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Introduction and outline

up to the 1940’s, organisms were considered to be in a solid state. Building blocks 

like amino acids in proteins were suggested to remain in the body for life. once fully 

grown, nutrition taken in was considered to be exclusively used for energy consumption. 

However, the body is in a constant flux, as amino acids from nutrition are taken up and 

used as building blocks for new proteins, whereas other proteins are being degraded 

and secreted from the body. This dynamic state of the body was first described by 

Schoenheimer et al. [1], who feeded rats with radioactively labeled amino acids. The 

rats excreted 30% of the radioactivity, indicating that 70% of their daily intake of amino 

acids is incorporated into the body. these experiments indicated that the organism or 

even single cells are in a dynamic state and both synthesis and degradation of proteins 

is precisely balanced and tightly regulated. 

the majority of intracellular proteins are degraded by the proteasome which hydro-

lyzes proteins that are targeted for degradation via the covalent addition of ubiquitins in an 

ATP-dependent manner [2, 3]. Hydrolysis of peptide bonds produces energy, but ATP is neces-

sary to unfold proteins. The requirement of ubiquitins and thus ATP is high in cells, which 

makes the proteasome ubiqituin system complex and extremely energy consuming, but it is 

essential for correctly-regulated protein degradation. 

The proteasome degrades proteins into multiple peptide fragments generally ranging from 3 to 

22 amino acids in length [4]. These proteasomally released peptides are further recycled into 

single amino acids by a large pool of intracellular aminopeptidases with different affinities for 

amino acid sequences. However, not all peptides are degraded into single amino acids. The 

combinational processing of proteins by the proteasome and aminopeptidases allows a small 

fraction of peptides with a length of 9-11 amino acids to be used for MHC class I presenta-

tion. These peptides are transported into the endoplasmatic reticulum (ER) via the “transporter 

associated with antigen processing” protein (TAP) [5]. In the ER, the peptides are loaded on 

MHc class i molecules and transported via the golgi system to the plasma membrane. once at 

the plasma membrane, MHC class I molecules present the peptides to cytotoxic T-cells that can 

recognize alterations in the presented repertoire of peptides. As a result, the immune system 

can eliminate those cells that present novel peptides that are derived from cancer or viral 

proteins. In this process, peptidases play an essential role as they can either degrade peptides 

into amino acids or trim peptides to a correct length for presentation, thereby affecting the 

presented peptide repertoire. 

When peptidases fail to degrade peptides, these peptides accumulate and form hazardous 

aggregates in cells. Various neurodegenerative disorders are caused by accumulating protein 

fragments, including a group of nine neurodegenerative diseases that are caused by an 

expanded polyglutamine (polyQ) repeat within the disease-related protein. the wild-type 

proteins contain polyQ repeats below 40Q, whereas polyQ expansion over the threshold of 

40Qs results in disease. the age of onset and severity is correlated with the length of the 

repeat. Although the expanded polyQ protein itself is as efficiently degraded as the wild-type 

protein by the proteasome [6, 7], the expanded polyQ proteins are not completely degraded as 

the proteasome cannot cleave within the glutamine repeats [8, 9]. As a result, polyQ-containing 

fragments are released by the proteasome and need to be rapidly degraded by downstream 
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in chapter 2, we review the various functions of intracellular cytoplasmic peptidases. 

Most peptidases are known to N-terminally cleave peptides and are therefore affecting 

the MHC class I loading either by degradation of potential epitopes or by generating 

them from expanded precursors. besides peptidase activity, most peptidases have 

additional cellular functions and are involved in various cellular pathways such as the 

cell cycle and apoptosis. in chapter 3, we study the various functions of the peptidase 

TPPII in more detail. TPPII is a peptidase that can form exceptionally large complexes 

up to 6 MDa in size [13]. The complex formation is suggested to regulate the activity of TPPII. 

Moreover, TPPII displays both exopeptidase and endopeptidase activity, and the endopepti-

dase activity may have implications for antigen presentation and the clearance of aggregation-

prone peptides. In chapter 4, we design specific inhibitors and a fluorogenic substrate for TPPII 

in order to enable the study of its activity in vivo and in vitro. in chapter 5, we determine the 

role of the various cytoplasmic endopeptidases, including TPPII, in peptide degradation and 

the effect on presentation by various MHC class I alleles. In chapter 6, we mimick proteasomal 

generation of polyQ peptides in living cells and studied whether these peptides can initiate 

aggregation and toxicity as observed in polyQ disorders. In chapter 7, we explore the potential 

role of TPPII in degrading aggregation-prone, expanded polyQ peptides in relation to polyQ 

diseases. in chapter 8, we study the potential role of another peptidase, puromycin-sensitive 

aminopeptidase, in preventing aggregation of polyQ proteins and peptides in cultured cells, 

Drosophila and mice. Finally in chapter 9, we determine the role of cytoplasmic peptidases in 

the degradation of aggregation-prone Aβ
40 peptides, which are associated with neuronal cell 

death in Alzheimer’s disease. 

peptidases to prevent accumulation and aggregate formation. Identification of peptidases that 

can degrade these polyQ fragments may therefore lead to new therapeutical approaches to 

prevent polyQ aggregation. One of the most fascinating peptidases is tripeptidyl peptidase II 

(TPPII), which can degrade long peptides and may therefore be involved in antigen processing 

as well as degradation of aggregation-prone peptides. It has been suggested that complex 

formation may be a way of upregulating its activity [10]. The endopeptidase activity of TPPII 

is suggested to be complementary to the proteasome in generating new C-termini needed for 

anchoring in the MHc class i molecules [11, 12]. 

In conclusion peptidases, including TPPII, are essential for the generation of antigenic peptides 

and for the clearance of aggregation-prone proteasomally released peptides. In this thesis we 

show the importance of these two aspects.

o
u

tlIN
e



11

Introduction and outline

[1] R. schoenheimer, s. Ratner and d. Rit-
tenberg, The process of continuous deami-
nation and reamination of amino acids in 
the proteins of normal animals, science 89 
(1939) 272-3.

[2] A. Hershko, A. ciechanover, H. Heller, A.L. 
Haas and i.A. Rose, Proposed role of AtP in 
protein breakdown: conjugation of protein 
with multiple chains of the polypeptide of 
AtP-dependent proteolysis, Proceedings of 
the National Academy of Sciences 77 (1980) 
1783-6.

[3] A. ciechanover, H. Heller, s. elias, A.L. Haas and A. 
Hershko, ATP-dependent conjugation of reticulocyte 
proteins with the polypeptide required for protein 
degradation, Proceedings of the National Academy 
of Sciences 77 (1980) 1365-8.

[4] A.F. Kisselev, T.N. Akopian, K.M. Woo and A.L. 
Goldberg, The sizes of peptides generated from pro-
tein by mammalian 26 and 20 S proteasomes, Jour-
nal of biological Chemistry 274 (1999) 3363-71.

[5] T. Spies, M. bresnahan, S. bahrain, D. Arnold, G. 
Blanck, e. Mellins, d. Pious and R. deMars, A gene 
in the human major histocompatibility complex class 
II region controlling the class I antigen presentation 
pathway, Nature 348 (1990) 744-7.

[6] N.F. bence, R.M. Sampat and R.R. Kopito, Impair-
ment of the ubiquitin-proteasome system by protein 
aggregation, Science 292 (2001) 1552-5.

[7] N.R. Jana, P. Dikshit, A. Goswami, S. Kotliarova, S. 
Murata, K. tanaka and n. nukina, co-chaperone cHiP 
associates with expanded polyglutamine protein and 
promotes their degradation by proteasomes, Journal 
of biological Chemistry 280 (2005) 11635-40.

[8] c.i. Holmberg, K.e. staniszewski, K.n. Mensah, A. 
Matouschek and R.I. Morimoto, Inefficient degrada-
tion of truncated polyglutamine proteins by the pro-
teasome, EMbO Journal 23 (2004) 4307-18.

[9] P. Venkatraman, R. Wetzel, M. Tanaka, N. Nukina 
and A.L. Goldberg, Eukaryotic proteasomes cannot 
digest polyglutamine sequences and release them 
during degradation of polyglutamine-containing 
proteins, Molecular Cell 14 (2004) 95-104.

[10] b. Tomkinson, Association and dissociation of 
the tripeptidyl-peptidase II complex as a way of reg-
ulating the enzyme activity, Archives of biochemis-
try and biophysics 376 (2000) 275-80.

[11] U. Seifert, C. Maranon, A. Shmueli, J.-F. Desout-
ter, L. Wesoloski, K. Janek, P. Henklein, S. Diescher, 
M. Andrieu, H. de la Salle, T. Weinschenk, H. Schild, 
d. Laderach, A. galy, g. Haas, P.-M. Kloetzel, Y. Re-
iss and A. Hosmalin, An essential role for tripepti-
dyl peptidase in the generation of an MHC class I 
epitope, Nature Immunology 4 (2003) 375-9.

[12] s. tenzer, B. Peters, s. Bulik, o. schoor, c. Lem-
mel, M.M. schatz, P.M. Kloetzel, H.g. Rammensee, 
H. Schild and H.G. Holzhatter, Modeling the MHC 
class I pathway by combining predictions of protea-
somal cleavage, tAP transport and MHc class i bind-
ing, Cellular and Molecular Life Sciences 62 (2005) 
1025-37.

[13] e. Macpherson, B. tomkinson, R.M. Bålöw, s. 
Höglund and O. Zetterqvist, Supramolecular struc-
ture of tripeptidyl peptidase II from human eryth-
rocytes as studied by electron microscopy, and its 
correlation to enzyme activity, biochemical Journal 
248 (1987) 259-63.

refereN
ceS




