Chaperones, Quality Control, and Turnover

Molecular Chaperones
· Protein that binds a non-native conformation of another protein and by controlled binding and release, facilitates it correct fate

· Prevent incorrect interactions within and between non-native polypeptides

· Increase yield but not the rate of folding reactions

· Differ from folding catalysts, which actually accelerate intrinsically slow steps in the folding of proteins

· Binding to substrate polypeptides is reversible and dependent on ATP hydrolysis

Turnover

· Degradation occurs continuously over the lifetime of the cell (whether dividing or not)

· Best known pathways ( lysosomal and ubiquitin-mediated
· Regulation ( activity of hydrolysis catalyzing enzymes must be tightly regulated

· 2 general strategies for regulation

· compartmentalization
· selective activation

· lifespan of a molecule ( half-life

Lipid degradation

· The division between degradation and remodeling is indistinct ( individual lipids can be rapidly remodeled through simple reactions
· Glycerophospholipids
· Some degraded in lysosomes
· Remodeling is the more likely fate
· Both fatty acyl chains and headgroups can be exchanged for another
· Also important in signal transduction
· Phingolipids
· Degradation and remodeling is centralized in the cell
· Degraded to ceramide predominantly in lysosomes
· Sugar resides removed sequentially by lysosomal glycosidases
· Cholesterol
· Turnover is completely different than the other 2 major classes of lipids
· Cells cannot degrade
· Levels are determines bu a complex balance of andogenous synthesis, uptake of extracellular cholesterol, and efflux of intracellular to vascular fluids
Protein degradation

· Functions
· Disposal of abnormal protins

· Metabolic ctrl

· Cell differentiation and development

· Cell cycle and proliferation ctrl

· Antigen presentation

· Characteristics

· Turnover is extensive

· Degradation of most proteins appears to be random

· Individual proteins, even within the same organelle, turnover at very different rates
· Key regulatory proteins have very short half-lives, or are degraded specifically at a given point in the cell cycle

· Intrinsic rate of degradation of a protein is determined at 2 levels

· Global properties (size, charge, flexibility, hydrophobicity, folding & assembly)

· Specific sequence or structural motfs (degradation signals)

· Rates can be altered by increasing the activity of a degradation pathway or by exposing a degradation motif
Degradation by proteasomes

· Soluble proteolytic systems in the cytosol and nucleus that degrade most short-lived proteins.
· Two forms:
· 20S
· 26S
· Two complexes that make up the proteasome
· The core (20S)
· The cap (19S)
· The different catalytics subunits of the 20S proteasome cleave peptide bonds carboxy-terminal to basic, hydrophobic, and acidic amino acid residues.
· The 26S particle seems to degrade proteins tagged with ubiquitin in an ATP-dependent manner
· Ubiquitin ( a highly conserved, ubiquitous protein of 76 AA
· Is reversibly joined to other proteins in a series of rxns

· 3 classes enzymes required for ubiquitination (E1, E2, E3)

· E1 activates ubiquitin, and activated ubiquitin is then conjugated to one of the E2 enzymes
· Ubiquitin is transferred to a substrate protein conjunction with an E3 proteins (ubiquitin ligase).  E3 is required for the recognition of substrates.

· The C-terminal glycine residue of ubiquitin forms an isopeptide bond with the ε-amino group of lysines in target proteins
· A specific lysine in ubiquitin (Lys48) can then serve as an acceptor for another ubiquitin to generate multiubiquinated substrates.

· Motifs that specify ubiquitination
· The N-end rule

· Some AA at the N-terminal were found to be destabilizing (Phe, Leu, Trp, Tyr, Arg, Lys, His)

· One class of E3 enzymes might recognize these destabilizing N-termini and allow ubiquitination and subsequent degradation
· Few cytosolic or nuclear proteins have destabilizing AA ( thus does not appear to be a major pathway for degradation of native cellular substrates

· But important for turnover of proteins after they have been processed to reveal new N-terminal destabilizing residues

· PEST sequences
· Polypeptide sequences rich in praline, glutamic acid, serine, and threonine appear to target proteins for rapid degradation

· Can act constitutively or conditionally

· Destruction boxes

· Internal consensus sequence

· Mitotic cyclins and other cell cycle regulators

· Proteolysis
· Proteasome cycle

· Ubiquitination of protein substrate

· Binding of the ubiquitin-tagged substrate to the “cap” end of 26S

· Unfolding of the substrate (perhaps using ATPase activities localized in the cap subunit)

· Translocaton of unfolded substrate into proteolytic cavity

· Proteolysis of substrate ( usually generates peptides 7-8 residues in length (determines by the distribution of protease sites, which varies)
· Release of peptides and regeneration of free ubiquitin by de-ubiquitinizing enzymes, located in the 19S cap

· Other fxns of ubiquitination
· May direct protein degradation in ER and peroxisome

· May be overlap between proteasome and lysosome degradation ( cytoplasmic tails of some plasma membrane receptors are ubiquitinated after ligand binding
Calpain
· Calmodulin-like Ca2+ binding domainm papain-like catalytic domain ( calcium activated protein

· The other main neutral protease activity in the cytosol

· Activation by calcium causes autoproteolysis of proregions of the polypeptide

· Tends to be limited (does not lead to complete digestions) ( causes alteration of substrates rather than destruction

Lysosomal degradation

· Lysosomes play a predominant role in degradation of extracellular particle and solute
· Lysosomal proteases have acidic pH optima ( targeted to lysosomes via the mannose-6-phosphate tag to their oligosaccharides
· It is thought that endoproteases first cleave the protein, followed by exopeptidases that finish the job
· Pathways for entry into lysosomes
· Endocytosis ( responsible for constitutive turnover of most plasma membrane components
· Autophagy ( the uptake and degradation of cellular components within lysososmes (non-selective degradation)
· Mircoautophagy ( fxns to degrade cytoplasmic portions of plasma membrane proteins
· Endocytosed proteins targeted for degradation are sequestered into small invaginations that pinch off to form vesicles inside the endosome or lysosome
· Macroautophagy ( the engulfment of large areas of cytoplasm containing organelles by a membrane that is thought to be derived from the ER (mechanism unknown)
· After fusion with lysosomes, the inner membrane is digested and the contents are degraded
· Autophagy principally regulated by nutrient levels and specific hormones (increases during AA starvation)
ER-Associated degradation and quality control

· Many folding and assembly steps must occur on newly synthesized proteins in the ER
· ER-associated degradation of unassembled proteins and misfolded proteins is thought to be part of the “quality ctrl” system prevents export of such molecules
· Fate of many mutant molecules
· Vesicular transport not required
· Recognition of misfolded proteins ( the processing state of N-linked oligosaccharides determines that interaction with the ER chaperone calnexin
· Persistently midfolded proteins tend to have Glc1Man8 N-linked oligosaccharides, and calnexin binds this form of N-linked oligosaccharide.
