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summary

This thesis describes the many aspects of intracellular peptidases. Peptidases are 

specialized in the degradation of peptides that are released by the proteasome during 

the degradation of proteins. Most peptides are degraded into single amino acids within 

a few seconds. Only a small fraction of the peptides are trimmed to the correct length of 

eight to eleven amino acids, by the combinational action of the proteasome and pepti-

dases for subsequent presentation by MHC class I molecules to the immune system. On 

the other hand, failure of degradation of peptides by peptidases can lead to peptide 

accumulation and the formation of degradation resistant aggregates. 

A major cytoplasmic peptidase is tripeptidyl peptidase II (TPPII), that functions downstream 

of the proteasome and is implicated in the MHC class I pathway and in the degradation of 

aggregation-prone peptides. The activity of TPPII is usually measured by the generation of fluo-

rescence of AMC due to the degradation of the fluorogenic tripeptide AAF-AMC. However, 

we observed that AAF-AMC is not a selective activity probe for TPPII, and can only be used 

to measure the activity of purified TPPII. Many aminopeptidases besides TPPII are capable of 

hydrolyzing AAF-AMC in cell lysates and in living cells (chapter 4). therefore, we developed a 

more specific fluorogenic substrate for TPPII, based on the TPPII-selective reversible inhibitor 

butabindide. next to butabindide-AMc, we also aimed to generate more stable and irreversible 

inhibitors for tPPii, leading to the development of boron-butabindide. 

Since TPPII was previously described as being essential in MHC class I antigen processing, we 

studied the role of TPPII and other endopeptidases in the cleavage of proteasomally released 

peptides. The proteasome recognizes and degrades poly-ubiquitinated protein into multiple 

peptides. Most of these peptides are cleared within a few seconds by a large pool of cyto-

plasmic peptidases. This degradation pathway was developed during evolution for the inspec-

tion of intracellular proteins by presenting representative peptides at the plasma membrane for 

immune surveillance. The combined cleavage of proteins by the proteasome and aminopepti-

dases was considered to generate the correct peptides for MHC class I presentation, with the 

proteasome generating the C-termini of presented peptides (or epitopes) and peptidases trim-

ming the N-termini. We explored whether endopeptidases can also generate new C-termini 

by their endopeptidase activity. because TPPII has a high cleavage preference for positive 

residues, we expected that TPPII is involved in the generation of C-termini for HLA-A3 and 

-A11 epitopes. However, epitope degradation by the exopeptidase activity of TPPII appeared 

to be far more active than its endopeptidase activity, blurring the endopeptidase effect. TPPII 

turned out to mainly degrade epitopes rather than generate epitopes, whereas other metallo-

endopeptidases showed to be responsible for the generation of alternative C-termini (chapter 

5). 

TPPII appeared to be able to handle aggregation-prone peptides. Inefficient protein degrada-

tion by the proteasome can lead to the release of extended, aggregation-prone peptides as 

observed in various polyglutamine (polyQ) disorders. When mimicking this process in living 

cells, these expanded polyQ peptides were sufficient to initiate aggregation, sequester many 

proteins into aggregates and induce neuronal toxicity (Chapter 6). Here, tPPii over-expression 

reduced soluble polyQ peptide levels and as a result aggregation. Intriguingly, TPPII complex 

formation is essential for this degradation process, suggesting that the endopeptidase activity 
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Addendum

of TPPII is required for the degradation of polyQ peptides (chapter 7). A current follow-up of 

these findings is the search for small compounds that enhance TPPII complex formation as a 

therapeutic strategy in polyQ disorders. An alternative and surprising mechanism was shown 

by puromycin-sensitive aminopeptidase (PSA). We observed that PSA reduces the number of 

polyQ aggregates initiated by polyQ-containing proteins and by polyQ peptides. This reduction 

appeared to be not a direct peptidase effect. PSA induced autophagy by a yet undefined mech-

anism. during autophagy, a membrane was wrapped around the polyQ aggregates, leading to 

their isolation and subsequent degradation in the lysosomal compartment (chapter 8). 

besides polyQ peptides we also investigated the fate of intracellular Aβ-peptides which play a 

causal role in Alzheimer’s disease. Aβ-peptides are not generated by the proteasome but are 

the cleavage product of several secretases of the membrane-bound amyloid beta precursor 

protein (APP). Although the heterogeneity of the sequence of Aβ suggests that Aβ can be 

degraded by many peptidases, we observed that TPPII knock-out dramatically limited the cell’s 

ability to degrade Aβ, suggesting a role for TPPII in the clearance of Aβ (chapter 9). 

the proteasome is usually considered to be the endpoint in the life cycle of a protein. However, 

there is a whole machinery of peptidases acting downstream of the proteasome, and these 

peptidases have turned out to be essential for the clearance of aggregation-prone protein frag-

ments and for antigen presentation. The study of their function may not only be useful for 

development of immune therapies against cancers and viruses, but may also provide insight 

in various neurodegenerative disorders that are initiated by the accumulation of degradation-

resistant peptides. 




