CHAPERONES, QUALITY CONTROL, TURNOVER

CHAPERONES:  bind to and facilitate the correct FATE of another protein


chaperone binding can affect:



folding



assembly



compartmentalization 



degradation


**do not accelerate correct folding, but DECELERATE incorrect folding**


differentiates chaperones from isomerases (folding proteins)


also known as HSP’s – (heat shock proteins)



upregulated during heat shock (to prevent misfolding)


bind newly translated peptides off the ribosome ( prevents aggregation


involved in mitochondrial transport (easier when protein is unfolded)


HSP70 binding cycle: PREVENTS AGGREGATION



1. low affinity binding (hydrophobic stretch recognition)  “open”



2. ATP hydrolysis ( high affinity binding  “closed”



3. ADP removed ( chaperone disassociates


HSP60:  double doughnut structure



very large (1/2 size of ribosome)



central cavity provides shielded environment for folding



“protein shield”



also ATPase activity


HSP70 binding tends to precede HSP60 folding


HSP 90:  conformational maturation of steroid hormone receptors and signaling 

     kinases

**aggregation can cause disease by inducing conformational changes**

TURNOVER:  misfolded proteins must be eliminated


Regulation:
compartmentalization





selective activation


turnover is studied by pulse (5 minutes)-chase (hours); half-lives determined


LIPID DEGRADATION:



glycerophospholipids can be degraded/remodeled throughout the cell



sphingolipids – centralized degradation (lysosome)



cholesterol – not degraded; its levels are regulated by controlling synthesis 


PROTEIN DEGRADATION



- disposal of damaged proteins



- metabolic control



- cell differentiation



- cell cycle / proliferation control



- antigen presentation



PROTEASOME – cytosolic degradation (as opposed to intra-organelle)

PROTEASOME SYSTEM:


30% of newly made proteins fail to fold properly!!


4 concentric rings + 2 caps (for regulation)



complete proteasome = 26S



inner rings (B-chains) contain proteolytic activity



narrow entrance ( can’t insert folded proteins

UBIQUITIN TARGETING:


ubiquitin chain tagging (covalent attacthement)


require E1, E2, E3 enzymes (each level is more specific than one before it)



E1 – activates ubiquitin



E2 – binds E1: ubiquitin and takes it from E1



E3 – recognizes substrate; transfers ubiquitin to it



E2/E3 = “ubiquitin ligase”




SUBSTRATE RECOGNITION:

“N-END” rule - 





certain AA’s are stabilizing, others are destabilizing


destabilizing AA’s are found in compartmentalized proteins

likely to play a role in redirecting MIStargeted proteins





PEST sequences – 





rich in pro, glu, ser, thr





constitutive or conditional activation





DESTRUCTION BOXES – 





consensus sequence





for very short-lived proteins (cell cycle proteins)



MECHANISMS FOR INDUCING DEGRADATION




1. activation of e2/e3 ubiquitin ligase






- phosphorylation





- conf. changes caused by ligand binding/ subunit addition




2. activate degradation signal





- phosphorylate





- unmask signal (cleavage, removal, etc.)





- create signal


PROTEOLYSIS:  Proteasome cycle


1. ubiquitination


2. substrate binds cap end of proteasome


3. ATPase cap activity unfolds protein


4. translocation into proteolytic cavity


5. proteolysis


6. peptide release/ ubiquitin recycling

Immune System – 


misfolded viral proteins also are proteasomally degraded ( 


peptides sent to ER (

CLASS I MHC receptors bind these in the ER(
receptors present these as antigens on cell surface (

infected cell can then be targeted for phagocytosis

PROTEASOME SUBVERSION:


- HPV: oncogenes that target p53 (tumor suppressor) for degradation


- increase half-live/stability of rapidly turned over oncogenes


- block de-ubiquitination ( run out of ubiquitin!!

OTHER FUNCTIONS OF UBIQUITIN – 


- receptor degradation (tails are tagged after ligand binding)


- autophagy


- ubiquitin-like proteins can be used as specific tags

CALPAIN – 


calcium activated


other major cytoplasmic proteolytic system


activated near cell membrane


incomplete dedgradation ( more important for remodeling than degradation

LYSOSOMAL DEGRADATION

degrade more than just proteins

compartmental degradation

lysosomal storage diseases illustrate the importance of protein turnover

enzymes:


hydrolases


M-6-P tag

pathways for entry:


1. phagocytosis


2. endocytosis (via endosomes)


3. autophagy (catabolic)


4. selective uptake of proteins into lysosomes




occurs upon extreme starvation




mech. largely unknown but is HSP mediated

Microautophagy – degrade the cytoplasmic domain of cell surface receptors




monoubiquitin tags




form “multivesicular bodies” WITHIN endosomes

Macroautophagy – dispose of damaged/old organelles




also activated during starvation




ER membrane-mediated




results in “residual bodies” -  undigested material

ER-ASSOCIATED DEGRADATION / QUALITY CONTROL


for misfolded/unfolded proteins


CALNEXIN – recognizes oligosaccharide on unfolded proteins

translocon can work in the opposite direction to export protein for proteasomal degradation during reperfusion

still a mysterious process

