








The ubiquitin-proteasome pathway
Proteins are marked for rapid degradation by the covalent attachment of several molecules
of ubiquitin. Ubiquitin is first activated by the enzyme E1. Activated ubiquitin is then transferred to one
of several different ubiquitin-conjugating enzymes (E2). In most cases, the ubiquitin is then
transferred to a ubiquitin ligase (E3) and then to a specific target protein. Multiple ubiquitins are then
added, and the polyubiquinated proteins are degraded by a protease complex (the proteasome).

http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3414/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3042/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3297/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3288/


Cyclin degradation during the cell cycle
The progression of eukaryotic cells through the division cycle is controlled in part by the synthesis
and degradation of cyclin B, which is a regulatory subunit of the Cdc2 protein kinase. Synthesis of
cyclin B during interphase leads to the formation of an active cyclin B–Cdc2 complex, which
induces entry into mitosis. Rapid degradation of cyclin B then leads to inactivation of the Cdc2
kinase, allowing the cell to exit mitosis and return to interphase of the next cell cycle.

http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3051/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A2953/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3290/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3134/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3184/




The lysosome system
Lysosomes contain various digestive enzymes, including proteases. Lysosomes take up 
cellular proteins by fusion with autophagosomes, which are formed by the enclosure of 

areas of cytoplasm or organelles (e.g., a mitochondrion) in fragments of the endoplasmic 
reticulum. This fusion yields a phagolysosome, which digests the contents of the 

autophagosome.

http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3042/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3297/
http://www.ncbi.nlm.nih.gov/books/n/cooper/A2886/def-item/A3038/




















































Branched-Chain Amino Acid Supplementation Promotes Survival and 
Supports Cardiac and Skeletal Muscle Mitochondrial Biogenesis in Middle-

Aged Mice 

Highlights
► BCAAem supplementation increases the average life span of male mice ► BCAAem 

activates mTOR and eNOS signaling pathways ► BCAAem increases mitochondrial 
biogenesis and ROS defense system in middle-aged mice ► BCAAem supplementation 

improves age-related muscle deficits
















