D1.2 Protein Synthesis Study Guide
Summary
Protein synthesis is the fundamental biological process by which cells translate genetic information into functional polypeptide chains. This process is divided into two primary stages: transcription, where a DNA template is used to synthesize RNA, and translation, where the mRNA sequence is decoded into an amino acid sequence.
The study of protein synthesis addresses two fundamental biological questions:
1. Sequence Production: How cells convert a linear sequence of DNA bases into a functional three-dimensional sequence of amino acids through the intermediates of mRNA and tRNA.
2. Reliability: How the cell ensures accuracy through complementary base pairing and the conservation of stable DNA templates.
The reliability of this system is underpinned by complementary base pairing, the stability of DNA templates, and a universal, degenerate genetic code. Advanced regulatory mechanisms, particularly in eukaryotic cells, include post-transcriptional modifications such as alternative splicing, which allows a single gene to produce multiple protein variants. The maintenance of a functional proteome requires not only precise synthesis but also the constant recycling of amino acids via proteasomes and the post-translational modification of polypeptides into their active states.
Furthermore, the diversity of the proteome, driven by mechanisms like alternative splicing and post-translational modification, is essential for the complex functioning of the cell. All these processes are inextricably linked to the physical properties of hydrogen bonding, which facilitates the interactions between DNA, RNA, and ribosomes.
Key Terms

Anticodon
Codon
Degeneracy
Exon
Intron
mRNA (Messenger RNA)
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A. Transcription: From DNA Template to RNA

1. Describe the process of transcription.


2. Explain the role of RNA polymerase and base pairing during transcription.
Enzymatic Action: 

Complementary Pairing: 

Directionality: 

3. Describe the importance of the stability of the template sequence throughout the life of the cell for the purposes of gene expression. (In other words, why do the sequences need to be conserved?)
Conservation of Sequences: 





4. Are all genes expressed simultaneously? How is this controlled?
Regulation: 




5. Explain how gene expression begins.
Initiation: 

B. Non-Coding DNA Sequences 

6. There are many parts of our genome that are non-coding. Explain what this means, and include some examples. 



C. Post-Transcriptional Modification in Eukaryotes (AHL)

7. Before mRNA can be translated in eukaryotic cells, it must undergo several modifications to become "mature" mRNA. Complete the following table by describing each of the following modifications. 
	Modification
	Description

	Splicing
	


	Alternative Splicing
	


	5' Capping
	


	3' Polyadenylation
	




D. Translation: Polypeptide Synthesis

8. Describe the process of translation. 


9. There is a lot of biological machinery associated with translation. Describe the role of each of the following: 
mRNA: 

Ribosomes (also, what is the role of each of the subunits?): 

tRNA: 

E. The Genetic Code

10. The genetic code is defined by several key features. Describe each of the following as they pertain to the genetic code and translation.
Triplet Code: 

Degeneracy: 

Specificity:

Universality: 
F. The Process of Translation
11. Translation follows a 5' to 3' direction and involves distinct ribosomal binding sites. For each of the following, describe the role they play in translation.
Initiation: 

Elongation: 

A site: 

P site: 

E site: 

Linkage (describe the types of bonds formed in the growing polypeptide): 

Termination: 

G. Protein Maturation and Proteome Maintenance

12. The synthesis of a polypeptide chain is often not the final step in producing a functional protein. Describe post-translational modification, providing an example with your description.


H. Proteasomes and Recycling

13. Describe the function of a proteasome and the purpose of this organelle.



I. Impact of Mutations
14. Mutations can disrupt the integrity of protein structure. Describe the impact of a point mutation.



Protein Synthesis Review Quiz
Instructions: Answer the following questions in two to three sentences, using the information discussed in class.
Questions
1. Describe the primary role of RNA polymerase during the process of transcription.
2. Explain how complementary base pairing differs between DNA replication and transcription regarding adenine.
3. Why are the stability of DNA templates particularly important in non-dividing somatic cells?
4. How does the cell use transcription as a mechanism for gene regulation?
5. What is the structural relationship between mRNA and the ribosome during the initiation of translation?
6. Define the terms "codon" and "anticodon" and explain their interaction.
7. What is meant by the "universality," "degeneracy," and “specificity” of the genetic code?
8. Identify three types of non-coding DNA sequences found in eukaryotes and their general functions.
9. Explain the process and purpose of alternative splicing in eukaryotic cells.
10. Describe the function of proteasomes in maintaining a cell's proteome.


Practice Essay Questions 
Instructions: Answer the following questions in 3 to 5 sentences, using the information discussed in class.
1. The Mechanism of Transcription: Analyze the roles of RNA polymerase, promoters, and transcription factors in the synthesis of RNA, emphasizing the 5' to 3' directionality of the process.
2. Accuracy and Reliability: Discuss how hydrogen bonding and complementary base pairing ensure the reliability of protein synthesis during both transcription and translation.
3. Post-Transcriptional Processing: Evaluate the significance of introns, exons, 5' caps, and 3' polyA tails in the maturation of mRNA within eukaryotic cells.
4. Ribosomal Dynamics: Detailed the movement of the ribosome along mRNA, focusing on the roles of the A, P, and E binding sites during the elongation of a polypeptide chain.
5. From Polypeptide to Function: Using the example of pre-proinsulin, explain why many polypeptides require post-translational modification and how proteasomes contribute to the regulation of the cell's proteome.

