
Unit 6: Molecular Genetics
Chapter 17 

From Gene to Protein



Thoughts Before We Begin

Besides our next unit on evolution, the concept of how genes 
are expressed is a major key in the study of biology this year. 
There is a large evolutionary component within gene 
expression because although genes are expressed differently 
among organisms, the concept of a gene (and the genetic 
code) is universal. In addition, the change in a gene 
(mutation) can greatly affect a protein’s structure and 
function, subsequently changing a phenotype and affecting 
the organism.     



Chapter 17 begins the unit with how DNA controls the 
making of a protein and how mutations can affect a protein. In 
other words, how genes are expressed.

Chapter 18 then deals with how genes expression is 
regulated in the organism, differentiation of cells via gene 
expression, and genetic changes causing cancers.

Chapter 20 introduces biotechnology and genetic 
engineering via bacterial transformation.      

The Chapters



The assessments in this unit are going to be given in the format of free-
response questions structured like you will find them on the AP exam in 
May. We will start Friday for the first free-response assessment 
(transcription). We will review answers and discuss how to improve. This 
format will assess your knowledge of the unit as well as develop your 
skills in writing successful free response answers.

We will lecture throughout this week, in order of the chapters, so please 
continue working to complete your ARGs. In addition, you need to 
immerse yourself in this unit by finding useful videos, completing practice 
tests, creating your own summaries, etc; listening to the lectures will not 
be enough. Questions?

 

     

The Chapters



Background/Experimentation
How much DNA do we have? 

● Humans have 46 chromosomes 
(23 homologous pairs) in each of 
their somatic (body) cells. Each 
condensed chromosome is one 
long strand of DNA.

● An average gene is made up of 
about 25,000 nucleotide base 
pairs.

   

● Scientists believe that humans have 
about 25,000 different protein-coding 
genes. 

● Although only 4 nitrogenous bases 
exist that make up our entire genome, 
the arrangement of these, like 
creating different words, allows the 
diversity and variation of genes, 
proteins, and traits across the human 
species and between all organisms on 
Earth.    



Background/Experimentation

How does a sequence of DNA nucleotides ultimately lead to a 
specific trait? 

Sequence of 
DNA

nucleotides

Brown hair
Albinism

Blood type AB



Background/Experimentation

● In the albino deer example from text, the deer has a faulty 
version of a key enzyme controlling pigment production.

● Proteins are the link between genotype and phenotype  

Genotype
(aa)

Phenotype
(albinism)

Proteins



Background/Experimentation

● Gene expression: DNA directs the synthesis of proteins. 
The specific protein made provides some function in the 
organism (enzyme, hemoglobin, keratin, etc.).



Background/Experimentation
Experiments by Beadle & Tatum & colleagues in early 1900’s

● Used a species of mold (neurospora); bombarded with x 
rays to cause mutations in DNA

● Grew both wild-type and mutants in agar medium
● Mutants could not grow without key nutrients (specifically 

certain amino acids)
● Concluded that a gene (which had been mutated by x 

rays) controls the production of one specific enzyme
● Led to the “one gene-one enzyme” hypothesis



Background/Experimentation
Experiments by Beadle & Tatum & colleagues in early 1900’s

● This hypothesis was modified later because:
a. Not all proteins are enzymes
b. Some proteins are made up of more than one 

polypeptide strand 
● Became “one gene-one polypeptide” hypothesis



Overview

DNA

Double-stranded

Deoxyribose sugar

A, C, G, and T

RNA

Single-stranded

Ribose sugar

A, C, G, and U

Bridge between DNA and protein synthesis is RNA



Interesting Side Note about RNA
Scientists believe that RNA was actually the first nucleic 
acid (before DNA) and the reason uracil was modified into 
thymine in DNA is that uracil easily breaks down to 
cytosine. DNA would have no way to distinguish between 
true cytosine and the mutated cytosine which would cause 
lots of problems in the genetic code. 

Uracil is energetically ‘less expensive’ so it is still used in 
short-lived RNA. 

So, thymine actually replaced uracil!



Overview
Because nucleic acids (DNA & RNA) are made from 
nucleotide monomers and proteins are made of amino 
acid monomers, they are considered different chemical 
“languages”

To get DNA to protein requires two stages: 
● Transcription
● Translation
 



Overview
Transcription: synthesis of RNA using information in DNA

● DNA and RNA are different forms of the same 
language 

● So, RNA ‘rewrites’ (transcribes) the DNA code into 
an RNA format

● Messenger RNA (mRNA) does this job
● Occurs in the nucleus (where the DNA is)  

 



Overview
Translation: synthesis of a polypeptide using information 
from mRNA

● Here, there is a change in language: the cell must 
‘translate’ the nucleotide sequence in mRNA into 
the amino acid sequence of a polypeptide

● The sites of translation are ribosomes, so it occurs 
in the cell’s cytoplasm 

 



Overview
In prokaryotic cell, because no nucleus, translation can 
actually happen simultaneously with transcription.

In eukaryotic cell, there has to be some pre-processing of the 
RNA to make mRNA, so translation and transcription is 
separated by both space and time. 



Overview
The Central Dogma of Biology

DNA RNA Proteins 

 

Dubbed by Francis Crick in 1956 - still holds up well today!



The Genetic Code
There are only 4 different nucleotides in DNA/RNA to specify 
20 amino acids. How will this work?

The triplet codon! Three nucleotide bases code for one amino 
acid. 

Three-nucleotide ‘word’ in DNA Three-nucleotide 
‘word’ in mRNA chain of amino acids 



The Genetic Code



The Codon Chart



The Genetic Code
A few thoughts on amino acids:

● Hundreds of amino acids exist on Earth; many are non-protein 
amino acids that function as metabolic intermediates. 

● Only twenty amino acids are encoded directly by the codons of the 
universal genetic code. These 20 are considered ‘biologically 
active’ because they are the only amino acids humans need to 
make all necessary proteins.

● Of the 20, nine are essential, meaning we must consume foods 
containing these in our diets. The others can be synthesized from 
other dietary nutrients or through various biochemical pathways.  

 



The Genetic Code
Protein functions are wide and varied:

● Transport molecules (hemoglobin) or membrane transport
● Structural molecules (keratin, collagen, actin, myosin)
● Enzymes
● Antibodies
● Regulatory proteins for gene expression (cAMP, repressors, 

inducers) or other regulatory functions 
● Signaling molecules (hormones, neurotransmitters, growth 

factors)
 



The Genetic Code
An mRNA molecule is complementary (rather than identical) to 
its DNA template via base-pairing rules.

During transcription, one of the DNA strands is used as the 
coding strand, called the template strand.

If this is the template DNA strand, what becomes the 
complementary mRNA strand (also antiparallel)?

3’ ACGACCAGTAAA 5’ DNA
5’ UGCUGGUCAUUU 3’ mRNA

 



The Genetic Code
The genetic code is nearly universal across all domains 
(eukarya, bacteria, and archaea)! 

For example, the codon CCG codes for the amino acid, proline, 
in all organisms whose genetic code has been studied.

This is good news for biotechnology: we can insert human genes 
into bacteria to promote bacteria to synthesize needed 
substances, like insulin.    

 



Transcription - In Detail
RNA polymerase separates the two DNA strands and joins RNA 
nucleotides together complementary to the DNA strand (no primer 
needed).

Adds nucleotides in the 5’ to 3’ direction (adding nucleotides on the 
3’ end only).

This process requires a promoter (a specific DNA sequence) on 
the DNA strand that signals where mRNA synthesis will start.

The stretch of DNA that is transcribed into mRNA is called the 
transcription unit.   

 



Transcription - In Detail
Initiation
1. The promoter region on DNA will bind RNA polymerase.
2. The two DNA strands begin to unwind. 
Elongation
1. RNA polymerase moves along DNA, unwinding, and exposing 

about 10-20 nucleotides at a time for pairing with mRNA 
nucleotides.

2. As the mRNA strand is synthesized, it peels away from the DNA 
template strand and the double-helix reforms.

Termination
The newly synthesized mRNA detaches from the DNA and in 
eukaryotes, requires some modification before translation can occur. 
In prokaryotes, no modification is required. 

 



Modifications Necessary
mRNA must be modified in eukaryotes before translation begins.

One example is the alterations of both ends of the new mRNA 
strand: 

5’ cap - A guanine nucleotide with three phosphates attached, 
(also called a GTP cap) added to the 5’ end. 
Poly-A tail - Series of adenine nucleotides added to the 3’ end. 

Functions: Helps export the new mRNA from the nucleus, helps 
protect the strand from degradation, and helps ribosomes to 
attach to the strand in the cytoplasm for translation.  

 



Modifications Necessary
RNA splicing: cut-and-paste style of newly synthesized 
transcription unit (new mRNA); like video editing. Remember, a 
triplet signifies one amino acid, so there ends up being a lot of 
extra, non-coding nucleotides. These non-coding segments are 
called introns (intervening). The actual coding segments are 
exons (they are eventually expressed).     

 



Translation - In Detail
Translation = RNA        protein

The newly synthesized mRNA transcription unit leaves the 
nucleus and enters the cytoplasm. The translator is called 
transfer RNA or tRNA. 

Function of tRNA: transfers amino acids from cytoplasm to a 
growing polypeptide chain in a ribosome. 

tRNA molecules are not identical. Each different tRNA can 
translate a particular codon on mRNA and then carry only that 
one type of amino acid. 

 



Translation - In Detail
At one end of a tRNA is the amino acid its carrying. On the other end is a 
nucleotide triplet called an anticodon, which base-pairs with the 
complementary codon on the mRNA.

Example: Consider the mRNA codon GGC (codes for glycine). The tRNA 
anticodon for this codon will be CCG. Hydrogen bonds temporarily hold 
the codon and anticodon together. 

tRNA leaves off its amino acid and is used over and over again to bring 
that one amino acid to the ribosome/mRNA. 

Interesting note: tRNA is transcribed by DNA just like mRNA and it has to 
go through some pre-processing too before it goes out into the cytoplasm!

 



Translation - In Detail
Ribosomes: The facilitators of translation.

Ribosomes consist of a large subunit and small subunit. These subunits 
hold the mRNA strand and three tRNAs at a time during translation. 

Ribosomes are made up of proteins and another type of RNA, rRNA 
(which is also transcribed from DNA). Here, the rRNA doesn’t code for 
anything but serves as an enzyme catalyst for peptide bonding between 
the amino acids.

 



Translation - In Detail
Initiation
1. This step brings together mRNA, tRNA, and the ribosome (initiation 

factors bring these together).
2. An initiator tRNA brings the amino acid, methionine, with codon AUG. 

This is universal start codon. This codon signals the exact starting 
point of translation.

3. Energy in the form of GTP is required for translation.

Elongation
1. Amino acids are added one by one starting at the start codon. 

Elongation factors make this happen. 
2. The mRNA moves through the ribosome, 5’ end first, as it’s being 

translated.

 



Translation - In Detail
Termination
1. Amino acids will be added until a stop codon on mRNA is reached. 

There are three stop codons and they don’t code for an amino acid.
2. A release factor binds to the stop codon and a hydrolysis reaction 

occurs, breaking the bond between the last tRNA and the last amino 
acid, releasing the new polypeptide chain. 

Quick thought about proteins: The new protein will need to go through some 
modifications to complete the protein synthesis process. Some polypeptides will 
join together into their quaternary structure to be fully formed. 

Quick thought about ribosomes: Ribosomes floating freely in the cytoplasm 
usually synthesize proteins that will stay in that cell and be used. Ribosomes 
attached to ER make proteins that will be used specifically to build organelles in 
the cell or will be shipped out of cell.  

 



Mutations
Mutations are responsible for genetic diversity because they are 
ultimately the source of new genes (evolution).

Chromosomal rearrangements (inversions, deletions, duplications, 
translocations) affect long segments of DNA. These are large-scale 
mutations.

Point mutations are changes in a single nucleotide pair; small-scale. 
This may just change the structure or function of the protein made. This 
change could be harmless or it could be problematic. Could also be 
advantageous. If the mutation occurs in a gamete, it could be passed to 
offspring and future generations. If the new phenotype has an adverse 
affect on the organism, we call it a genetic disorder. 

 



Mutations
Silent mutations just change a codon but still codes for the same amino 
acid as before, so no issue.

Missense mutations change just one amino acid and usually doesn’t 
affect the protein

Nonsense mutations change an amino acid into a stop amino acid and 
the protein is nonfunctional. 

Insertions and deletions can have adverse effects because they lead to 
frameshift mutations; everything after the mutation has shifted:

the cat saw the dog - remove the ‘a’ in cat and the code becomes,
the cts awt hed og 

 



Mutations
Insertions and deletions can have adverse effects because they lead to 
frameshift mutations; everything after the mutation has shifted:

the cat saw the dog - remove the ‘a’ in cat and the code becomes,
the cts awt hed og 

If the DNA code has changed this much, now the mRNA that is suppose 
to be transcribed is incorrect and protein does not get made.

Errors usually happen during DNA replication; errors can be repaired 
before protein synthesis.

Mutagens (physical and chemical agents) lead to mutations (x rays, UV 
light, carcinogens). 

 



The Gene is Universal
 
While the general idea of transcription and translation are similar 
across the three domains, many details of protein synthesis differ 
between them.

However, the idea of the gene itself is universal!

The next chapter (18) focuses on regulation of gene expression and 
differentiation of cells. This has to be tightly controlled - you wouldn’t 
want the cells of the lens of your eye to start expressing genes for 
hair proteins! A given type of cell expresses only a subset of genes.

 


