

instead, so the Adenine on DNA with 

base pair with Uracil (A=U) 
animation

http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/transcription.swf
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Transcription 

RNA

RNA polymerase

DNA

Resources/Movies/vaprotei.mov
Resources/Movies/vaprotei.mov


Lets Practice

Given the DNA sequence below, what would be 
the mRNA code ?

A T T C G G G A T A A C C T
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The Genetic Code
•A codon consists of three consecutive 
nucleotides on mRNA that specify a particular 
amino acid that will build the protein.
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The Genetic Code
• Some amino 

acids can be 
specified by 
more than one 
codon.



Translation is the decoding of an mRNA 
message into a polypeptide chain to make 

a protein.

Translation takes place on ribosomes. 
During translation, the cell uses 

information from messenger RNA to 
produce proteins.

animation

TRANSLATION

http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/translation.swf
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Before translation begins…..

Nucleus

mRNA

Messenger RNA is transcribed in the nucleus, 
and then enters the cytoplasm where it 
attaches to a ribosome.

Resources/ActiveArt/index.html
Resources/ActiveArt/index.html
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Translation
•Translation begins when an mRNA molecule 
attaches to a ribosome and the start codon 
“AUG” is read, signifying the start of the amino 
acid chain.

•As each codon of the mRNA molecule moves 
through the ribosome, the proper amino acid is 
brought into the ribosome by tRNA.

•In the ribosome, the amino acid is transferred 
to the growing amino acid chain.
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Translation - tRNA

•In addition to an amino 
acid, each tRNA molecule 
has three unpaired bases. 

•These bases, called the 
anticodon, are 
complementary to one 
mRNA codon.
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Lysine
tRNAPhenylalanine

Methionine

Ribosome 

mRNA
Start codon

•The ribosome binds new tRNA molecules and 
amino acids as it moves along the mRNA. tRNA 
molecules are reused to get more amino acids.
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The process continues until the ribosome 
reaches a stop codon, signifying the end of 
the polypeptide.

Polypeptide

Ribosome

tRNA

mRNA
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Q: A base that is present in RNA but NOT in 
DNA is

a. thymine.

b. uracil.

c. cytosine.

d. adenine.
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Q: The nucleic acid responsible for bringing 
individual amino acids to the ribosome is

a. transfer RNA.

b. DNA.

c. messenger RNA.

d. ribosomal RNA.
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Q: A codon typically carries sufficient 
information to specify a(an) 

a. single base pair in RNA.

b. single amino acid.

c. entire protein.

d. single base pair in DNA.



Transcription and Translation
label the following diagram using the following terms

polypeptide (protein) DNA tRNA mRNA

Amino acid ribosome codon anticodon



OPTIONAL - PRACTICE WITH THE 
CODE

-transcription and translation-
learn.genetics.utah.edu/units/basics/transcribe

http://learn.genetics.utah.edu/content/begin/dna/transcribe/


12.4  Mutations
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.



What Are Mutations?

• Changes in the nucleotide sequence of 
DNA 

• May occur in somatic cells(body cells), 
these are passed to offspring

• May occur in gametes(sex cells) and 
can be passed to offspring



Kinds of Mutations

• Mutations that produce changes in a single 
gene are known as gene mutations.

• Mutations that produce changes in whole 
chromosomes are known as chromosomal 
mutations.



Gene Mutations

Gene mutations involving a change in one 
or a few nucleotides are known as point 
mutations because they occur at a single 
point in the DNA sequence. 

Point mutations include substitutions, 
insertions, and deletions.
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Resources/Movies/vapointm.mov
Resources/Movies/vapointm.mov
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Kinds of Gene Mutations

Substitutions
usually affect no 
more than a single 
amino acid. A base 
is substituted for 
another base.



• Sickle Cell disease is 
the result of one 
nucleotide 
substitution
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Kinds of Gene Mutations

The effects of insertions or deletions are more 
dramatic.

The addition or deletion of a nucleotide causes a 
shift in the grouping of codons, therefore proteins 
are built incorrectly.

Changes like these are called frameshift mutations.

Predict: What will happen to the amino acid 
sequence?
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Kinds of Gene Mutations

In an insertion, an 
extra base is inserted 
into a base sequence.



In a deletion, the loss of a single base is deleted 
and the reading frame is shifted.  Amino Acid 

Sequence Changed
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Kinds of Chromosomal Mutations

Chromosomal Mutations

Chromosomal mutations involve changes in the 
number or structure of chromosomes, break or 
are lost during mitosis or meiosis. 

Chromosomal mutations include deletions, 
duplications, inversions, and translocations.
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Kinds of Chromosomal Mutations

Deletions involve the loss of all or part of a 
chromosome.
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Kinds of Chromosomal Mutations

Duplications
produce extra 
copies of parts of 
a chromosome 
(sequence 
repeated).

Resources/Movies/vaduplic.mov
Resources/Movies/vaduplic.mov
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Kinds of Mutations

Inversions reverse the direction of parts of 
chromosomes.
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Kinds of Chromosomal  Mutations

Translocations occurs 
when part of one 
chromosome breaks off 
and attaches to another.

Resources/Movies/vatransl.mov
Resources/Movies/vatransl.mov


Are Mutations Helpful or Harmful?

• Mutations happen regularly
• Almost all mutations are neutral 
• Chemicals & UV radiation cause 

mutations
• Many mutations are repaired by 

enzymes   
– Do you remember the name of that 

enzyme?
• DNA polymerase



Are Mutations Helpful or Harmful?

• Some type of skin cancers and 
leukemia result from somatic (body 
cell) mutations

• Some mutations may improve an 
organism’s survival (beneficial)
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Q: The type of point mutation that usually affects 
only a single amino acid is called

a. a deletion.

b. a frameshift mutation.

c. an insertion.

d. a substitution.
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Q: A mutation that affects every amino acid 
following an insertion or deletion is called a(an) 

a. frameshift mutation.

b. point mutation.

c. chromosomal mutation.

d. inversion.
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Q: When two different chromosomes exchange 
some of their material, the mutation is called 
a(an)

a. inversion.

b. deletion.

c. substitution.

d. translocation.


