Elongation Factors in Protein Synthesis

What does elongation factor 1A do?
Elongation factor 1A (eEF1A) is a highly abundant and multi-functional protein in eukaryotic cells
While its main "canonical" role is in protein synthesis, it also participates in a diverse range of other cellular processes. 
Canonical role in protein synthesis
During the process of translating messenger RNA (mRNA) into a polypeptide chain, eEF1A is a crucial player during the elongation phase. 
· It binds to a molecule of guanosine triphosphate (GTP) and an aminoacyl-tRNA (aa-tRNA).
· The eEF1A complex then escorts the correct aa-tRNA to the ribosome's A site.
· When a proper codon-anticodon match is detected, the GTP is hydrolyzed to GDP, causing the eEF1A to dissociate from the ribosome and allowing the next amino acid to be added to the growing protein chain. 
Non-canonical roles beyond translation
In addition to its central function in protein synthesis, eEF1A has numerous other roles throughout the cell. 
Cytoskeleton regulation
· eEF1A can bind to and bundle actin filaments, which are a major component of the cell's cytoskeleton.
· This activity is important for maintaining cell structure, cell movement, and regulating the dynamics of the cytoskeleton. 
Regulation of gene expression and transport
· In response to stress, like heat shock, the eEF1A1 isoform helps activate the transcription of heat shock proteins (HSPs).
· It aids in stabilizing and exporting HSP mRNA from the nucleus to the cytoplasm for translation. 
Protein quality control
· It helps in the breakdown of misfolded proteins by interacting with the proteasome, the complex responsible for protein degradation. 
Apoptosis (programmed cell death)
· eEF1A is involved in regulating apoptosis. Studies show that different isoforms of eEF1A can either promote cell survival or induce cell death, depending on the cell type and context. 
Oncogenic and pathogenic activities
· Overexpression or mutation of eEF1A is linked to the development and progression of various cancers.
· eEF1A is a key host factor that many viruses and other pathogens "hijack" for their own replication and survival. 
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What does elongation factor eEF2 do?
Eukaryotic elongation factor 2 (eEF2) is a crucial protein involved in the elongation phase of protein synthesis
. It works by facilitating the movement, or translocation, of messenger RNA (mRNA) and transfer RNA (tRNA) along the ribosome. This action allows the ribosome to read the next codon and continue adding amino acids to the growing polypeptide chain. 
Core function: Translocation
· eEF2 binds to the ribosome: After a new peptide bond is formed between the growing chain and the amino acid in the A-site, eEF2, bound to guanosine triphosphate (GTP), attaches to the ribosome.
· Movement of mRNA: The GTP is hydrolyzed, releasing energy that causes a conformational change in eEF2. This change physically pushes the ribosome and the mRNA strand by one codon.
· tRNA relocation: As the mRNA shifts, the tRNAs also move. The deacylated tRNA exits the P-site, the tRNA with the new polypeptide chain moves from the A-site to the P-site, and the A-site becomes empty to accept the next aminoacyl-tRNA.
· eEF2 recycling: After GTP hydrolysis, eEF2 releases from the ribosome as an inactive GDP-bound form, ready to be reactivated for the next cycle. 
Regulation of eEF2 activity
eEF2's activity is tightly regulated, as protein synthesis is a major consumer of cellular energy. The primary regulatory mechanism is phosphorylation by eukaryotic elongation factor 2 kinase (eEF2K), which inactivates eEF2. 
· Inactivation by eEF2K: When activated, eEF2K phosphorylates a specific site (Threonine-56) on eEF2, which prevents it from binding to the ribosome and halts translation elongation.
· Response to cell stress: eEF2K is typically activated under stressful conditions such as nutrient deprivation, hypoxia (low oxygen), and DNA damage. By halting protein synthesis, cells conserve energy during times of stress to improve survival.
· Activation signals: In contrast, signals that promote growth and cell division, such as insulin and growth factors, lead to the dephosphorylation of eEF2 and a corresponding increase in protein synthesis. 
Involvement in disease and dysfunction
The critical role of eEF2 in protein synthesis makes it a target for various diseases and toxins.
· Pathogenic toxins: Diphtheria toxin and Pseudomonas exotoxin A inactivate eEF2 by ADP-ribosylating a modified histidine residue, thereby blocking protein synthesis and causing cell death.
· Neurological disorders: Dysregulation of eEF2 phosphorylation is linked to cognitive deficits in conditions like Down syndrome and Alzheimer's disease. The eEF2/eEF2K pathway is also a target for the antidepressant effects of ketamine, which reduces eEF2 phosphorylation.
· Cancer: Overexpression or dysregulation of eEF2 is observed in many types of cancer, where it can promote tumor cell growth and survival, especially in nutrient-limited environments. Its role is complex and can be either tumor-promoting or tumor-suppressive depending on the cancer type. 
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Which elongation factor does diphtheria toxin inactivate?
Diphtheria toxin inactivates 
elongation factor 2 (eEF2). It does this through a process called ADP-ribosylation. 
The mechanism of inactivation
1. Entry into the cell: Diphtheria toxin binds to a receptor on the surface of a human cell and is taken inside.
2. Release of the catalytic domain: Once inside an endosome, the toxin is split into two fragments. The catalytically active fragment (Fragment A) is then released into the cell's cytoplasm.
3. ADP-ribosylation: Fragment A acts as an enzyme that transfers an ADP-ribose group from a molecule called NAD+ to a specific amino acid on the eEF2 protein.
4. Inhibition of translocation: This modification of eEF2 blocks its ability to function, halting the translocation step of protein synthesis and causing cell death. 

How does a single diphtheria toxin molecule kill an entire cell?
A single diphtheria toxin (DT) molecule can kill a cell 
due to its potent enzymatic activity and a mechanism that leverages the cell's own machinery to halt protein production. The toxin functions as an enzyme, meaning one molecule can inactivate many targets, leading to a domino effect that results in cell death. 
The catalytic mechanism
The process by which a single toxin molecule leads to cell death involves several steps: 
1. Entry and activation: The diphtheria toxin is initially a single, intact polypeptide chain. It binds to a specific receptor on the surface of a human cell, and the complex is internalized through endocytosis. Inside an acidified vesicle (an endosome), the toxin is cleaved by proteases, and a disulfide bond is reduced, releasing the catalytically active fragment A (DTA) into the cell's cytoplasm.
2. ADP-ribosylation: The DTA fragment acts as an enzyme called an ADP-ribosyltransferase. It catalyzes the transfer of an ADP-ribose group from a coenzyme called NAD+ to a specific, modified histidine residue (diphthamide) on eukaryotic elongation factor 2 (eEF2).
3. Inactivation of eEF2: The ADP-ribosylation reaction permanently inactivates eEF2. The inactivated eEF2 is unable to carry out its role in protein synthesis, which is to facilitate the movement of tRNA and mRNA along the ribosome.
4. Complete inhibition of protein synthesis: Since eEF2 is critical for the elongation step of translation, its inactivation by DTA brings all new protein production to a halt. Without the ability to synthesize new proteins, the cell can no longer perform vital functions necessary for its survival.
5. Catalytic amplification: The most critical factor is that DTA is an enzyme, not a stoichiometric toxin. It does not simply bind to and inactivate a single molecule of eEF2. Instead, one DTA molecule can catalytically inactivate thousands of eEF2 molecules, leading to the rapid and complete shutdown of protein synthesis.
6. Apoptosis and cell death: The irreversible cessation of protein synthesis triggers a cascade of events that leads to programmed cell death, or apoptosis. The cell essentially starves itself of all newly synthesized proteins, causing its rapid demise. 
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How are mitochondria shut down when this protein synthesis stops?
When protein synthesis is shut down by diphtheria toxin, mitochondria are indirectly shut down through a cascading series of events, primarily by disrupting the supply of essential, short-lived proteins
. This causes a decline in mitochondrial function, leading to mitochondrial dysfunction and eventually programmed cell death (apoptosis). 
Dependence on nuclear proteins
Mitochondria produce their own proteins using their own ribosomes, but only a small fraction of what they need. Most of the mitochondrial proteome is synthesized from genetic instructions in the cell's nucleus. Many of these nuclear-encoded proteins are crucial for maintaining mitochondrial health and energy production. 
When diphtheria toxin stops overall protein synthesis, the existing, stable mitochondrial proteins can continue to function for a time. However, the production of new proteins stops immediately, and the levels of short-lived proteins begin to drop. 
Consequences of a depleted proteome
The depletion of short-lived, nuclear-encoded proteins eventually affects the mitochondria in several ways:
· Respiratory chain assembly: The electron transport chain, which is responsible for oxidative phosphorylation and ATP generation, is made up of multi-protein complexes. Some subunits of these complexes are synthesized in the mitochondria, while others are imported from the cytoplasm. A lack of new, nuclear-encoded subunits prevents the assembly and maintenance of these complexes, crippling the cell's ability to produce energy.
· Loss of membrane potential: As the electron transport chain begins to fail, the proton gradient across the inner mitochondrial membrane collapses. This loss of membrane potential is a key indicator of mitochondrial dysfunction and cell stress.
· Increased reactive oxygen species (ROS): The breakdown of the electron transport chain also leads to the increased production of damaging reactive oxygen species (oxidative stress).
· Triggering of apoptosis: These forms of mitochondrial damage can trigger the release of pro-apoptotic proteins like cytochrome c from the mitochondria. The release of cytochrome c from mitochondria is a central event in activating the cell's programmed self-destruction pathway.
· Activation of stress response pathways: The cell recognizes the dysfunction through stress-sensing pathways. For instance, the loss of mitochondrial membrane potential triggers the protease OMA1, which processes the OPA1 protein, altering mitochondrial morphology and signaling for the elimination of the damaged organelle. 
By preventing the continuous production of the proteins needed to sustain them, diphtheria toxin effectively starves the mitochondria into a state of failure, leading to cell death. 
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