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Summary
In the proposed work we like to develop for the first time

SPIN polarized high resolution HArd Xray Photo
Emission Spectroscopy SPIN HAXPES at SPring-8, a
new method world wide. HAXPES is the best method to
study bulk properties of new materials and devices due to
the large mean free path of the photoelectrons compared
to conventional photoemission spectroscopy. Objective
of the SPIN HAXPES project is to develop highly bulk
sensitive spin resolved photoemission, a method for the
investigation of the electronic and magnetic properties of
magnetic materials including new materials for
Spintronic devices. For that purpose, a new high
efficiency detection system for spin polarization (SP)
analysis and ultrafast signal detection will be devel oped.
Research purpose

The long-term goal of the proposal will be on the technical
aspects of SPIN HAXPES. SPIN HAXPES will be
performed in the first years using a spherical electron
analyzer (SPECS Phoibos 225 SP) with spin detector. The
machine will be shipped in advance from Germany to
SPring-8. The transport will be funded by the German
Science Foundation DFG (project P7 of the Research Unit
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Present Status of SPring-8

FG 559" New Materials with High Spinpolarization” ).
Members of this FG559 are the following proposers
(Fecher, Felser, Schtnhense, Hloskovskyy). The samples
will be prepared in the group of the collaborating
Japanese groups (Inomata, Y amamoto). The electrons
are excited from thin films, consisting of a single domain
such as established ferromagnetic elements (Co), and in
the third year TMR devices and bulk samples of the two
Heusler compounds Co,FeAl; sSij 5 and Co,MnSi by
means of hard X-rays.

Expected of this experiment

Motivation for the development of SPIN HAXPES is the
growing interest of fundamental research in magnetism
and applied research in Spintronics. Spintronics is a new
and exciting term introduced to designate an innovative
field in technology that uses the spin degree of freedom
to construct electronic devices. Ideal materias for future
efficient devices should behave as metals for one spin
direction of the electrons and as semiconductors for the
opposite spin direction. Heusler compounds belong to
this class of materials. An indirect proof for the half
metallicity is the high magneto resistance effect of
Heusler compounds in tunnel junctions. SPIN HAXPES
is the ideal technique for a direct proof of the half
metallicity and additionally for the investigation of the
properties of spintronics devices. Due to the large mean
free path of the photoelectrons, the investigation of a
whole device is possible.

However, for magnetic materials such as spintronics
devices the measurement of the spin and charge is
necessary for a better understanding of these materials.
Therefore, it is time to go one step further and develop
SPIN HAXPES.
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Research purpose and summary
Regulated Intramembrane Proteolysis (RIP) is a highly
conserved signaling mechanism, where a signaling
molecule is cleaved within the lipid bilayer by an
intramembrane protease. Traditional wisdom told us
proteolysis requires water; however, in RIP, both the
protease and the substrate are integral membrane proteins
and the cleavage occurs within the hydrophobic lipid
bilayer. Thus it represents a conceptual breakthrough! It
has been most intriguing to scientists how water
molecules and substrate get access to the active site of an
intramembrane protease.

Based on the function and predicted active site, the
characterized intramembrane proteases are classified into
4 families. the metalloprotease site-2 protease (S2P), the
serine protease Rhomboid, the aspartyl proteases Signal
Peptide Peptidase (SPP) and Presenilin. Intramembrane
proteases play important roles in a wide range of cellular
functions. For example, S2P is a key player in sterol
metabolism in cells; Rhomboid works in the Wnt
signaling pathway; Presenilin is the most notorious
intramembrane protease as it directly cleaves Amyloid
Precursor Protein (APP) and results in the accumulation of
b-amyloid peptide, the direct pathogen for Alzheimer’'s
disease.

In order to understand the working mechanism of RIP, it
requires high-resolution structures of the intramembrane
proteases both in the apo-form and in the substrate or
inhibitor-bound forms. Successful determination of the
proposed structures will also provide invaluable
therapeutic potentials to fight deleterious diseases, such
as Alzheimer’s disease and cardiovascular diseases.

A number of biologists have been working on the
structural study of intramembrane proteases for years. The
breakthrough was finally made in 2006. Four independent
groups successfully solved the structures of the bacteria
homologs of Rhomboid in their apo forms. At the end of
year 2007, the structure of an archaebacterial S2P
homolog was determined by Dr. Yigong Shi’'s group at
Princeton University. The structures answered the
question of how water molecules get access to the active

site and provided clue to understanding substrate entry;
however, the following questions remain unknown:

1. What regulates the substrate access to the active site?

Whether the structure, function and regulation of

Rhomboid protease are conserved from bacteria to

eukaryotes?

3. Whether the structure, function and regulation of S2P
protease are conserved from bacteriato eukaryotes?

4. What are the structure and function mechanism of
SPP?

5. What are the structure and function mechanism of

N

Presenilin?

The purpose of the proposed study is to address the
above questions.

Expected results
The aims of our research are:

1. To determine the structure of inhibitor or substrate
analog bound GIpG;

2. To determine the structure of inhibitor or substrate
analog bound S2P;

3. To determine the structures of eukaryotic rhomboid
protease and S2P,

4. To determine the structure of SPP,

5. To determine the high-resolution structure of
Presenilin;

6. To understand the working mechanism of RIP.

Despite of the ambitious plan, we understand very well
the intrinsic difficulty to deal with membrane proteins,
especially multi-subunit membrane protein complexes
such as Presenilin. Thus, in three years, we anticipate to
determine the structures of prokaryotic Rhomboid and
S2P in substrate or inhibitor bound forms; to determine
the structure of eukaryotic Rhomboid and S2P; and to
make preliminary result on the structural study of SPP
and presenilin.
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