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Monday, 23 May 

View into the ribosomal exit tunnel  
Ada Yonath 
Department of Structural Biology, Weizmann Institute of Science, Rehovot 76100, Israel 

 
Ribosomes, the universal polymerases for the translation of the genetic code into 
proteins, possess an elongated tunnel through which the nascent protein progress until 
they emerge into the cell. While traveling through the tunnel the nascent proteins can 
interact with specific tunnel wall components, which can impose transient or a relatively 
long elongation arrest. This internal ribosomal dynamic allows response to cellular 
signals, thereby provides a mechanism for gene regulation.  
 
 

Ribosome function and dynamics 
Marina V. Rodnina 
Department of Physical Biochemistry, Max Planck Institute of Biophysical Chemistry, 
Goettingen, Germany 
 
The ribosome is a macromolecular machine that synthesized proteins. Recent findings 
indicate that the ribosome undergoes spontaneous fluctuations that allow the tRNA to 
spontaneously move by distances of 20 Å or more, to their adjacent sites in the ribosome. 
The movement of the tRNAs is coupled to the conformational changes of the ribosome, 
which include the ratchet-like movement of the 30S subunit relative to the 50S subunit, 
swivel-like movement of the 30S subunit head, as well as opening of the tRNA binding 
cleft. The tRNA movement is accelerated by elongation factor G (EF-G), which 
hydrolyzing GTP in the process. The role of EF-G is to accelerate formation of the 
conformationally altered state of the ribosome that allows for rapid movement of tRNAs 
on the 30S subunit, and to prevent the backward movement of the tRNAs after 
translocation by coupling the energy of GTP hydrolysis to forward translocation. Thus, 
EF-G acts as a Brownian ratchet which rectifies the spontaneous thermal motions of the 
tRNAs within the ribosome into forward translocation.  
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mRNA localization to cellular compartments 
Yoav Arava 
Department of Biology, Technion-Israel Institute of Technology, Technion City, Haifa 
32000, Israel 
 

Cells contain many proteins, which perform diverse functions at different 
compartments. To achieve this complexity, newly synthesized proteins need to be 
targeted to their proper destination. Multiple modes of protein targeting have been 
developed during evolution, and a major mode appears to be synthesis of the protein at its 
destination (i.e. localized translation). This mode was first demonstrated for secreted and 
membrane proteins, where it was shown that these proteins are inserted into the ER while 
they are being synthesized. Similar process has been suggested for proteins that are 
destined to the mitochondria. Regardless of the destination, this localized process 
necessitates proper targeting of ribosomes and the relevant mRNAs to their destination. 
We are studying the mechanisms that underlay this targeting mechanism, and in 
particular the contribution of cis and trans-factors to mRNA targeting. While translation 
is the driving force for targeting of most mRNAs to the ER, we discovered that some are 
targeted by a translation-independent process, through elements in their 3' UTR. For the 
mitochondria, on the other hand, we found that targeting of most mRNAs necessitate 
protein receptor on the mitochondria, which interacts with the incoming nascent 
polypeptide- mRNA- ribosome complex. This implies that a translation-dependent 
targeting is the main mode for mRNAs that encode mitochondrial proteins. These 
analyses reveal a localized synthesis process for many proteins, and in diverse modes, 
thereby exemplifying high organizational form of intracellular protein synthesis. 

 
 

Quality control of translation in primary kingdoms is 
conditioned by structural variability of cytoplasmic and 
organellar aaRSs 
Mark Safro 
Department of Structural Biology, Weizmann Institute of Science, 
76100 Rehovot, Israel 

 
Unlike many other families of enzymes which catalyze the same overall reaction, 
aminoacyl-tRNA synthetases (aaRSs) are extremely heterogeneous in terms of primary 
sequence, domain composition and subunit organization. Phenylalanyl-tRNA synthetase 
(PheRS) provides a remarkable example of such diversity. Phylogenetic and structural 
analysis reveal that PheRS can take three forms: a) heterotetrameric (αβ)2 bacterial; b) 
heterotetrameric (αβ)2 archaeal/eukaryotic-cytoplasmic; and c) monomeric mitochondrial 
(mit). All three fundamental PheRSs ensuring the fidelity of phenylalanine translation in 
cells have been solved in our lab. As might be expected from crystal structures of 
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bacterial, human cytoplasmic and mitochondrial PheRSs, modes of binding and 
recognition of cognate tRNAPhe differ in prokaryotic and eukaryotic PheRSs, a concept 
that is of great practical importance. As regards to proofreading activity associated with a 
distinct active site, where misaminoacylated tRNAPhe have to be hydrolyzed, PheRSs 
from different compartments also vary substantially. Thus, transition from heterodimeric 
organization of PheRSs in cytoplasm to monomeric in mitochondria is accompanied by 
loss of proofreading activity. 
The accumulation of proteins damaged by reactive oxygen species (ROS), conventionally 
regarded as having pathological potentials, is associated with age-related diseases such as 
Alzheimer’s, atherosclerosis, and cataractogenesis. Exposure of the aromatic amino acid 
phenylalanine to ROS-generating systems produces multiple isomers of tyrosine: m-
tyrosine (m-Tyr), o-tyrosine (o-Tyr), L-dopa and the standard p-tyrosine (Tyr). It has 
been demonstrated that exogenously supplied in vivo damaged amino acids (aa) are 
available for de-novo synthesis of proteins. However, the specific pathway by which 
ROS-damaged aa are incorporated into proteins remained unclear. We provide evidence 
that human mitochondrial and cytoplasmic PheRSs catalyze direct attachment of ROS-
damaged aa to tRNAPhe thereby opening up the way for delivery of the misacylated tRNA 
to the ribosome and incorporation into eukaryotic proteins.   
 
 

Allostery in chaperonin-mediated protein folding 
Amnon Horovitz,  
Department of Structural Biology, Weizmann Institute of Science, Rehovot 76100, Israel 
E-mail: Amnon.Horovitz@weizmann.ac.il 

 
Protein folding in the cell is assisted by molecular chaperones that, by analogy to human 
chaperones, block improper interactions between potentially complementary surfaces, 
thereby preventing aggregation that can be toxic to cells.  One well-studied family of 
molecular chaperones is the chaperonins that consist of two back-to-back stacked 
oligomeric rings with a cavity at each end in which protein folding can take place under 
confining conditions.  They are molecular machines that assist protein folding by 
undergoing large-scale ATP-driven allosteric transitions between protein substrate 
binding and release states.  The intra-ring conformational changes in chaperonins were 
found by us to be concerted in the case of the homo-oligomeric E. coli chaperonin GroEL 
and sequential in the case of the hetero-oligomeric eukaryotic chaperonin CCT.  We have 
hypothesized that a sequential allosteric mechanism might be more beneficial for 
eukaryotic proteins that tend to be larger and multi-domain as it may enable one domain 
to detach from the chaperonin and start folding while the other domain(s) is still bound, 
thereby mimicking co-translational folding.  By contrast, a concerted mechanism is likely 
to be more beneficial for prokaryotic proteins that tend to be smaller and single-domain 
and, thus, may need to be released in an all-or-none fashion in order to fold efficiently.  
In my talk, evidence supporting this hypothesis will be presented.  
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Finding disease protein complexes by data integration 
Søren Brunak 
Center for Biological Sequence Analysis, Technical University of Denmark 
& Center for Protein Research, University of Copenhagen 
 
Data integration within biology is a quite old idea which typically can produce more 
coherent views of biological systems when different structural levels are taken into 
account simultaneously. Combining molecular level data, such as DNA sequences, 
quantitative gene and protein expression data, small molecule abundances, is relatively 
common within bioinformatics, while it is less common to integrate the molecular level 
with the clinical level, for example text data from electronic patient records describing 
disease phenotypes of the individual. New advances in DNA sequencing will soon at very 
low cost produce millions of complete, individual human genome data sets, and there is 
therefore a big need for methods and infrastructure which can assist integrate data on 
individual gene and protein versions with data on disease phenotypes and other data types 
from the hospital sector. Electronic patient records remain a rather unexplored, but 
potentially rich data source for discovering correlations between diseases. Combining 
molecular level data with clinical information and data on the chemical environment may 
add complementary types of knowledge which – together with genotype information 
from the individual – can reveal disease aetiology in novel ways.  
 
 

Making disulfide bonds without stress: efficient redox 
regulation in the ER 
Lars Ellgaard 
Department of Biology, University of Copenhagen, Ole Maaløes Vej 5, 2200 Copenhagen N, 
Denmark 
 

Most proteins that are secreted from cells contain disulfide bonds to improve 
protein stability. These disulfides are formed in the endoplasmic reticulum (ER) by a 
process catalyzed by members of the protein disulphide isomerase (PDI) family of 
oxidoreductases. The most prominent pathway for generating disulfides de novo involves 
the flavoprotein oxidase Ero1α, an enzyme that produces H2O2. To prevent cellular 
hyper-oxidation, Ero1α activity can be regulated by intramolecular disulfide switches. 
Here, I will discuss the exact nature of these disulfides and present data to show that 
Ero1α activity is switched off by the formation of the regulatory disulfides when 
oxidized PDI is in abundance. Conversely, at high levels of reduced PDI, Ero1α remains 
active. This mechanism, where PDI reports to Ero1α the prevailing ER redox state, 
ensures that Ero1α does not generate disulfides (and H2O2) unless needed. Our recent 
data also show that glutathione levels in the ER are tightly balanced. Thus, after treatment 
with the strong reducing agent DTT, the cellular GSH:GSSG ratio is quickly restored to 
the normal level upon its removal. The mammalian ER thus upholds a significant redox-



 8

buffering capacity. This notion was reinforced by the finding that an initial six-fold 
GSSG excess observed in cells overexpressing Ero1α at the onset of DTT washout was 
quickly restored to the normal level. Taken together, the combination of feedback 
regulation of Ero1α activity through PDI and glutathione redox buffering ensures 
efficient redox regulation in the ER. 
 
 

Oxidative Protein Folding and Assembly of Proteins 
Downstream of the Endoplasmic Reticulum 
Deborah Fass 
Department of Structural Biology, Weizmann Institute of Science, Rehovot 76100, Israel 
 

Protein stability, assembly, activity, localization, and regulation often depend on 
formation of disulfide cross-links between cysteine side chains. Enzymes known as 
sulfhydryl oxidases catalyze de novo disulfide bond formation and initiate intra- and 
intermolecular dithiol/disulfide relays to deliver the disulfides to substrate proteins. 
Quiescin sulfhydryl oxidase (QSOX) is a unique, multi-domain disulfide catalyst that is 
localized primarily to the Golgi, plasma membrane, and secreted fluids. As proteins 
arriving in these locations have already passed through the endoplasmic reticulum, where 
at least four enzyme families catalyze the formation of disulfide bonds, the purpose of a 
disulfide catalyst in the late secretory pathway has been unclear. In parallel with 
determining the QSOX structure and revealing its dynamic mechanism, we have 
addressed the question of the biological role of the enzyme. We have found QSOX to be 
crucial for proper assembly of components of the extracellular matrix (ECM), and 
consequently for the growth and behavior of cells interacting with the ECM. In particular, 
ECM formed in the absence of QSOX was shown to be incompetent for tumor cell 
invasion. Identification of putative extracellular substrates of QSOX and the role of 
QSOX in ECM assembly and function helps explain the importance of QSOX in both 
development and cancer.    

 
 

Studies of magnetosome-associated protein MamA 
Natalie Zeytuni1, Geula Davidov12 and Raz Zarivach12 
1Department of Life Sciences and 2the National Institute for Biotechnology in the Negev, 
Ben Gurion University of the Negev, Beer Sheva, Israel 
*corresponding RZ zarivach@bgu.ac.il 
 
Magnetotactic bacteria comprise a diverse group of aquatic microorganisms with the 
unique ability to orientate themselves along geomagnetic fields, a behavior that aids their 
search for suitable environments. This capability is conferred by the magnetosome, a 
subcellular organelle that consists of a linear-chain assembly of lipid vesicles each able to 
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biomineralize and enclose a ~50-nm crystal of magnetite or greigite. A principle 
component of the magnetosome that was shown to be required for the formation of 
functional magnetosome vesicles is MamA, a highly abundant magnetosome-associated 
protein. In this work we present the in vitro and in vivo analysis of MamA and its crystal 
structure, the first magnetosome associated protein to be determined. Our data show that 
upon its creation, MamA, a TPR protein, is able to associate into unique homo-oligomers 
which are needed for megnetosome functioning. We identified several protein sites 
responsible for MamA complex formation via MamA point and deletion mutants. This 
work provides the first insights toward TPR homo-oligomeriztion and the formation of 
TPR based scaffold. 
 
 
 

Protein-DNA interactions in the p53 system and its 
dependence on DNA structural properties 
Tali E. Haran 
 Faculty of Biology, Technion, Technion City, Haifa 32000, Israel 
 
The DNA binding activity of p53 is pivotal to its tumor suppressor activity. The prime 
mechanism by which p53 acts as a tumor suppressor protein is as a transcription factor, 
regulating the expression of diverse downstream genes to initiate a cascade of events 
leading to (but are not limited to) growth arrest or apoptosis. The core domain of p53 
interacts directly with defined DNA sequences and is the main target for mutations in 
human primary tumors. The consensus sequence of p53 response elements (RE) comprise 
two decameric repeats that are highly variable, and are further separated by a variable 
spacer. Numerous putative p53 binding sites have been identified by genome-wide 
analyses, and by various bioinformatics approaches. In vitro and in vivo studies have 
revealed that p53 binding as well as transcriptional activation from adjacent genes vary 
(by more than three orders of magnitude) depending on the identity and organization of 
the p53 DNA binding sites. This brings forth the question of what constitute a p53 RE 
and what determines its strength/weakness as a response element? A related question is 
how the activation of p53 leads to cell-cycle arrest and DNA repair, or to apoptosis? Is it 
encoded in the DNA sequence of p53 REs and in their structural properties, or in the 
cellular or genomic context? 
 We will present our studies on the interaction of p53 DNA core domain with p53 
binding sites, as a function of DNA base pairs known to be involved in either direct 
(though hydrogen bonds) or indirect (through variation of DNA structure) readout of the 
DNA. We will show that p53 binding affinity and cooperativity is encoded in the DNA 
sequence of p53 binding sites. Moreover, we will show that the key to differential 
changes in cooperative binding is the torsional flexibility of the central motif of p53 
binding sites, as determined from cyclization kinetics experiments. Our results provide a 
molecular and structural basis to recent findings that DNA binding cooperativity of p53 
modulate the decision between cell-cycle arrest and apoptosis.  
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P-type ATPase - common and specific mechanisms of 
cation pumps 
Poul Nissen 
Danish National Research Foundation, Center for Membrane Pumps in Cells and 
Disease – PUMPKINAarhus University, Department of Molecular Biology,, Denmark, 
DK – 8000 Aarhus C 
 
P-type ATPases encompass the cation pumps like Na+,K+-ATPase and Ca2+-ATPase. 
They couple the transport and countertransport of ions, through a membrane spanning 
domain, to ATP hydrolysis via formation and breakdown of a phosphoenzyme 
intermediate at cytoplasmic domains. The enzymes undergo large conformational 
changes where half-channels open and close, and where the ion binding sites at the 
middle of the membrane switch their specificity and orientation (Møller et al. 2010, 
Palmgren & Nissen 2011). Worth noting, these large-scale movements take place in close 
interaction with the membrane. 
We study P-type ATPases by interdisciplinary approaches ranging from crystal structures 
to model organisms.  

Na+,K+-ATPase is of key importance in animal cells and physiology. The enzyme 
transports three sodium ions out and two potassium in per ATPase cycle. From the crystal 
structure of the pig kidney enzyme in the potassium-bound form - further probed by 
mutagenesis and fast-kinetics - we pinpointed a key role of the alpha subunit C-terminus, 
and specifically on sodium binding (Morth et al. 2007).  

Using electrophysiology, MD simulations and structural analysis we have reached 
a new model of Na+,K+-ATPase function: A C-terminal ion pathway, plugged by the C-
terminus, leads to the ion binding sites at the conserved Asp926 residue (pig alpha1 
isoform, Asp930 in human alpha2 isoform) which in the potassium-bound state becomes 
protonated (Poulsen et al. 2010). Through this channel the proton can again return to the 
cytoplasm upon sodium binding ensuring an electrogenic 3:2 ion transport. The 
importance of this mechanism is further underscored by a large cluster of mutations at the 
C-terminal region associated with neurological diseases, e.g. familial hemiplegic 
migraine 2 (FHM2) and rapid-onset dystonia with parkinsonism (RDP). 

A low resolution crystal structure of the phosphorylated E2P form of the Na+,K+-
ATPase in complex with the cardiotonic steroid ouabain shows conformational changes 
that not only explain the mechanism of cardiotonic steroid inhibition, but also hints at the 
possible role of these steroids in signaling with Na+,K+-ATPase working as a receptor 
(Yatime et al. 2010). 

In favourable crystal forms of the related Ca2+-ATPase we have observed electron 
density for lipid-detergent bilayers between molecules and we compare this experimental 
basis to molecular dynamics simulations and biochemical/biophysical data on the protein-
lipid interaction thus to address a working transport process across a membrane (Sonntag 
et al., accepted). 

Furthermore we have determined structures of the Cu+-ATPase CopA which 
reveal novel mechanisms of transport associated with the P-type ATPase scaffold as well 
as a use of general mechanisms of the protein family (Gourdon et al., in review). 
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References: 
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the sodium-potassium pump. Nature 450, 1043-1049 
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Peptides as a tool to study regulation of Retroviruses 
infection 
Aviad Levin, Zvi Hayouka, Assaf Friedler and Abraham Loyter* 

* Alexander Silberman Institute of Life Sciences and Institute of Biological Chemistry, 
The Hebrew University of Jerusalem, Safra Campus, Givat Ram, 91904 Jerusalem, Israel  
 
Here we will present   results demonstrating a new  mechanism which regulate  HIV-1 
infection by restricting the level of  the viral c-DNA integration into the host cells’ 
chromosomal  DNA. This is by  intracellular  interaction between  two viral protein the 
Integrase (IN)  and the Rev. Disruption of this interaction results in multiple integration 
of viral DNA and  induction of cell death. 
Following fusion of the Human Immunodeficiency Virus type 1 (HIV-1) envelope with 
the recipient cell plasma membrane, the two viral RNA molecules are reversed-
transcribed by the viral reverse transcriptase (RT). This results in the formation of 
numerous unintegrated viral cDNA molecules. Integration of the  cDNA molecules into 
the host chromosomal DNA is mediated by the viral enzyme integrase (IN), which is 
packed within the invading virus particles , released into the infected host 
cells cytoplasm and then is translocated into the nuclei of the infected cells..  In spite of 
the presence of relatively large numbers of unintegrated viral DNA molecules within 
nuclei, HIV-1 infected cells, unlike cells infected by other retroviruses, bear only 1-2 
copies of integrated viral cDNA/cell. 
Recently we have shown that this restriction is due to inhibition of the viral IN activity as 
well as of its nuclear import by an early expressed viral Rev. Before our work Rev was 
known only  to mediate export of unspliced and partially spliced  viral RNA from nuclei 
of infected cells. Here we demonstrate a new function of Rev  namely inhibition of the IN 
activity   following  the formation of intracellular Rev-IN complexes. Disruption of the 
Rev-IN complex by IN-derived cell permeable peptides, results in multi-integration of the 
viral cDNA leading  to host genome instability and promotion of cell death. Thus 
limitation  of the mount of C-DNA integration is crucial to avoid premature cell death 
and allow virus replication. Based on these observations we have developed a novel 
approach to specifically and significantly eradicate HIV-1 infected cells as well as to 
eliminate infectious virions from cultured cells. 
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Shiftides: Using peptides to modulate the 
oligomerization equilibrium of proteins 
Assaf Friedler 
Institute of Chemistry, The Hebrew University of Jerusalem, Safra Campus, Givat Ram, 
Jerusalem 91904, Israel 
 
Our group is interested in using peptides for the quantitative biophysical and structural 
analysis of protein-protein interactions in health and disease (1,2). Based on this, we are 
using peptides to modulate protein-protein interactions for therapeutic purposes. We have 
developed the "shiftides" approach, by which we use peptides to modulate the oligomeric 
state of proteins (3). Many disease-related proteins are in equilibrium between active and 
inactive oligomeric states. Among these are cancer-related proteins such as the tumor 
suppressor protein p53 and viral proteins such as the HIV-1 integrase (IN) protein. 
Specific binding of peptides to one of the oligomeric states of such protein should result 
in stabilization of this state and consequently in shift of the oligomerization equilibrium 
towards it. We term peptides with such activity as “shiftides”, and they can be utilized 
therapeutically in two manners: (i) inhibiting a protein by shiftides that bind 
preferentially to its inactive oligomeric state and stabilize it; (ii) activating a protein by 
shiftides that bind preferentially to the active oligomeric state and stabilize it. Three 
examples for shiftides developed in our lab will be described: 
1. Peptides that modulate the oligomerization equilibrium of the HIV-1 integrase protein 
(3,4) 
2.  Peptides that stabilize the tetrameric form of the tumor suppressor protein p53 (5) 
3.  A peptide derived from non-muscle myosic IIC, which induces myosin filament 
assembly (6) 
 
References: 
1. Benyamini H. and Friedler A. (2010) Future Medicinal Chemistry 2(6), 989–1003 
2. Katz C. et al (2011) Chem Soc Rev, in press 
3. Hayouka Z, et al. (2007) PNAS, 104(20):8316-21 
4. Maes M, et al.  (2009); Bioorg. Med. Chem., 17(22):7635-42; Hayouka Z, et al. (2010) Biochem Biophys 
Res Commun. , 2;394(2):260-5; Hayouka Z. et al (2010) Bioorg Med Chem 8(23):8388-95  
5. Friedler A. et al. (2010), US provisional patent application no 61/380,591; Gabizon R. et al (2011) 
Submitted for Publication 
6. Ronen D , Rosenberg MM et al. (2010); J Biol Chem 285(10):7079-86 
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Ubiquitin networks in regulation of inflammation and 
autophagy 
Ivan Dikic 
Frankfurt Institute for Molecular Life Sciences and Institute of Biochemistry, Goethe 
University, Theodor-Stern-Kai 7, 60590 Frankfurt/Main, Germany 
 

An increasing number of distinct functions have been assigned to different types 
of ubiquitin modifications (mono ubiquitin versus ubiquitin chains). In these processes 
Ub acts as a signalling component able to trigger molecular events in cells. Structural 
studies have revealed significant differences between ubiquitin chains of Lys48, Lys63 
and linear linkages. We have recently shown that the UBAN domain of NF-κB essential 
modulator (NEMO) binds specifically to linear Ub chains and that this step is essential 
for NF-κB activation. These findings explain the detrimental effect of NEMO mutations 
in patients suffering from X-linked ectodermal dysplasia and immunodeficiency. More 
recently, we have identified novel components of the linear ubiquitin-dependent 
pathways that control the NF-κB and apoptotic pathways downstream of TNF receptors. 

Removal of harmful protein aggregates, damaged organelles and microbes is 
mediated by autophagy, a process by which the cell sequesters cytosolic cargo and 
delivers it for degradation by the lysosome. The involvement of ubiquitin in selective 
autophagy is becoming more evident: autophagic clearance of protein aggregates requires 
specific autophagy receptors. Identification of p62/SQSTM1 and NBR1 as autophagy 
receptors, which simultaneously bind both ubiquitin and autophagy-specific ubiquitin-
like modifiers, LC3/GABARAP, has provided a molecular link between ubiquitination 
and autophagy. The molecular details of selective autophagy suitable for clearance of 
various cargoes, ranging from ubiquitinated protein aggregates to membrane-bound 
organelles and microbes will be discussed. 
 
 

Tuesday, 24 May 
 

Regulation of the cell division cycle by ubiquitin-
mediated protein degradation 
Avram Hershko 
Unit of Biochemistry, the Rappaport Faculty of Medicine, Technion-Israel Institute of 
Technology, Haifa 31096, Israel. 
 
  The cell division cycle is driven by oscillations in the levels of regulatory proteins such as 
cyclins, inhibitors of cyclin-dependent protein kinases, inhibitor of anaphase initiation and 
proteins associated with the mitotic spindle. Various cell cycle regulatory proteins are 



 14

targeted for degradation at the appropriate times by specific ubiquitin ligases. The ubiquitin 
ligase Anaphase-Promoting Complex/Cyclosome (APC/C) targets for degradation mitotic 
cyclins and securin, an inhibitor of anaphase initiation. APC/C is essential for exit from 
mitosis   and for prevention of premature exit from the G1 phase of the cell cycle. The 
activity of APC/C is tightly regulated in the cell cycle: it is inactive in the S phase, G2 
phase and in early mitosis, becomes active in late mitosis and remains active until the end 
of G1 phase of the next cell cycle.  The activity of APC/C is controlled in different phases 
of the cell cycle by the activator proteins Cdc20 and Cdh1, by the inhibitor  Emi1, and by 
phosphorylations of APC/C and of its regulatory proteins.  In prometaphase, APC/C is kept 
inactive by the mitotic (or spindle assembly) checkpoint system, a surveillance mechanism  
that ensures accurate  segregation of chromosomes in mitosis by preventing anaphase 
initiation until all chromosomes are correctly attached to the mitotic spindle. We have been 
studying the biochemical mechanisms by which the mitotic checkpoint system regulates the 
activity of the APC/C using extracts from nocodazole-arrested cultured cells. Such 
“checkpoint extracts” faithfully reproduce downstream events of this system. APC/C is 
inactive in these extracts, due to the presence of mitotic checkpoint inhibitors that suppress 
APC/C activity. These include the Mitotic Checkpoint Complex (MCC), composed of the 
APC/C activator Cdc20 associated with the checkpoint proteins Mad2, BubR1 and Bub3, 
as well as an additional inhibitor MCF2 (Mitotic Checkpoint Factor 2). When checkpoint 
extracts were incubated in the presence of ATP, APC/C was converted to an active form 
following a lag period. Experiments in which “activated” and “checkpoint-arrested’ 
extracts were mixed indicated that the activation of APC/C was due to the elimination of 
labile inhibitors. Indeed, the activation of APC/C was accompanied by the disassembly of 
MCC and the disappearance of APC/C-bound MCF2. The hydrolysis of ATP at the β-γ 
position was required for both the activation of APC/C and for the disassembly of MCC in 
exit from mitotic checkpoint arrest. In a purified in vitro system, the disassembly of MCC 
required both ATP hydrolysis and the presence of the Mad2-binding protein p31comet. 
Surprisingly, we found that p31comet induced the dissociation of Cdc20 from BubR1 in 
MCC. Currently we investigate the possibility that the binding of p31comet to Mad2 in MCC 
produces an alteration in Cdc20 by an ATP-requiring process which disrupts its interaction 
with BUbR1, thus leading to MCC dissociation. 
 

Non-proteolytic functions of ubiquitin in cellular 
responses to DNA damage 
Niels Mailand 
Novo Nordisk Foundation Center for Protein Research, University of Copenhagen, 
Blegdamsvej 3, 2200 CPH Denmark 
 
DNA damage arises continuously as the result of intracellular metabolism and upon 
exposure to a multitude of genotoxic agents. If left unrepaired, such insults can be life-
threatening for organisms as they alter the content and organization of the genetic 
material. To overcome this challenge to genomic stability, cells have evolved a global 
signaling network known as the DNA damage response that senses different types of 
genotoxic stress to mount a coordinated response, which includes modulation of cell 
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cycle transitions and stimulation of DNA repair. Accordingly, the DNA damage response 
functions as a major cellular defence mechanism against the accumulation of genetic 
changes associated with diseases such as cancer. DNA double-strand breaks (DSBs) 
represent the most destructive type of chromosomal lesion and trigger rapid chromatin 
restructuring accompanied by accumulation of signaling and repair proteins in the 
vicinity of the DSB. We and others have recently shown that non-proteolytic 
ubiquitylation of histones surrounding DSBs, mediated by the E3 ubiquitin ligases RNF8, 
RNF168, and HERC2, plays a key role in facilitating restoration of genome integrity by 
licensing the DSB-modified chromatin to concentrate DNA repair factors such as 53BP1 
and BRCA1 near the lesions. In this presentation, I will summarize our key findings 
leading to the discovery of the DSB-responsive RNF8/HERC2/RNF168 ubiquitin ligase 
cascade, and discuss our latest insights into novel regulatory mechanisms that govern the 
activation of this pathway to promote the DSB-induced chromatin response in human 
cells. 
 
 

Regulation of the proteasome by ubiquitin chain editing 
Daniel Finley 
Department of Cell Biology, Harvard Medical School, Boston MA, USA 
 
Error-correction mechanisms have long been studied in the field of protein synthesis. In 
an interesting analogy, the proteasome contains activities that can remodel, or edit, 
multiubiquitin chains on incoming substrates. These serve to regulate the probability of 
substrate degradation by the proteasome in both yeast and mammals. Such effects can be 
powerful but appear to vary in strength from substrate to substrate, with some substrates 
being oblivious to these factors. Regulation of substrate degradation rates might reflect 
that more extensively ubiquitinated substrates bind the proteasome more avidly. The 
main factors of interest in this regard are, in yeast, the deubiquitinating enzyme Ubp6 
and the ligase Hul5. Understandably, Ubp6 suppresses degradation while Hul5 promotes 
degradation. These factors can transduce signals to the proteasome, to modulate its 
activity positively or negatively. For example. The UBP6 gene is induced when 
ubiquitin levels are low, while HUL5 is not. In addition to modifying ubiquitin chains, 
both factors can regulate degradation noncatalytically. This can be seen from the many 
phenotypic differences that separate their null mutants from active-site-directed point 
mutants. Several findings indicate an intimate relationship between Hul5 and Ubp6. 
Most interestingly, the noncatalytic effect of Hul5 depends on the catalytic activity of 
Ubp6. Also, of the 910 residues in Hul5, only a short segment at the N-terminus is 
required for this activity, whereas the Hul5 ligase domain is C-terminal. Our working 
model is that Hul5 conditionally suppresses Ubp6 deubiquitinating activity. Ongoing 
work aims to identity the mechanism of this apparent suppression.  

 



 16

Role of the pro-apoptotic ARTS protein in Apoptosis and 
Tumor suppression 
Sarit Larisch,  
Biology and Human Biology Department. University of Haifa. 32000, Israel 
 
Apoptosis, or programmed cell death is a critical process for regulating cell numbers and 
maintaining tissue homeostasis. Caspases, the main executioners of apoptosis are tightly 
regulated by both activators and inhibitors. The best-studied family of caspase inhibitors 
are the Inhibitors of Apoptosis (IAPs). In dying cells, the inhibition of caspases by XIAP 
(X-linked IAP) has to be overcome to enable the initiation of apoptosis.  This is achieved 
by the function of natural IAP-antagonist proteins. ARTS (Sept4_i2) is a mitochondrial 
pro-apoptotic tumor suppressor protein. ARTS induces apoptosis by binding to and 
inhibiting the anti-apoptotic activity of IAPs.  In living cells, ARTS is localized at the 
outer membrane of mitochondria. Upon induction of apoptosis, ARTS translocates to the 
cytosol. This translocation occurs minutes after apoptotic induction and precedes the 
release of cytochrome C and other IAP-antagonist, such as SMAC/Diablo. Moreover, 
ARTS function is required for the normal “on time” release of cytochrome C and 
SMAC/Diablo from mitochondria.  We propose that the translocation of ARTS initiates a 
first wave of non-lethal caspase activation that can promote mitochondrial outer 
membrane permeabilization (MOMP). This leads to the subsequent release of additional 
mitochondrial factors, including cytochrome C and SMAC/Diablo, which then amplifies 
the caspase cascade and causes apoptosis. ARTS expression is frequently lost in 
leukemia and lymphoma patients, indicating that it functions as a tumor suppressor 
protein. Evidence for a role of ARTS as a physiological XIAP-antagonist and tumor 
suppressor has come from inactivation of the mouse Sept4 gene, which encodes ARTS. 
Sept4/ARTS-null mice show accelerated tumor development, elevated XIAP levels and 
have stem cells with increased resistance to cell death, demonstrating a physiological role 
of ARTS for regulating XIAP levels and apoptosis in vivo. Because ARTS acts very early 
in the initiation of a caspase cascade and is frequently lost in human cancers, ARTS-
based therapies may offer highly specific and selective cancer cell killing. 
 
 

Death by degradation: regulation of apoptosis by the 
ubiquitin-proteasome system 
Hermann Steller 
Howard Hughes Medical Institute, Strang Laboratory of Apoptosis and Cancer Biology, 
The Rockefeller University, New York, USA 
 
Virtually all of our cells have the ability to self-destruct by undergoing apoptosis, an 
intrinsic cell suicide program that serves to eliminate unwanted and potentially dangerous 
cells. Abnormal regulation of apoptosis is associated with many human diseases, 
including neuro-degenerative disorders and cancer. The Steller lab investigates the 
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mechanisms by which many different signaling pathways converge to regulate a common 
cell death program, how defects in this process contribute to cancer, and how insights 
into apoptotic pathways can be exploited for the design of new anticancer drugs. 
 
The ubiquitin-proteasome system (UPS) plays a major role in the regulation of apoptosis 
by targeting central components of the apoptotic pathway, including caspases.  Many 
inhibitor of Apoptosis Proteins (IAPs) act as E3-ubiqutin ligases to block unwanted 
caspase activity.  IAPs are commonly over-expressed in human tumors and hence have 
emerged as promising targets for cancer therapy.  We have shown that inactivation of 
XIAP in mice causes no overt developmental defects, but protects against tumorigenesis 
by sensitizing pre-malignant cells towards apoptosis.  This provides a strong rationale for 
targeting XIAP in cancer therapy. In vivo, IAPs are regulated by natural antagonists.  The 
mechanism by which these natural IAPs act can guide the development of small-molecule 
therapeutics.   Apoptosis related protein in the TGF-β signaling pathway (ARTS) is a 
pro-apoptotic IAP-antagonist.  Expression of ARTS is frequently lost in human cancer.  
Silencing of ARTS involves DNA hypermethylation of the ARTS-promoter and changes 
in the pattern of Histone-3 (H3) methylation.  Loss of ARTS function in the mouse 
accelerates the development of tumors in several different cancer models by inhibiting 
apoptosis of stem and early progenitor cells.  These results define ARTS as a crucial 
tumor suppressor and uncover a causal link between epigenetic inactivation of ARTS and 
oncogenesis.  More generally, they suggest that apoptosis plays an important role as a 
front line defense against cancer by restricting the number of normal stem cells, and that 
defects in stem cell apoptosis contribute to the emergence of cancer stem cells. 

 
 

Proteasome co-factors channel misfolded proteins for 
degradation 
Franziska Kriegenburg1, Sofie V. Nielsen1, Visjna Jakopec2, Ursula 
Fleig2, Colin Gordon3 and Rasmus Hartmann-Petersen1 
1 Department of Biology, University of Copenhagen, Ole Maaløes Vej 5, DK-2200 
Copenhagen, Denmark;  2Heinrich-Heine University, Universitätsstraße 1, 40225 
Düsseldorf, Germany; 3MRC Human Genetics Unit, Crewe Road, EH4 2XU Edinburgh, 
UK. 

 
In nature cells are regularly challenged by environmental and physiological stress 
conditions, which may lead to aberrant protein conformational changes. Also during 
protein synthesis many requirements must be met for a protein to achieve a functional 
state. These include proper folding, intracellular targeting and association with other 
macromolecules. To cope with the presence of misfolded proteins, cells have developed 
two alternative pathways: either the proteins are shielded from aggregation and refolded 
to a native state by molecular chaperones or, if the native state is unattainable, 
ubiquitylated and targeted for degradation in the 26S proteasome. Though both protein 
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folding and degradation have been studied in great detail separately, only little is known 
about the molecular mechanisms involved interplay between the two pathways. However, 
studies in mammalian cells have shown that the proteasome co-factor known as BAG-1 
acts as a linker protein that drives chaperone clients to the ubiquitin-proteasome pathway 
for degradation. 
The fission yeast genome encodes two BAG-1 orthologues, Bag101 and Bag102. The 
presented data will show recent progress in defining functional similarities and 
differences between the fission yeast BAG proteins and their role in intracellular protein 
quality control. 
 

A perturbed ubiquitin landscape distinguishes between 
ubiquitin in trafficking and in proteolysis 

Inbal Ziv1, Oded Kleifeld1,# Yulia Matiuhin1, Donald S. Kirkpatrick2, Zoi 
Erpapazoglou3, Sebastien Leon3, Marina Pantazopoulou3, Woong 
Kim2, Steven P. Gygi2, Rosine Haguenauer-Tsapis3, Noa Reis1, and 
Michael H. Glickman1,# 

1 Department of Biology, Technion Israel institute of Technology, Haifa 32000 Israel 
2 Department of Cell Biology, Building C, Room 516 Harvard Medical School, 240 
Longwood Avenue Boston, MA 02115 USA 
3 Institut Jacques Monod, CNRS/Université Paris Diderot, Bât.Buffon - 15 rue Hélène 
Brion 75205 PARIS CEDEX 13 – FRANCE 
 
Any of seven lysine residues on ubiquitin can serve as the base for chain-extension, 
resulting in a sizeable spectrum of ubiquitin modifications differing in chain length or 
linkage type. By applying a procedure for rapid lysis, we charted the profile of 
conjugated cellular ubiquitin directly from whole cell extract. Roughly half of conjugated 
ubiquitin (even at high molecular weights) was non-extended, consisting of 
monoubiquitin modifications and chain terminators (endcaps). Of extended ubiquitin, the 
primary linkages were via Lys48 and Lys63. All other linkages were detected, 
contributing a relatively small portion that increased at lower molecular weights. In vivo 
expression of lysineless ubiquitin (K0 Ub) perturbed the ubiquitin landscape leading to 
elevated levels of conjugated ubiquitin, with a higher mono-to-poly ratio. Affinity 
purification of these trapped conjugates identified a comprehensive list of close to 900 
proteins including novel targets. Many of the proteins enriched by K0 ubiquitination were 
membrane-associated, or involved in cellular trafficking. Prime among them are 
components of the ESCRT machinery and adaptors of the Rsp5 E3 ubiquitin ligase. 
Ubiquitin chains associated with these substrates were enriched for Lys63 linkages over 
Lys48, indicating that K0 Ub is unevenly distributed throughout the ubiquitinome. 
Biological assays validated the interference of K0 Ub with protein trafficking and MVB 
sorting, with minimal effect on Lys48-dependent turnover of proteasome substrates. 
Although sharing use of the ubiquitin molecule, the two branches of the ubiquitin 
machinery - the ubiquitin-proteasome system (UPS) and the ubiquitin trafficking system 
(UTS) - were unevenly perturbed by expression of K0 ubiquitin. 
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Role of protein degradation in fungal development 
Nadine Sela, Sigal Mendelson, Avigail Atir-Lande and Daniel Kornitzer 
Dept. of Molecular Microbiology, B.Rappaport Faculty of Medicine and the Rappaport 
Institute, Technion – Israel Institute of Technology, Haifa, Israel & Department of 
Molecular Genetics and Cell Biology, Biological Sciences Division, University of 
Chicago, USA 
 
Candida albicans is a major fungal pathogen, increasingly prevalent among 
immunocompromised patients, and currently the fourth leading cause of morbidity and 
mortality among nosocomial infections. A central and defining characteristic of C. 
albicans is its ability to switch, depending on growth conditions, between yeast and 
hyphal (mold) morphologies.  Using mutants that grow exclusively in the yeast form, it 
was shown that the yeast-to-hypha switch is essential for virulence. We have identified a 
mutant that, conversely, leads to constitutive hyphal growth. This mutant lacks CDC4, a 
member of the of the F-box protein (FBP) family, which typically serve as substrate 
receptors of the SCF ubiquitin ligase complex. SCF ubiquitin ligases consist of the 
scaffold protein CUL1 bound at one end by ROC1/RBX1 and the ubiquitin-conjugating 
enzyme and at the other end by SKP1 and the variable substrate-recruiting FBP. We 
found that the function of Cdc4 in hyphal morphogenesis is due to its targeting of two 
key substrates for degradation, the cell cycle regulator Sic1/Sol1 and the transcription 
factor Ume6. Degradation of Ume6 depends on its phosphorylation by the cyclin-
dependent kinase Cdk1 in conjunction with the cyclin Cln3. Since the Cdk1/Cln3 kinase 
is essential for cell cycle progression, these results clarify the antagonistic relationship 
between cell cycle progression and hyphal morphogenesis in this pathogen. Furthermore, 
the dependence of C. albicans morphogenesis on SCFCDC4 function results in additional 
mutants of the SCF complex having distinct morphogenetic phenotypes. This led us to 
develop C. albicans as an experimental system to address the roles of the SCF ancillary 
factors NEDD8, a ubiquitin-like protein that is conjugated to the C-terminal domain of 
CUL1 (“neddylation”), and CAND1, a large protein that wraps around CUL1 and 
prevents both neddylation and SKP1-FBP binding. We find that both factors function 
independently to promote SCF function.  
 
 

Insights into the Structure and Function of Ubiquitin 
Ligases 
Allan M. Weissman 
Laboratory of Protein Dynamics and Signaling, Center for Cancer Research, National 
Cancer Institute, NIH, Frederick Maryland, USA 

 
Ubiquitin ligases (E3s) working together with ubiquitin-conjugating enzymes are the 
primary determinants of substrate specificity in ubiquitination. Proteins can be targeted 
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by one or multiple E3s. Conversely E3s often target multiple proteins depending on 
factors that include intracellular location, conformation and the presence of other post-
translational modifications. The vast majority of known E3s can be divided into HECT 
E3s and the substantially larger family of RING finger and RING finger-like E3s. 
Ubiquitin ligases are essential to normal physiology and in cancer they are implicated as 
tumor suppressors, oncogenes and metastatic factors. Our laboratory has a particular 
interest in the function of ubiquitin ligases at intracellular membranes and their roles in 
both normal function and disease. Our work on E3s resident to the endoplasmic reticulum 
is oriented towards understanding the molecular details of RING finger ubiquitin ligase 
function. Studies of E3s at the mitochondrial outer membrane have as a goal an 
understanding of the role of these proteins in regulating mitochondrial dynamics and 
cellular responses to apoptotic stimuli. Ongoing work in these areas will be presented.  
 
 
 

Fusogens Sculpting Cells and Organs 
Benjamin Podbilewicz 
Department of Biology, Technion- Israel Institute of Technology, Technion City, Haifa 
32000, Israel 
podbilew@tx.technion.ac.il 
http://www.elegansfusion.org 
http://www.grc.org/programs.aspx?year=2011&program=cellcell 
 

We would like to understand how cells interact with one another and rearrange 
themselves to sculpt organs. We are using the nematode Caenorhabditis elegans to 
investigate cell fusion, organ formation, and nerve cell development. The wealth of 
anatomical, genetic, developmental, and molecular information available for C. elegans 
provides a multidisciplinary and powerful approach for these studies. Our work has 
focused on one question: How do cells fuse? Cells fuse during fertilization and formation 
of organs (1-3). For example, macrophages, eye lens cells, placental cells, and muscle 
cells fuse during normal human development (4, 5).  

We initially approached cell fusion by mutational analysis, obtaining many mutations in 
two genes that we found are critical for the cell fusion process. We identified EFF-1 and 
AFF-1, two membrane proteins essential and sufficient for cell fusion in C. elegans (6, 
7). EFF-1 and AFF-1 are the founders of a family of eukaryotic cell fusion proteins 
(fusogens). EFF-1 and AFF-1 from nematodes can fuse cells in culture and are required 
in both fusing cells. Our ultimate goal is to understand the molecular and biophysical 
mechanisms of cell membrane fusion. We have accomplished a complete description of 
the cellular events leading to the formation of an organ (8). We now focus on fertilization 
(sperm-egg fusion) and the development of four organs: vulva, skin, muscles and 
pharynx. 

Pruning of neuronal trees. We recently discovered that EFF-1 is also required to sculpt 
neuronal trees required for sensing strong mechanical stimuli (pain receptors). We found 
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that EFF-1 trims neuronal branches as a novel quality control mechanism. EFF-1 works 
in specific neurons by fusing excess and abnormal branches. In additional EFF-1 retracts 
branches (9). We have identified additional genes that participate in the generation and 
maintenance of neuronal trees and we hope that our discoveries in C. elegans may help to 
understand and repair degenerative diseases of the nervous system and mental disorders. 
 
1. B. Podbilewicz, J. G. White, Dev Biol 161, 408 (1994). 
2. B. Podbilewicz, Cell fusion WormBook, http://www.wormbook.org. (2006) 
3. A. Sapir, O. Avinoam, B. Podbilewicz, L. V. Chernomordik, Dev Cell 14, 11 (2008). 
4. M. Oren-Suissa, B. Podbilewicz, Developmental Dynamics 239, 1515 (2010). 
5. M. Oren-Suissa, B. Podbilewicz, Trends Cell Biol 17, 537 (2007). 
6. W. A. Mohler et al., Dev. Cell 2, 355 (2002). 
7. A. Sapir et al., Dev Cell 12, 683 (2007). 
8. R. Sharma-Kishore, J. G. White, E. Southgate, B. Podbilewicz, Development 126, 691 (1999). 
9. M. Oren-Suissa, D. Hall, M. Treinin, G. Shemer, B. Podbilewicz, Science 328, 1285 (2010). 
 
 
 

Translational regulation as a means to adjust protein 
degradation 
Ariel Stanhill 
Department of Biochemistry, The B. Rappaport faculty of Medicine 
Technion-Israel Institute of Technology, Haifa 32000, Israel  
 
While initial steps in regulating protein degradation by the Ubiquitin-Proteasome system 
(UPS) have focused on the role of E3 ligases, it is becoming apparent in recent years that 
the 26S proteasome is a dynamic particle that is modulated to adapt to diverse cellular 
conditions. Arsenite is protein misfolding agent that causes UPS impairment. We have 
previously characterized AIRAP as a novel inducible proteasome adaptor required for 
modulating proteasomal activity during severe protein misfolding conditions.  However, 
as arsenite causes a strong unfolded protein response (UPR), translational repression is 
one cellular mechanism that enables the cell to reduce the cellular burden of newly 
synthesized misfolded proteins. We set out to analyze the cellular mechanisms that 
enable AIRAP transcript to be translated during UPR inducing conditions.   
Translation of mRNA's during UPR conditions is enabled by the existence of up-stream 
open reading frames (uORF) in the 5' untranslated region (UTR) of transcripts. This 
mode of regulation relays on the phosphorylation of the initiation factor 2α subunit 
(eIF2α) which leads to the decreased availability of the ternary complex. Only transcripts 
harboring two or more uORF's in their 5'UTR undergo translation during UPR 
conditions. Data presented will show the existence of a single uORF in AIRAP transcript 
that is required in order to enable translation during inhibitory conditions. However, this 
translational induction is not eIF2α phosphorylation dependent but rather regulated by a 
leaky scanning mechanism. This line of regulation is mediate by the surrounding 
nucleotide context of the AUG, and is found to modulate the ability of ribosome to 
initiate translation from non-optimal kozak sequences. We have extended our findings to 
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other translationaly regulated transcripts and will present data demonstrating the 
importance of leaky scanning in translational regulation. 
 
 

Wednesday, 25 May 
 

Why Our Proteins Have to Die so We shall Live or The 
Ubiquitin Proteolytic System - From Basic Mechanisms 
thru Human Diseases  and onto Drug Development   
Aaron Ciechanover   
Cancer and Vascular Biology Research Center, Faculty of Medicine,  
Technion-Israel Institute of Technology, Haifa, 31096 Israel 

 
Between the 50s and 80s, most studies in biomedicine focused on the central dogma - the 
translation of the information coded by DNA to RNA and proteins.  Protein degradation 
was a neglected area, considered to be a non-specific, dead-end process.  While it was 
known that proteins do turn over, the high specificity of the process - where distinct 
proteins are degraded only at certain time points, or when they are not needed any more, 
or following denaturation/misfolding when their normal and active counterparts are 
spared - was not appreciated.  The discovery of the lysosome by Christian de Duve did 
not significantly change this view, as it was clear that this organelle is involved mostly in 
the degradation of extracellular proteins, and their proteases cannot be substrate-specific.  
The discovery of the complex cascade of the ubiquitin solved the enigma.  It is clear now 
that degradation of cellular proteins is a highly complex, temporally controlled, and 
tightly regulated process that plays major roles in a variety of basic cellular processes 
such as cell cycle and differentiation, communication of the cell with the extracellular 
environment and maintenance of the cellular quality control.  With the multitude of 
substrates targeted and the myriad processes involved, it is not surprising that aberrations 
in the pathway have been implicated in the pathogenesis of many diseases, certain 
malignancies and neurodegeneration among them, and that the system has become a 
major platform for drug targeting.     
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α‐Synuclein aggregation and toxic intracellular 
pathways 
Poul Henning Jensen 
Department of Medical Biochemistry, Aarhus University, 8000 Aarhus C, Denmark 

 
α‐Synuclein (AS) is a small abundant unfolded brain protein. It is enriched in presynaptic 
nerve terminals where it is involved in maintaining the fidelity of the synaptic vesicle 
“machinery”.  
AS is intimately involved in the development of Parkinson disease and Lewy body 
dementia based on genetic and pathoanatomical data. First, missense mutations in the AS 
encoding gene SNCA and simple multiplications of the normal coding region causes 
autosomal dominant heritability of the two diseases. Second, genome wide association 
studies of sporadic Parkinson disease patients demonstrate SNCA is the locus most 
strongly associated to sporadic disease. Third, all cases of Parkinson disease demonstrate 
deposition of AS in amyloid-type inclusion. Hence, pathogenic mechanisms stimulated 
by the gain of toxic function of aggregated AS are causally associated to familial PD and 
are likely involved in sporadic cases as well. The mechanisms whereby the aggregates 
negatively impact the cells are still lucid.  
Two strategies have been pursued to identify the toxic mechanisms. First proteomic 
screens have identified novel proteins partners that preferentially bind AS in its misfolded 
state and thereby may transmit part of their toxic function. Data will be presented on how 
this inhibits the cells ability to remove misfolded proteins and maintain normal ion 
gradients. Second we hypothesized that misfolded proteins stimulates prodegenerative 
gene expression. Using gene chip analysis we have identified genes that negatively 
regulate cellular defenses against misfolded proteins.  
Currently these mechanisms are explored in cellular models subjected to proteomic, gene 
expression and small molecule screens to identify potential neuroprotective disease 
modifying intervention point.  
 
 

New insights into proteasomal mechanisms 
Alfred Goldberg, Andreas Peth, David Smith 

Department of Cell Biology, Harvard Medical School, Boston, MA 02115, USA 
 
The 26S proteasome contains 6 ATPase subunits in a ring and uses ATP to unfold and 
translocate proteins into the 20S proteasome, where they are digested to small peptides.  
The proteasome inhibitors commonly used in research and in cancer treatment (Velcade) 
inhibit the 20S’s chymotrypsin-like peptidase activity. Substrates enter the 20S 
proteasome through a narrow gated channel in its outer α-ring. The N-termini of the α-
subunits function as a regulated gate that prevents nonspecific entry of cell proteins. To 
dissect the functions of the ATPases, we’ve studied the homologous, but simpler archaeal 
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20S proteasome and its regulatory ATPase complex, PAN. PAN and the 19S ATPases 
(Rpt2 and 5) contain a C-terminal tripeptide HbYX motif, which binds to pockets in the 
20S’s α-ring and function like “keys-in-a-lock” to trigger gate-opening. Short peptides 
from the C-termini that contain the HbYX motif by themselves induce gate-opening by 
interacting with residues in the inter-subunit pockets and causing rotation of the α-
subunits which destabilizes the closed gate conformation.  
 
The capacity of the 26S proteasome for proteolysis is enhanced upon binding of a 
ubiquitinated protein which further stimulates gate opening. This stimulation occurs 
when the ubiquitin chain binds to the 19S-associated deubiquitinating enzyme, 
Usp14/Ubp6. This mechanism enhances the selectivity of the proteasome for 
ubiquitinated proteins and links ubiquitin chain disassembly to proteolysis. After a 
ubiquitinated substrate binds, the conjugates become tightly bound and committed to 
degradation. This step requires ATP hydrolysis and an unfolded or loosely-folded domain 
in the proteins. Substrates then are deubiquitinated and translocated into the 20S. During 
proteolysis, nucleotide hydrolysis proceeds around the ring in an ordered manner. 
Although PAN has six identical subunits, it binds ATPs in pairs, and two subunits exhibit 
high, two low, and two have affinity for ATP. When PAN or the 26S binds two ATPγS 
molecules, it is maximally active (e.g. in promoting 20S gate opening). These findings 
imply a cyclical mechanism in which two para-positional ATPase subunits bind ATP 
simultaneously and dock into the 20S. This mechanism can explain how these hexameric 
ATPases interact with and ‘‘wobble’’ on top of the heptameric 20S proteasome. 

 
 
 


