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6. Description of your current research

In biological systems, the oxidation of many substrates is selectively carried out by
enzyme, whose hydrophobic active center contains generally at least one metal atom. The
objective of my thesis consists in the creation of "bio-inspired” heterogeneous catalysts for
selective oxidation reactions. Their design is based on copper enzymes such as Tyrosinase
taken as bio-models. The molecular confinement and the hydrophobic nature of the metal
site environment are created i) using inorganic materials with narrow pore size distribution
in the nanometer scale range, ii) grafting hydrophobic functions and also chelating
functions to bind copper inside the pores. MCM-41 type mesoporous silicas were selected
for several reasons. This material possesses a large specific surface area (1000 m*.g™)
allowing to reach high site concentration and is handled easily in various spectroscopic
experiments, including solid state NMR. The hexagonal array of pores allows a fine
monitoring of the support integrity during all the synthesis steps. The narrow pore size
distribution tunable in the 2-4 nm range will define a homogeneous confinement effect.
Moreover, the silanol groups of the surface of the pores allow the grafting of different
functions: hydrophobic or polar and/or chelating.

Our strategy for controlling the distribution of the grafted chelating and hydrophobic
functions is based on the so-called “ molecular patterning approach” developed by our
research group. This approach takes advantage of the presence of the templating
surfactant, localized inside the nanopores of as-made MCM-41, which is used as surface
protection during the first grafting. Since these surfactant molecules (quaternary
ammonium) are localized at the surface neutralizing SiO- groups and, being in mutual
electrostatic repulsion, they are distributed according to a regular array at the surface.
Then, the synthetic strategy here is to keep them into the as-made silica during the grafting




of the first function and to displace them before the grafting of the second function. The
quaternary ammonium plays the role of a stencil allowing that leads to the patterning
during the first grafting. This strategy has been tested using trimethylsilyl (TMS) functions
for hydrophobization, and chloropropyldimethylsilyl (CPDMS) as a tether for other
functions to create by chemical derivatization. Characterization of the so-obtained
materials shows that both the two functions are grafted on the surface but the proportion is
not still yet controlled. The substitution of Cl by amino groups to generate Lewis basicity
and complexing properties toward metal ions such as copper is obviously the next step.
Using diethylamine, the reaction gives only 17% yield. This has to be optimized using
other amines and/or changing synthesis conditions.

7. Research implementation and results under the program
(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):
Title of your research plan:  Study of distance between bromopropyl chains on
surface using molecular diamine probes.

Description of the research activities:

The first part of my research work in Japan has consisted in finding the softest
conditions needed to obtain a quantitative substitution of Br atom of bromohexane
by different amines. These conditions are later employed for the derivatization of
bromopropyl chains on the surface of mesoporous solids to get monoamino-
complexing or polyamino-chelating functions. Several tests were done changing
solvent and temperature. Each reaction test was followed by 'H and *C NMR
spectroscopies. The retained condition was 7 days in toluene at 60°C for primary
amine and 7 days in toluene at 35°C for secondary amines.

The second part of my work in Japan has consisted in applying this conditions to the
reaction between two different solids containing bromopropyl chains (Figure 1:
LUS-1 and LUS-2) and three amines (N-propylamine, dimethylethylenediamine and
dimethylpropyldiamine).

Figure 1.

The LUS-1 only has bromopropyl chains while LUS-2 has trimethylsilyl and
bromopropyl chains. The distance between two viciny bromopropyl chains in LUS-2




Is expected to be higher than in LUS-1.

Amines were used as chemical probes to characterize the distance and the number of
nearby bromopropyl chains together with several analyses (in Japan: argentometric
titration and scan electronic microscopy EDS-SEM, in France: solid NMR, elemental
analysis and maybe EXAFS). Because analysis is difficult in material chemistry, we
need to wait for all the above analyses before confirming any results.

8. Please add your comments (if any):

I would like to thank Pr. Yoshitake, my lab-mates, my new friends in Japan and everyone
involved in this JSPS Summer Program. This two months allowed me to discover a lot of
things, from the lab to the daily life. This was an unforgettable experiment and it will be a
pleasure to come again in Japan.

9. Advisor’s remarks (if any):

He has been sincerely engaged in his study. Two months are not enough to complete a
“unit” of experiments. Both in Japan and France, we will continue to analyze the products
he synthetized and find the optimum condition of synthesis.
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6. Description of your current research

My current research is concerned with positivity properties of divisors on algebraic
varieties, in the context of classification theory of higher dimensional complex varieties.
Algebraic varieties are geometric objects defined by polynomial equations, and divisors
are defined by one more equation, taking into account multiplicities. The positivity of such
a divisor on an algebraic varietyroughly corresponds to the amount of freedom the divisor
has to be deformed on the variety with a polynomial dependence on new parameters. Now
it turns out that an algebraic variety is always endowed with a canonical divisor, which
appropriately enough bears this name, and classification theory aims at distinguishing
between algebraic varities according to the positivity properties of their canonical divisor.
More precisely, two algebraic varities are said to be birational if a rational change of
variables sends one to the other, and the canonical divisor is preserved under such
equivalence. The goal is then to find a good model, which we understand well, in each
birational class of varieties whose canonical divisor has a given positivity property.
Several important conjectures in higher dimensional classification theory specify that
canonical divisors satisfy very special properties among general divisors, in particular that
it admits a Zariski decomposition. A divisor is said to admit a Zariski decomposition if
after passing to some birational model, it can be split into a part which can be deformed
and one which is completely rigid on the variety, and my current research aims at
understanding ahen such decompositions actually exist, having of course in mind the
special case of canonical divisors. In a recent joint work with C. Favre and M. Jonnsson,
we have introduced a different point of view on Zariski decompositions, by working
directly on the voute etoilee of a given algebraic variety, which is the limit space of all




possible blow-ups of the variety. Any divisor on the variety admits a Zariski
decomposition on this limit space, and the goal is to understand when this decomposition
already exists at a finite level. We've developed a number of tools for that, translating the
problem into convex function theory on the rather wild space of all valuations of the
variety, which looks like a fractal tree when the dimension equals 2. The research project
initially proposed was to try and apply these new techniques to the canonical divisor, and
study in particular the rationality properties of the corresponding function on valuation
space.

7. Research implementation and results under the program
(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):

Title of your research plan:

Singular Kahler-Einstein metrics on manifolds of general type.

Description of the research activities:

Most of my research activity in Todai has been devoted to further developing convex
function theory on the valuation space, with the help of numerous discussions with
S.Takayama. Much time has been spent to explain him the basis of the new theory
under construction, and conversely to learn from his indepth knowledge of Mori
theory and pluricanonical systems. In particular, one recent and exciting theorem of
Takayama's on extension of pluri-log canonical forms seems to be very promising in
trying to argue inductively to tackle the openness conjecture, which is the major goal
of the valuation space theory.

I've given two seminar talks while in Japan, one in Todai which was a great
opportunity to exchange with the most interesting audience | met there, and one in
Nagoya, where I've spent one week for joint research on Monge-Ampere masses and
Bergmann kernels with D. Popovici and had interesting mathematical dicussions
with Pr. Ohsawa who invited me.

However we have been compelled to give up the analytic part of the initial project,
because of the very recent announcement by Y.T.Siu, probably the world's leading
expert on the subject, of substantial progress on the question, which may soon lead to
a full solution of the problem of finite generation of the canonical ring, known to be
equivalent to the existence of Zariski decompositions for canonical divisors. But
since this question on partial differential equations was just one part of the overall
project, this didn't prevent us from achieving significant progress on several
problems that arose in the course of discussions with Takayam, also forming by our
rich exchanges sound basis for further research, which shall be done next year in the
context of a one-year JPSPS post-doctoral fellowship.
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6. Description of your current research

The goal of my PhD thesis is to investigate transcripts generated in different tissues, at
different time points in development or life in order to pinpoint the changes and
understand the histological and/or functional differences. One way to explore the
transcriptional diversity in cells is to build whole genome microarrays (or use commercial
ones), and to hybridize cellular samples on it. Up to now | worked with mouse arrays with
52 different tissues/organs to observe transcription in space, and fly arrays following
transcription during embryogenesis.

7. Research implementation and results under the program

(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):

Title of your research plan:

Reanalysis of gene expression changes in glomerulonephritis measured by
microarrays in rat models

Description of the research activities:

Glomerulonephritis is a painless inflammation of the glomerulus in the kidney, often
due to the buildup of immune complexes, and which can lead to high blood pressure
and the progressive loss of kidney function. Gene expression of rat models of the
disease has been investigated using microarray technology'. These data first
analyzed two years ago have been reanalyzed using the latest gene annotations and
using the Bioconductor package®. 29 genes are found to be overexpressed (at least 2
fold) in the disease-model compared to the wild type and 14 to be underexpressed.
Among them there are osteopontin, glutamate cysteine ligase, or epidermal growth
factor known to be involved in kidney diseases. Genes that could be mapped to
KEGG® maps, thanks to the KEGG API, link the disease to focal adhesion, amino
acid metabolism and MAPK pathway. No significant expression change has been
found in the ill rats treated with predsinolone compared to the ill ones. No new

serious candidate for therapy could be found.
1. Yamada et a/. Inhibition or protein kinase CK2 prevents the progression of glomerulonephritis. (2005)
PNAS 102 (21) 7736-7741
2. Gentleman et al. Bioconductor: open software development for computational biology and
bioinformatics. (2004) Gernome Biology 5(10) R80
3.  Kanehisa, M. et al. The KEGG resources for deciphering the genome. Nucleic Acids Res.,
23,D277-D280 (2004)
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6. Description of your current research

The project of my thesis can be included in the proteomics field that is the analysis of
proteins contained in complex sample. Our main interest is focused on allergen sources:
we would like to detect, characterise and identify the molecular allergens contained in a
complex allergen source such as food or plant pollen. So far, the best approach is to
analyse a complex protein mixture in a 2 dimension gel electrophoresis and detect the
allergens by an immuno-detection on a blot of the gel performed with allergic patient’s
sera. This technique is very dependant on skilful manpower, is time consuming and poorly
reproducible and finally very expensive. Our project is to develop a single
multidimensional chip able to separate rapidly and fully automatically, following two
complementary basic electrophoretic principles, complex protein mixtures, such as food
extract and finally to identify the allergens contained in the studied mixture. We propose to
separate the analytes first by Capillary Iso-Electric Focusing (CIEF) into an ordered stack
of proteins separated following their isoelectric points (pl). Then, these proteins will be
further separated by Carrier Ampholytes Based Capillary Electrophoresis (CABCE), a new
electro-driven separation method that we are now developing in Paris. This technique is
able to separate very quickly proteins under high electric field strength due to the low
conductivity of the background electrolytes (BGE) used without involving any heating of
the capillary contents by Joule effect. Moreover, these BGE, based on carrier ampholytes
are presenting a rather important loading capacity contrary to other low conductivity
buffers, such as some amino-acids which have been used in the past. This parameter
appears highly important when looking at the coupling of CABCE with CIEF, which is
presenting a high concentrating power of the analytes.




7. Research implementation and results under the program

Title of your research plan:

Stacking phenomenon in CABCE and hyphenation of CABCE with Mass
Spectrometry

Description of the research activities:

The CABCE method is a new method that has to be studied and characterized from a
theoretical point of view. The rather high loading capacity of this method which has
been bring to the fore in Paris, prior to my stay in Japan, is a surprising property for
such low conductivity background electrolytes. Nevertheless, this property is a really
important feature that makes possible to work with concentrated samples without
decreasing dramatically the performances of the analysis. This property is strongly
linked to the Kohlrausch Regulation Function (KRF) of a background electrolyte.
The values of this function have previously been shown to present a rather high
value in the carrier ampholytes based background electrolytes.

The KRF, which regulates with the Ohm’s laws, the transport of the ionic
constituents of a solution in a capillary during an electrophoretic process, rules also
another important process in electrophoresis, the stacking phenomenon.

Stacking is really important because it allows to preconcentrate online with the
electrophoretic separation diluted samples. Moreover, when considering real
samples, the low concentration of the compounds of interest is an often encountered
problem.

Taking advantage of the great knowledge of Professor Terabe and co-workers in the
field of the preconcentration techniques in capillary electrophoresis, | explored
during my stay in Japan the stacking capabilities of the carrier ampholytes based
background electrolytes. It has been shown that the field enhanced sample injection,
a very useful online preconcentration technique in capillary electrophoresis can be
easily implemented in CABCE. This allowed to enhance the sensitivity detection of
different kinds of compounds, small organic molecules or even peptides,
approximately a thousand times.

Thanks to the instruments available in the laboratory of Professor Terabe, the
coupling between CABCE and a highly sensitive mass spectrometry has also been
explored. And contrary to what is observed in CIEF, the relatively low volatility of
the carrier ampholytes is not as awkward in CABCE. Indeed, the carrier ampholytes
that are buffering at a pH close to their isoelectric point are presenting a very low
electrophoretic mobility. This feature combined to the use of coated capillaries which
are presenting a very low electroosmotic flow allowed to couple CABCE to mass
spectrometry for the analysis of protein tryptic digests with a rather good sensitivity.




A part of the results obtained during my stay in Japan thanks to the JSPS summer

program fellowship will be the subject to a scientific publication which is presently
under preparation.

Moreover, the results obtained in the laboratory of Professor Terabe will be really
helpful in the future for optimizing the conditions of protein separations by CABCE.
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6. Description of your current research

My present research concerns Nanoscience. It took place at the Laboratoire de
PhotoPhysique Moleculaire in Orsay (France) in the “Nanophysics, Photochemistry of
surfaces and Modelisation” group.

The goal of my group’s research is to build molecular nanomachines (machines made by an
assembly of molecules), whose working is fully controlled through electronic or optical
excitations. We have then to study first organic molecules adsorbed on surfaces which have
some interesting properties like motion on the surface, intramolecular motion or light
emission and we have to understand how to activate in a controlled and reproducible way
those properties.

For this purpose | use a Scanning Tunneling Microscope in ultra-high vacuum working at
room temperature (RT-STM) or at low temperature (LT-STM), in order to manipulate and to
excite with electric pulses individual organic molecules adsorbed on semi-conductor
surfaces. The STM, which is a near-field microscope with a very high resolution, measures
the tunneling current between the microscope probe and the surface, which is related to the
topography of the surface and to its electronic properties.

| studied during one year the electric excitation of biphenyl (a very simple and small
molecule) on silicon Si(100) with a RT-STM. This molecule has the interesting property to
move on the surface about a fixed axis between two positions. This switching motion from
one position to the other one can be activated in a controlled way through electronic
excitation.

I recently began to study bigger and more complex molecules, like hexaphenyl or CMTE.
Both of these molecules have the very interesting property of emitting light.






