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Introduction

For more than 10 years, genome research has focused on finding genetic risk fac-
tors for common disorders, based on the ‘Common Disease — Common Variant
(CDCV)’ hypothesis — the assumption that for most of the common disorders like
dementia, diabetes, coronary heart disease, autism and hypertension there are com-
mon genetic risk factors. In 2007, after many years of largely futile genome-wide
association studies (GWAS), associated markers were identified for a wide variety
of complex disorders, which was hailed as a decisive breakthrough in this field.
However, these associations were only found after massively increasing cohort
sizes and marker densities, meaning that the vast majority of the associated risk
factors have small effects and that they are of no diagnostic and prognostic rel-
evance. Therefore, it is now widely believed that for most common disorders, the
CDCYV hypothesis is wrong'.

This certainly applies to mental retardation (MR) — the biggest unsolved problem
of clinical genetics and the largest socio-economic burden of health care — where
most severe forms are due to defined chromosomal abnormalities or single gene
defects, instead of resulting from multifactorial inheritance, i.e. the interaction of
many different gene variants and environmental factors. However, there is in-
creasing evidence that single gene defects also play a significant, previously un-
derestimated role in other complex disorders. This has led to growing uneasiness
about the validity of the idea that GWAS is the preferred approach for identifying
sequence variants in the human genome that predispose to, or cause, disease.

! Terwilliger & Hiekkalinna, Eur ] Hum Genet 14:426-437, 2006; News Feature, Nature 456:18-21,
2008.
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Moreover, it has raised serious doubts about the strategy, first proposed in the
early nineties and uncritically adopted by leading genome centres worldwide, to
focus exclusively on complex disorders.

After the introduction of massive-parallel next generation sequencing techniques,
there are now indications for a paradigm shift in this field, with renewed attention
on single gene disorders. At a recent meeting?, two groups reported on their efforts
to unravel the molecular basis of Mendelian disorders by sequencing all exons in
the genomes of patients and their unaffected parents. Moreover, leading genome
researchers expressed their belief that instead of GWAS, whole genome sequenc-
ing-based, large-scale elucidation of single gene disorders will be the strategy of
choice for shedding more light on the molecular architecture of common disor-
ders.

We were among the first to point out the inherent difficulties of GWAS in complex
diseases and to stress that single gene disorders are important in their own right’.
In line with this, our focus has been, and still is, on the elucidation of single gene
disorders. Already in 1995, together with a Danish group, we had launched a project
to study disease-associated balanced chromosome rearrangements, as a system-
atic way to identify disease genes. Almost in parallel, we and others founded the
European MRX Consortium, a collaboration involving five European groups that
soon became a leader in the search for gene defects causing X-linked mental retar-
dation. In 2003, when it became clear that X-linked forms where not as common
as previously thought, our group started a formalized collaboration with a potent
group from Iran to study autosomal recessive forms of mental retardation. A year
later, and in parallel with only four other groups world-wide, we generated whole
genome-spanning tiling path BAC arrays, a novel tool for screening the entire
genome for submicroscopic Copy Number Variants (CNVs), which had been im-
plicated in MR and were suspected of playing a role in the aetiology of other
diseases, too™.

Developments since 2006

Next generation sequencing

Since our decision to become beta tester and first buyer of the Solexa/Illumina
Genome Analyzer on the European continent, Solexa/Illumina has established it-
self as the leading manufacturer of next generation sequencing (NGS) systems
world-wide, and NGS has become indispensable for our research into MR and
related disorders. We were also among the very first users of novel genome parti-
tioning methods, based on hybridization in solution (SureSelect, Agilent), array-
based hybridization (Nimblegen and Agilent oligonucleotide arrays) and more
recently, multiplex PCR amplification-based methods (Raindance)’. Moreover, we
pioneered the combination of preparative chromosome sorting and NGS for muta-
tion detection in X-linked and autosomal recessive disorders®. With substantial
bioinformatics support from the Department of Computational Molecular Biol-
ogy (head: Martin Vingron), these methods were successfully employed for muta-
tion screening in defined genomic intervals, coding sequences and even in entire
chromosomes. Together, they have become a valuable asset for gene finding, and
ongoing efforts to generate a pipeline for the analysis of high-throughput sequenc-

2 See News Feature, Nature 461:459, 2009.

*Ropers, Frankfurter Allgemeine Zeitung, 26.01.2001; Ropers, Am J Hum Genet 81:199, 2007;
Ropers, OrphaNews, Dec.24th, 2008, http://www.orpha.net/actor/EuropaNews/2008/081224 . html.

“For more details, see also Research Report 2006.

SHu, Chen, Kalscheuer, Ropers et al, in preparation; see also report of Ullmann and Chen.

¢See reports of Kalscheuer and Kuss.
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ing data (S. Haas et al, Dept. Vingron) promise to overcome the residual limita-
tions of this approach.

Identification of gene defects and genetic risk factors for MR and
related disorders

Various complementary strategies were employed to map and identify genetic
defects that underlie, or predispose to, mental retardation or related disorders, as
outlined in the previous report. Given the many apparently relevant microdeletions
and duplications observed in mental retardation, we extended the search for copy
number variants (CNVs) to patients with autism, schizophrenia, attention deficit/
hyperactivity disorder (ADHD) and several other complex diseases. Reasoning
that these CNVs would only be relevant for diagnosis and prognosis if found in at
least 1% of these patients, and in view of our budgetary constraints, cohort sizes
were mostly limited to 100 well-characterized patients.

Among a wide variety of pathogenetically relevant CNVs, we identified a dupli-
cation on chromosome 16p13.1 as a risk factor for autism, and the reciprocal dele-
tion in several patients with MR”. Follow-up studies® have shown that the del16p13.1
is one of the most common risk factors for MR known to date, and that it also
predisposes for epilepsy’. Recently, other groups!® found that the dupl6p13.1 is
also arisk factor for schizophrenia. Previously, other CNVs identified in our schizo-
phrenia cohort had been implicated in autism. These observations point to patho-
genetic links between MR, autism and schizophrenia, indicate that all three disor-
ders are highly heterogeneous and have strengthened our belief that large-scale
gene finding will eventually lead to the identification of novel regulatory path-
ways!'!

To speed up fine-mapping of breakpoints and gene finding in patients with dis-
ease-associated balanced chromosome rearrangements (DBCRs), we have com-
bined preparative sorting and next generation sequencing of derivative chromo-
somes from mentally retarded patients. In this way, we have identified several
additional candidate genes for MR'2. As pointed out by the reviewers of this ar-
ticle, this was the first application of NGS for finding novel disease genes. More
recently, we have shown that genomic paired-read sequencing is sufficiently accu-
rate for breakpoint mapping, i.e. that prior chromosome sorting is not necessary'>.

According to current estimates'4, approximately 10 percent of all genetic forms of
MR are X-linked. To date (October 2009), about 90 genes have been implicated in
X-linked MR (XLMR), and mutations in one third of these have been reported in
patients with non-syndromic forms of XLMR, with major contributions from our
group and from other members of the European MRX Consortium. In 2006, when
the Sanger-Wellcome Institute (Hinxton, UK) obtained funds for sequencing all
X-chromosomal genes in 200 XLMR families, it was widely believed that this
would lead to the identification of most missing XLMR genes, but in the course of
this project, no more than 10 additional genes were found. Moreover, to confirm
the status of candidate genes showing mutations in a single family, several hun-

7Ullmann et al, Hum Mutat 28.7 :674-682, 2007.

8 Mefford et al, Genome Res 19:1579-1585, 2009.

°de Kovel et al, Brain 2009 online, doi:10.1093/brain/awp262.

10Ingason et al, Mol Psychiatry, Sept. 29", 2009 [Epub ahead of print]; Ikeda et al, Biol Psychiatry
Oct 30™, 2009 [Epub ahead of print].

"For details, see report Ullmann.

12 Chen et al, Genome Research 18.7:1143-9, 2008.

13 Chen et al, Eur J Hum Genet 2009, in press; for more details concerning DBCRs, see reports of
Kalscheuer and Chen.

4Ropers & Hamel, Nature Rev Genet 6:46-57, 2005.
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dred additional families had to be tested, which is why the Euro MRX Consortium
was invited to join in before the results of this study were published!. In our
opinion, the relatively meagre results of this study are primarily due to the incom-
plete coverage of coding regions on the X chromosome, which is due to the fact
that only slightly more than 700 genes were screened for mutations, and on aver-
age, only 65 percent of the exonic nucleotides were screened. Moreover, this study
focused on the detection of protein-truncating mutations, whereas about half of
the intragenic sequence variants were non-polymorphic missense changes, and
sequence variants outside exons and splice sites were not studied at all. Finally,
many of the families studied were small, including also kindreds with only two
affected males, where X-linkage is possible but not proven. This has encouraged
us to embark on an even more ambitious project aiming to identify all sequence
variants in the non-repetitive portion of the X-chromosome in >200 Consortium
families with proven X-linked inheritance. For this project, which started in 2009
and is just reaching its production phase, we combine exon enrichment and chro-
mosome sorting with state-of-the-art NGS'®.

Autosomal recessive MR (ARMR) has been largely disregarded in the past, prob-
ably because in Western populations, it is rarely familiar and often overlooked'’.
When we and our Iranian colleagues published the results of homozygosity map-
ping in the first 78 consanguineous ARMR families'®, we did not find any overlap-
ping linkage intervals and concluded that this disorder must be extremely hetero-
geneous. In the meantime, we have studied more than 200 additional families, and
this enabled us to identify several families with overlapping linkage intervals as
well as several novel ARMR genes. In several of these, two or even three allelic
mutations have been found. These observations appear to refute our earlier state-
ments concerning the extreme heterogeneity of ARMR and argue for the existence
of genes that are mutated in several percent of the patients, at least in Iran'. More-
over, at least two of these candidate genes seem to directly interact, thereby estab-
lishing the first step of a novel MR pathway?.

From now on, novel genomic enrichment and NGS techniques will greatly accel-
erate these studies, and already today, the recruitment and clinical characteriza-
tion of patients and families has become the most important rate-limiting factor
(see also report Tzschach). Due to our long-standing international partnerships,
we are very well positioned in this field. In 2007, we have initiated the MR-NET
(co-ordinator A. Reis, Erlangen), which is part of the German National Genome
Research Network (NGFNp/us) and forms a new platform for recruiting German
patients and families. Apart from the large and still growing number of XLMR
families recruited by the EuroMRX Consortium, numerous additional families
with XLMR have been identified in Iran®' while recruiting familial cases for ARMR
studies, and in collaboration with S. Mundlos (MPIMG and Charité Berlin), spo-
radic patients with MR are being recruited for CNV screening in the context of the
MR-NET. So far, our Iranian partner has collected more than 500 consanguineous
families with two or more mentally retarded children. In the majority of these, MR

15 Tarpey et al, Nature Genetics 41.5:535-43, 2009.

16 See also reports of Chen and Kalscheuer.

17 See Ropers, Current Opinion in Genetics & Development 16(3):260-269 (2006); id., Am J Hum
Genet 81.2:199-207,2007; id., Current Opinion in Genetics & development 18:241-250, 2008..

18 Najmabadi et al, Hum Genet 121:43-48, 2007.

19 See report Kuss.

% Moheb, Kuss, Tzschach, Kahrizi, Najmabadi and Ropers, unpublished.

21 Pouya et al, Eur J Med Genet 52:170-3, 2009.
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should be due to autosomal recessive gene defects, and to our knowledge, this is
by far the largest cohort of its kind.

Functional studies

During the past few years, the functional expertise available in various groups of
our department has been a valuable asset for our research into MR and related
disorders, as documented by numerous publications that are co-authored by sev-
eral group leaders. Still, as predicted in the previous report, research into the
function of disease genes can never keep track with their identification, and given
the wide range of mechanisms leading to MR, the methodological infrastructure
required for such studies will always be a problem.

A possible solution is to focus on the function of specific MR genes (such as
PQBPI1, CDKL5, ARHGEF9 and DYRK1A)* or pathways (e.g., the serotonin
metabolism which has been implicated previously in behavioural disorders)*. Other
groups deal with chromosome dynamics in mitosis and meiosis*, mechanisms of
pain sensitization and perception involving the brain*® and chromatin modifica-
tion, another important mechanism in MR?¢. The work of S. Schweiger is excep-
tional in that her previous investigation of a monogenic malformation syndrome
has paved the way for ongoing research into drug therapies for cancer, Alzheimer
and Huntington disease?”.

As a fast and (almost) general approach to shed more light on the function of novel
MR genes, we have joined forces with Matthias Mann (MPIB, Martinsried) and
Antony Hyman (MPICBG, Dresden), who have embarked on a large-scale project
to study the interaction of all human proteins. This approach entails the transfec-
tion of BAC clones carrying GFP-tagged genes into HeLa and mouse ES cells,
followed by GFP-mediated isolation and mass spectrometry of the relevant pro-
tein complexes?®. In parallel, functional analyses of individual genes and proteins
will be performed through collaboration with specialized groups.

Outlook

There is now increasing empirical and theoretical support for the notion that large
scale identification of MR genes is a viable option for shedding light on their
function, as mentioned above®: the more genes will be identified, the more likely
it is that they will form functional clusters or pathways, and this will be a major
asset for understanding their role in the brain and in the pathogenesis of MR.
Therefore, and in view of the gradually diminishing resources of our department,
which will be closed in Fall 2014, we will increasingly focus on the molecular
elucidation of MR and related disorders, as a basis for reliable diagnosis, preven-
tion and eventually, therapy. As of 2011, support from the EU and other sources
will partially compensate the gradual loss of structural funding, and various possi-
bilities are being explored to continue this research elsewhere if it is still competi-
tive in 2014.

22 See report Kalscheuer.

2 See report Walther.

?* See report Scherthan.

2 See report Hucho.

26 See report Ullmann.

7 See report Schweiger.

% See also report Kuss.

¥ See also Outlook, Research Report 2006.

Research Report 2009

141



Dept. of Human
Molecular Genetics

Signal Transduction in Pain and Mental

Retardation
(Established: 09/2005)

Scientists
Jorg Isensee™ (since 09)

PhD students
Julia Kuhn* (since 06)
Christine Andres (since 08)

Head Juliane Schreier* (since 09)
Dr. Tim Hucho (since 09/05) René Buschow (since 09)
Phone: +49 (0)30 8413-1243
Fax:  +49 (0)30 8413-1383 Technicians

1 42 Email: hucho@molgen.mpg.de Vanessa Suckow (since 05)
Introduction

The clinical approach to pain therapy is still driven by the pain concurrent symp-
tomatic diseases such as Herpes zoster infection, diabetis and/or surgical interven-
tion. The attempted leap to a mechanism based therapy by the BMBF funded
“Deutsche Forschergruppe Neuropathischer Schmerz” has failed so far in the face
of remaining confusion about the underlying molecular mechanisms. This is par-
tially due to a very limited understanding of the intracellular signalling network
responsible for peripheral sensitization, as past research has mostly focussed on
the large numbers of extracellular mediators and ion channels involved in various
pain states. Signalling has been rather inaccessible for research as no cell line
system is established and because the sensory neurons are of a puzzling and ill
defined heterogeneity.

Results since 2006

We established and since employ successfully a culture system of primary sensory
neurons to study endogenous signalling underlying sensitization. Central to our
research is the translocation of one protein kinase C isoform, PKCe, to the plasma
membrane in the course of its activation. Based on our studies giving prove of
principle for GPCRa-s/cAMP/Epac/PKCe crosstalk occurring only in a subpopu-
lation of sensory neurons, we extended our knowledge about intracellular signal-
ling events correlating with pain sensitization. Finishing a protein array approach,
we identified 35 novel PKCe-substrate candidates. These results indicated a novel
cellular organelle, the stress granule, to be centrally regulated by PKCe and thereby
introduced a novel aspect to cellular pain sensitization beyond ion channel regula-

* externally funded
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tion. Molecular and cellular details are under investigation, which we pursue in
collaboration and technical exchange with Sylvia Krobitsch within the institute.
In house collaboration on in vitro translation experiments will be established with
Knud Nierhaus, and expression clones are shared with Zoltan Konthur.

In parallel, we investigated the action of PKCe signalling on a known phosphory-
lation target, the capsaicin receptor TRPV1. We describe for the first time that a
TRPV ion channel can have a functionality beyond its ion channel properties. We
describe PKCe phosphorylation to alter the direct biochemical interaction of TRPV1
with the ends of microtubules, which thereby get released to transfer the sensitiz-
ing signal to a nearby effector complex. These data are the very first to describe an
ion channel cytoplasmic domain to be a mere signalling intermediate, and show
on a cellular level that sensitization signalling results in cytoskeleton rearrange-
ments (manuscript to be submitted by end of 2009).

Beyond the effect of sensitization signalling pathways on microtubules ina TRPV 1-
dependent manner, we also found TRPV1-dependent changes of the acting cy-
toskeleton. In addition, we found TRPV1-dependent actin reorganization and
lamelipodia to filopodia transgression. The ramifications of these observations are
presently under investigation.

Beyond the identification of novel cellular mechanisms of PKCe sensitization sig-
nalling we investigated if and how the peripheral sensory neuron integrates mul-
tiple sensitizing stimuli. Surprisingly we found, that the signalling outcome is less
dependent on the input signal but rather on the signalling history of the cell. The
signalling history was memorized for over 20 hours and resulted in inversion of
the signaling outcome of successive stimuli. Thus, in primary cell cultures, single
fibre electrophysiological recordings, animal behaviour as well as human behavioural
studies the successive “sensitization” attempt resulted not in sensitization, but in
complete erasure of already established sensitization. This opens a completely
novel approach to therapeutical intervention. It is also the very first indication that
the activation of endogenous signalling pathways can lead to memory deletion
(manuscript currently under revision at PNAS).

The number of pain-inhibitory sub-
stances is very limited. We introduced
two novel substances to the pain field:
estrogen and EGF. We provided evidence
for a first biological functionality for the
novel estrogen receptor GPR30 in vitro
as well as in vivo. This also gave a first
rational for the second most common side
effect, namely pain, in the course of
breast cancer therapy with Fulvestrant,
a now known GPR30 agonist (Kuhn et
al. 2008).

EGF plays an important role during tis-
sue regeneration after e.g. painfull me-
chanical tissue disruption. Establishing a quantitative single cell based immun-
fluorescence technique, we found different activation kinetics for the MAPK ERK1/2
if activated through EGF versus NGF exposure. Accordingly in behavioural ex-
periments we did not find EGF to induce pain sensitization but to inhibit PGE2
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induced sensitization. Indeed, increased pain sensitivity has been reported in clinical
trials of cancer related EGFR-blocking therapy. This is the first investigation of the
importance of signaling kinetics for pain sensitization (manuscript in preparation).

Being embedded into the Department of Human Molecular Genetics, we have
been instrumental in the investigation of a mutation found to cause mental retarda-
tion. We described the mutation to result in a loss of function of the glutamate
receptor Grik2, thereby giving the first evidence, that indeed glutamate receptors
are in humans involved in higher brain functions (Motazacker et al. 2007).

Further, in collaboration with Andreas Kuss and Eckehard Friedel, we collected
blood of fibromyalgia patients to identify in a first level of investigation expres-
sion markers for better categorization of this widespread phenotype with partial
genetic background (prevalence about 5% of the European population). The un-
derlying mutations have so far not been described, something we attribute first of
all to the lack of a clear diagnostic marker. The study is ongoing.

Finally, we are involved in the functional analysis of a balanced chromosomal
translocation that had been identified by Vera Kalscheur in the department to un-
derlie mental retardation. The breakpoint was mapped to be close to the ion chan-
nel TRPV1. TRPV1 had so far mostly been investigated in the context of pain. We
now identified TRPV1 to be a synaptic protein, to modulate strongly endo- as well
as exocytosis, and to be an important regulator of dendritic spine like protrusions.
Thereby we provided a first rational for the observed severe mental retardation
phenotype (manuscript under revision at JCS).

We expanded our technical methodological abilites in the laboratory to viral tech-
niques (lenti as well as adeno viruses), to life cell imaging (Calcium imaging as
well as life observation of morphological changes), and to high content quantita-
tive single cell microscopy. This allowed us to extend the focus of our work from
PKCe to ERK as well as calcium and will facilitate further increase in the number
of signaling components under investigation. Further techniques like behavioural
experiments and single cell PCR are planned. [ am proud to have been instrumen-
tal in formation of a BMBF consortium (including Harald Seitz at the MPIMG)
around our attempt to identify intracellular signalling modules underlying pain
sensitization. In that consortium, which [ am coordinating, system biological ap-
proaches are initiated.
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Scientific overview

The Chromosome Rearrangements and Disease Group focuses on the genetic causes
of human disorders of the brain, and on the pathogenetic mechanisms underlying
known gene mutations.

For finding novel disease genes we apply three complementary approaches. One
of these is to map the chromosome breakpoints of patients with a disease-associ-
ated balanced chromosome rearrangement. This endeavour was very successful
and has resulted in the identification of numerous novel disease genes, both on the
X chromosome and on autosomes. To expedite the process of translocation break-
point mapping we use ultrahigh resolution oligonucleotide arrays and flow sorting
of derivative chromosomes (in collaboration with R. Ullmann). For determining
inversion breakpoints more rapidly and efficiently we use next generation sequenc-
ing (in collaboration with W. Chen). Recently, we have also embarked on system-
atic mutation screening in families with X-linked mental retardation (MR), em-
ploying next generation sequencing strategies (in collaboration with W. Chen).
The third approach is to screen novel candidate genes, identified through estab-
lishing the protein-protein interaction network for known MR proteins, in patients
with the corresponding clinical phenotype.

As a small side project we have continued our search for novel pathogenic muta-
tions in patients with Noonan Syndrome or Noonan Syndrome-like phenotype.
In addition to mutation search, functional studies aiming to understand the pathol-
ogy of known gene mutations include deciphering the molecular networks and
protein complexes involving the “disease proteins”. These studies yielded new
insights into the underlying molecular mechanisms, promise to reveal new disease
genes and modifiers, and eventually might lead to potential therapeutic targets.

* externally funded
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One recent example of successful novel disease gene finding by chromosome
breakpoint mapping is DYRK 1A, which lies on chromosome 21, within both the
Down syndrome critical region and in the minimal region for partial monosomy
21. DYRKIA encodes a highly conserved dual-specificity tyrosine phosphoryla-
tion-regulated kinase. We have found that truncations of DYRKIA caused a clini-
cal phenotype comprising prenatal onset of microcephaly, intrauterine growth re-
tardation, feeding problems, developmental delay, and febrile seizures/epilepsy in
two unrelated patients who both carried a de novo balanced translocation (Mgller
et al., Am J Hum Genet. 2008). Our results highlight the importance of a correct
gene dosage of DYRK 1A for normal brain development and strongly suggest that
in humans the dosage of the associated kinase needs to be very tightly regulated.
Also recently, fine mapping of the X-chromosome breakpoint in a female patient
presenting with a disturbed sleep-wake cycle, late-onset epileptic seizures, increased
anxiety, aggressive behavior, and mental retardation indicated disruption of the
collybistin gene (ARHGEF9). Expression of truncated collybistin proteins in cul-
tured neurons interfered with synaptic localization of endogenous gephyrin and
GABA(A) receptors. These results suggest that collybistin has a key role in mem-
brane trafficking of gephyrin and selected GABA(A) receptor subtypes involved
in epilepsy, anxiety, aggression, insomnia, and learning and memory (Kalscheuer
et al., Hum Mut. 2009).

Using the same approach, we have

found that truncations of the cyclin-de-

pendent kinase-like 5 (CDKLJ) gene are

a significant cause of infantile spasms

and early epileptic seizures in female

patients (Kalscheuer et al., Am J Hum

Genet. 2003, Cérdova-Fletes et al., Clin

Genet. 2009) and of an intractable sei-

zure disorder, called atypical Rett syn-

drome (Tao et al., Am J Hum Genet.

2004 and unpublished results). In the

meanwhile the link between atypical

Rett syndrome and a mutation in

CDKLS5 has been confirmed by several

other groups. Likewise, we have shown

that truncation of the Netrin GI gene

caused a highly similar clinical pheno-

type in a patient with a balanced trans-

location involving chromosomes 1 and

7 (Borg et al., Eur ] Hum Genet. 2005).

Along the same lines, our studies indicated that a de novo balanced chromosome
rearrangement truncated the FOXGI gene (Shoichet et al., Hum Genet 2005). More
recently, several other groups have confirmed that mutations in FOXGI cause
atypical Rett syndrome.

To date, the functional role of CDKLS is far from being understood and only two
interaction partners have been discussed in the literature: the methyl CpG binding
protein 2 (MeCP2) and the DNA methyltransferasel (DNMT1). Mutations in
MECP?2 are the major cause of typical Rett syndrome and CDKLS5 has been pro-
posed to regulate MeCP2 function in the nucleus. To gain more insights into the
functions of the CDKLS5 complex in the normal and diseased brain, we have
searched for CDKLS interaction partners and have investigated protein products
that could act in the same signalling pathway. Interestingly, the majority of the
newly identified components of the CDKLS5 complex are associated with constitu-
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ents of the cytoskeleton and have an established role in vesicle trafficking and
protein turnover, respectively. Our findings suggest that CDKLS is part of a pro-
tein network, which is involved in creating and regulating cell-cell contacts and
may act as an upstream effector of MeCP2 (Rademacher and Kalscheuer, unpub-
lished results).
In addition, we have found that mutations in
the X-linked polyglutamine binding protein 1
(POBPI) gene cause mental retardation, mi-
crocephaly, short stature and other midline
defects with variation in severity of the phe-
notypes, both within and between families
(Kalscheuer et al., Nat Genet 2003; Cossee et
al., Eur J] Hum Genet 2006). The pathogenic
nature of all but one mutations in the POBP1
gene is a premature termination codon (PTC)
and we have evaluated the consequences on
mRNA and protein expression. We could show
that in the patients all frameshift mutations
result in the production of a truncated PQBP1
protein (Musante et al., Hum Mutat 2009).
Therefore, it is highly likely that the clinical
phenotype is caused by the loss of wild-type PQBP1-associated functions and the
presence of defect PQBP1 protein. RT-PCRs revealed mutation-specific reduction
of POBPI mRNAs carrying the PTCs that can be partially restored by blocking
translation, thus indicating a role for the nonsense-mediated mRNA decay path-
way. In addition, these mutations resulted in altered levels of POBPI transcripts
which skipped exon 4 probably as a result of affecting important splicing motifs.
This hypothesis is supported by transfection experiments using wild-type and
mutant POBPI minigenes. These studies provide significant insight into the early
events contributing to the pathogenesis of the POBPI related XLMR disease. To
get more insight into the possible functions of PQBP1, we have established a
PQBPI interaction network. Interestingly, our results suggest that PQBP1 might
have diverse roles in gene or chromatin regulation and RNA metabolism, e.g.
binding partners might play a role in transcription regulation, alternative splicing
and mRNA stability/transport, particularly in the brain (Musante, Kunde,
Kalscheuer, unpublished results). These findings support the hypothesis that PQBP1
protein scaffolds a variety of distinct multiprotein complexes in vivo. The role of
normal and mutant PQBP1 in these processes is under study.
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Scientific overview

X-linked forms of mental retardation (XLMR)

As member of the European MRX Consortium, our department has made impor-
tant contributions to the elucidation of X-linked mental retardation (XLMR, for
review see e.g. Gecz et al. 2009, Trends Genet 25:308; Ropers 2008, Curr Opin
Genet Dev 18:241; Ropers 2006, Curr Opin Genet Dev 16:260) including the
discovery that mutations in the histone demethylase KDM5C (JARID1C) gene are
a frequent cause of XLMR [Jensen et al. 2005, Am J Hum Genet 76:227; Tzschach
et al. 2006, Hum Mutat 27:389] or the identification of several mutations in the
methyl transferase F7SJ1 [Freude et al. 2004, Am J Hum Genet 75:305]. Both
genes also feature prominently among the recent research activities of our group
concerning functional aspects of MR genes. In this context, we have been able to
describe a distinct gene expression fingerprint in lymphoblastoid cell lines as well
as whole blood from male patients with mutations in KDM5C [Jensen et al.,
Pathogenetics 2009 (accepted)].

Using a murine embryonic stem cell line (RRD143, Baygenomics) with a genetrap
in Ftsjl, for injection in C57BL/6 blastocysts we have produced mice lacking
functional Ftsj/ (collaboration with Diego Walther), and are presently investigat-
ing the effects of Ftsj/ deficiency in this model.

'Supervised by S. Sigrist, FU Berlin
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Furthermore, we have designed a resequencing array based on the Affymetrix
50K platform containing the coding and splice site regions of 17 XLMR genes
(ACSL4, ARX, ATRX, DLG3, FTSJ1, GDII, ILIRAPLI, JARIDIC, MECP2,
NLGN4, PAK3, PHF6, PHF8, POBP1, SLC6AS8, TM4SF2 and ZNF41) in order to
investigate the genetic basis of MR in unrelated sporadic male NS-MR patients
from the cohort of the EURO-MRX consortium. Application of this array to DNA
from 135 patients led to the identification of 6 previously unknown putative dis-
ease causing mutations in these genes.

Autosomal recessive forms of mental retardation (ARMR)
Most of our activities are focussed on the molecular causes of ARMR which is
thought to be much more common than XLMR (see e.g. Ropers 2008, Curr Opin
Genet Dev 18:241). However, until recently only three genes for non-syndromic
ARMR (NS-ARMR) were known: PRSS12 (neurotrypsin) [Molinari et al. 2002,
Science 298:1779], CRBN (cereblon) [Higgins et al. 2004, Neurology 63:1927]
and CC2D1A4 [Basel-Vanagaite et al. 2006, ] Med Genet 43:203] due to insuffi-
cient family sizes and lack of consanguinity in western societies, which preclude
successful mapping and identification of candidate loci. We have therefore joined
forces with Prof. Dr. H. Najmabadi for a large-scale project, aiming at the system-
atic identification of genes that have a
role in ARMR (see also Research Re-
port 2006). Since the beginning of our
collaboration in 2004 we have accumu-
lated more than 200 families with NS-
ARMR as well as many families with
microcephaly and more than 10 with
other syndromic forms of ARMR. Auto-
zygosity mapping, based on whole ge-
nome SNP genotyping with various
platforms in the majority of these fami-
lies has so far enabled us to define 40
novel ARMR loci (Fig.1). For 10 of
these we could identify the underlying
gene defect.
The first mutation we found was a deletion of approximately 150 to 200 kb, en-
compassing the promoter and the first 6 exons of the MCPH1 gene [Garshasbi et
al. 2006, Hum Genet 118:708]. We then identified a complex mutation affecting
the kainate receptor subunit encoding gene GRIK2 [Motazacker et al. 2007, Am J
Hum Genet 81:792] and a ¢.1342C>T nucleotide substitution, which leads to a
premature stop codon in exon 10 of VLDLR, a gene encoding a member of the
low-density lipoprotein receptor (LDLR) superfamily [Moheb et al. 2008, Eur J
Hum Genet 16:270]. This was followed by the discovery of a deletion in the TUSC3
gene [Garshasbi et al. 2008, Am J Hum Genet 82:1158] which is thought to en-
code a subunit of the oligosaccharyl transferase complex that is involved in the
key step of N-glycosylation.
The fifth mutation we found in a family with two branches and four female pa-
tients suffering from MR and oligomenorrhea. Here, a sequence change in the
BOD1 gene [Esmaeeli-Nieh et al., presented at the annual ASHG conference,
Hawai, USA, Oct 2009] leads to the loss of all isoforms of the gene product, a
kinetochore protein that is involved in spindle attachment and mitotic chromo-
some segregation [Porter et al. 2007, J Cell Biol 179:187].
Furthermore, a stop mutation (R154X) was identified in the poly-A binding zinc
finger protein gene ZC3H14 in a family with three affected individuals with NS-
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ARMR. ZC3H14 and its yeast ortholog NAB are thought to be important regula-
tors of translation [Leung et al. 2009, Gene 439:71] and the functional impact of
the stop mutation is being investigated (collaboration with A. Corbett).
Previously we had reported that ARMR is extremely heterogeneous and that com-
mon causes are unlikely to exist [Najmabadi et al. 2007, Hum Genet 121:43].
After having performed homozygosity mapping in many additional consanguine-
ous families, this statement might need qualification. Recently we have identified
several ARMR genes carrying mutations in more than one family (Fig.1).

The first two of these genes are ZNF526 [Abbasi Moheb et al., presented at the
Annual ASHG conference, Hawai, USA, Oct 2009], where two different muta-
tions occurred in three different families and NSUN2 with three different muta-
tions in independent families. The ZNF526 protein has nucleic acid binding prop-
erties, and whole genome expression profiling in immortalized lymphoblasts from
homozygous mutation carriers has enabled us to identify putative target genes
may give a clue to the etiology of MR in these patients. In addition, we are per-
forming chromatin immune precipitation experiments followed by next genera-
tion sequencing (ChIP-SEQ) to confirm these findings and to identify the DNA
targets of the ZNF526 protein.

For ZNF526, NSUN2, BOD1 and an additional selection of >90 MR proteins we
are currently performing a large-scale search for interaction partners by a system-
atic screen of the protein interactome (collaboration with A. Hyman, MPI-CBG,
Dresden and M. Mann, MPI-BC, Munich). In these experiments, BACs contain-
ing the GFP-labelled murine orthologs of the genes are introduced into HeLa cells.
The anti-GFP antibody is then used for pull-down assays followed by mass spec-
trometry. Functional follow-up studies will be performed in our group.

For the identification of novel MR causing mutations in large homozygous inter-
vals we are currently applying genomic enrichment followed by next generation
sequencing (collaboration with W. Chen and H. Hu). This has enabled us to iden-
tify apparently pathogenic allelic missense mutations in two families with over-
lapping linkage intervals on the short arm of chromosome 1 [Najmabadi et al.,
presented at the 14th X-linked mental retardation workshop, Bahia, Brazil, 2009]
affecting the ST3GAL3 gene. The protein encoded by ST3GAL3 is a type Il mem-
brane protein that catalyzes the transfer of sialic acid from CMP-sialic acid to
galactose-containing substrates. Functional investigations are in progress to verify
the pathogenicity of these mutations. We expect that this strategy, which also en-
abled us to identify a plausible novel candidate gene on chromosome 6, will revo-
lutionize the search for novel ARMR genes.

Other mendelian disorders

In a consanguineous Polish family with two patients suffering from Cranioecto-
dermal Dysplasia (CED), a rare disorder characterized by craniofacial, skeletal,
and ectodermal abnormalities, homozygosity mapping revealed a disease related
locus on chromosome 3q21-q24. In the linkage interval from this family we iden-
tified a homozygous missense mutation in the IFT122 gene. As a component of
the intraflagellar transport complex A, the IFT122 protein plays an important role
in the assembly and maintenance of eukaryotic cilia and flagella [Pedersen &
Rosenbaum 2008, Curr Top Dev Biol 85:23]. Sequencing of this gene in addi-
tional CED patients led to the identification of two further missense changes and a
splicing mutation. Functional studies in patient fibroblasts as well as knockdown
experiments in Zebrafish provide compelling evidence for the pathogenicity of
these mutations and show that CED is a ciliopathy.
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Scientific overview

The main objective of the “Clinical Genetics” group is the recruitment, evaluation
and clinical characterization of patients and families for the various research groups
of the “Human Molecular Genetics” department. Access to suitable families and
individual patients is crucial for human genetic research that aims at elucidating
novel disease genes. Although mental retardation (MR) — the focus of this depart-
ment’s interest - is not a particularly rare condition (it has a prevalence of approxi-
mately 1-2%), only a small subset of these patients qualify as starting points for
promising investigations. Generally, this concerns either familial forms of MR in
which linkage analysis can be performed, or carriers of chromosome aberrations.

Autosomal recessive mental retardation

In a large collaboration with the Genetic Research Centre in Tehran/Iran (Prof.
Hossein Najmabadi) we are being provided with DNA, blood samples and clinical
information of consanguineous families with multiple mentally retarded children.
The “Familial Cognitive Disorders” group (AW Kuss) performs homozygosity
mapping in these families. The majority of the patients from Iran suffer from un-
specific (non-syndromic) mental retardation, but several families also have addi-
tional clinical problems. Many of these syndromes are apparently novel and do
not resemble other published MR syndromes (e.g. Kahrizi et al., Eur J Hum Genet.
2009 Jan;17(1):125-8.; Tzschach et al., Br J Dermatol. 2008 Sep;159(3):748-51.).
Apart from the clinical evaluation (frequently including proposals for specific in-
vestigations such as MRI scans, ophthalmologic examinations and others), we
screen the regions of homozygosity for promising functional candidate genes ac-
cording to morphological similarity or (putative) functional links to other syn-
dromes based on several databases.

In a collaborative project with Dr. A. Rajab (Muscat, Oman), we obtained access
to several consanguineous families with syndromic forms of MR. The spectrum of
disorders included a form of albinism, ectodermal dysplasia, a muscle disorder
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and a large family with MR and epilepsy. We also received material from families
with syndromic forms of mental retardation from our partners in Poznan/Poland
(Prof A Latos-Bielenska).

X-linked mental retardation

The elucidation of novel genes involved in X-linked mental retardation (XLMR)
continues to be a major research focus of our department. Our group recruits fami-
lies with putative X-linked MR by collaboration with clinical geneticists in Ger-
many and abroad (e.g. Tzschach et al Hum Mutat. 2006 Apr;27(4):389., Budny et
al Hum Genet. 2006 Sep;120(2):171-8.). We also keep clinical data of formerly
submitted families updated and communicate the results of mutation analysis to
the respective physicians or families. Apart from families with non-syndromic
XLMR, we also investigate families with syndromic XLMR. Linkage analysis
and mutation analysis in these families is being performed in the “Familial Cogni-
tive Disorders” group (AW Kuss).

Disease associated chromosome aberrations

Breakpoint analysis of disease-associated balanced chromosome rearrangements
combining array CGH (R. Ullmann’s group), FISH and recently also next-genera-
tion sequencing techniques (V. Kalscheuer’s and W. Chen’s groups) is a fast and
efficient strategy to identify novel disease-causing genes (e.g. Chen et al Genome
Res. 2008 Jul;18(7):1143-9.; Kalscheuer et al Hum Mutat. 2009 Jan;30(1):61-8.).
Comprehensive clinical characterisation is a prerequisite for the selection of pa-
tients suitable for analysis. The identification of a disrupted gene or genes at the
breakpoints often raises new questions concerning specific phenotypic details.
The “Clinical Genetics” group obtains these data through collaboration with refer-
ring doctors or by contacting the patients or their families.

Our group recruits additional patients with de novo disease associated balanced
chromosome rearrangements by maintaining and extending a network of clinical
geneticists and other specialists.

Unbalanced chromosome aberrations

Both large, cytogenetically visible unbalanced chromosome aberrations and small,
submicroscopic aberrations which are only detectable by array CGH (R. Ullmann’s
group) are an important cause of congenital malformations and mental retarda-
tion, and they can point to single genes responsible for a specific phenotype. Our
group characterises such patients clinically and aims to establish genotype-pheno-
type correlations (e.g. Tzschach et al, Eur J Hum Genet 2009 (in press)). Our
department is a member of the “German Mental Retardation Network (MRNet)”
which performs array CGH analysis in a large patient cohort.

Cell culture facility

We establish permanent cell lines from peripheral blood lymphocytes by EBV
transformation after obtaining informed consent from patients in whom molecular
cytogenetic or molecular genetic investigations are planned. Our cell culture lab
performs EBV transformation, stores the cell lines and provides ready-to-use DNA,
RNA or metaphase chromosome spreads for FISH investigations to the respective
research groups.

Genetic counselling

Andreas Tzschach, who is a board-certified clinical geneticist (“Facharzt fiir Hu-
mangenetik”), offers genetic counselling at the Institute of Medical Genetics (di-
rector: Prof. S. Mundlos) of the Charité - Universititsmedizin Berlin, and he regu-
larly takes part in clinical genetics, dysmorphology and cytogenetics meetings.
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m  Hossein Najmabadi, Genetic Research Center, University of Social Welfare
and Rehabilitation Sciences, Tehran, Iran
m  Anna Rajab, MD, Genetic Unit, DGHA, Ministry of Health, Muscat, Sultan-

ate of Oman

Balanced chromosome rearrangements

m  Niels Tommerup, Wilhelm Johannsen Centre, Copenhagen, Denmark

X-linked mental retardation

#  EUROMRX consortium (Www.euromrx.com)

Mental retardation in Germany

m  German Mental Retardation Network (MRNet, www.german-mrnet.de)

We also collaborate with numerous clinical geneticists in Germany and abroad.
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External funding

BMBF, NGFN2, Identification of genetic
risk factors for complex disorders by study-
ing patients with associated balanced chro-

mosomal rearrangements. (Joint with V.
Kalscheuer, MPIMG).

Teaching activities

Seminar “Human Genetics” for medical stu-
dents, Humboldt University Berlin/ Charité-
Universitatsmedizin Berlin, Institute of
Medical Genetics (7 seminars of 90 min-
utes each term)

Co-organiser (together with HH Ropers)
and lecturer at an educational workshop
(“Genetik der geistigen Behinderung”) of
the “Akademie Humangenetik”, Wiirzburg,
27.-28.2.2009
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Scientific overview

Analysis of DNA copy number variants

The Molecular Cytogenetics Group was founded in 2004. The first goal of the
group was the creation of a high resolution BAC array platform enabling the ge-
nome wide identification of submicroscopic DNA copy number changes. We have
accomplished this task in early 2005. In the same year we have also published
CGHPRO, a program dedicated to the analysis and visualization of array CGH
data. The next years were dominated by our efforts to exploit this array platform in
the most efficient way. In cooperation with several partners from the clinics we set
out to investigate the impact of copy number variants (CNVs) on the aetiology of
various diseases. For most of the bigger screening projects we have invited guest
scientists from the partner institution to work in our laboratory in order to get
familiar with the array CGH methodology. In this way we have not only increased
the manpower in our laboratory, but at the same time accelerated the transfer of
this technology to the clinics. This strategy turned out to be very productive also
in terms of publications, leading to 57 articles since 2006 alone.

Several of our publications have questioned the current understanding of geno-
type-phenotype correlation. In one paper published in 2007, for example, we have
described a microdeletion/duplication of 16p13.1, which predisposes to mental
retardation and autism, respectively. In the meantime the relevance of both the
deletion and the duplication has been confirmed by independent groups. Actually,
as stated in one of these confirmatory reports, with a frequency of 1.1% in patients
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with MR, the 16p13 duplication appears to represent one of the most frequent
causes of intellectual disability. Meanwhile the 16p13 paper is cited also for an-
other reason. The duplication has turned out to be a paradigm for the genetic rela-
tionship of distinct diseases such as autism, mental retardation and schizophrenia.
Up to now four independent studies have linked the very same 16p13 duplication
also to schizophrenia.

The paper with the most citations within this year is our report on the first compre-
hensive screen of CNVs in patients with schizophrenia. In this study we have
implicated the mental retardation gene NRXN/ in the aetiology of schizophrenia
and revealed that a direct interaction partner of this gene, APBA2, was located in a
genomic region lost in another patient. Already one year after publication three
independent studies have replicated our findings. In addition the technical quality
of the underlying data set was evaluated favourably by an independent group of
bioinformaticians in an inter-platform comparison (LaFrambiose, 2009).

MRNET: a German wide initiative to investigate the genetic causes
of mental retardation

For many CNVs disease association has been established by identifying recurrent
aberrations in unrelated patients. In order to identify the less frequent and maybe
low penetrant pathogenic CNVs the number of patients to be investigated has to
increase considerably. To cope with this problem in MR research our group is
actively participating in a network called the MRNET. Aim of this German wide
initiative is to collaboratively analyse around 1200 patients with MR. Up to now
our group has already screened 185 patients in the course of this project and has
established a pipeline for the high throughput verification of CNVs based on cus-
tom designed oligonucleotide arrays. We have also develeoped the software for
filtering and displaying the data, which is used by all participants of this network.

Integrative analysis of genetic and epigenetic changes and their
consequences on gene expression

One goal of our current work is to gain more insights into the consequence of
DNA copy number changes by considering additional levels of information such
as data on gene expression or epigenetic modifications. For that purpose we have
established ChIP on Chip and MeDIP, two methods enabling the genome wide
analysis of histone modifications and DNA methylation, respectively. Yet, in con-
trast to others, we have not focused on transcription start sites and CpG Islands,
but instead studied epigenetic changes genome wide by means of our BAC array
platform. Our results indicate that, at least in tumor cell lines, the correlation of
moderate DNA copy number changes with gene expression is surprisingly low
and that only a few genes are regularly deregulated when comparing different
cases with the very same chromosomal change. Strikingly, according to our data
global hypomethylation leads to downregulation of gene expression. We have also
observed that regions sharing the same trend of chromatin modifications can ex-
tend to several megabases and are recurrent in many cell lines. Some of these
recurrent intervals overlap with regions involved in genomic disorders such as the
Williams Beuren syndrome. We are currently investigating this unexpected con-
nection in more detail. One aspect under study in this context is the dynamics of
large scale chromatin modifications during differentiation.

Collaborations within the Institute

The Molecular Cytogenetics group participates in the project “Balanced Chromo-
some Rearrangement and Disease”, which currently involves four groups of the
department. In this project we are responsible for the array based fine mapping of
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chromosomal breakpoints and the exclusion of CNVs elsewhere in the genome.
The high-throughput sequencing projects of the department are supported by our
group in two ways. Firstly, we perform CNV analysis in patients prior to sequenc-
ing and secondly, we are actively involved in the array-based sequence enrich-
ment for specific chromosomal intervals.

Outlook

In the recent years the commercial availability of DNA microarrays has promoted
the rapid introduction of array CGH into clinical routine. Consequently, the sys-
tematic search for CN'Vs is no longer confined to specialized research laboratories
and we are able to shift our focus from the mainly descriptive analysis of CNVs to
studies dedicated to an improved understanding of their phenotypic consequences.
We will continue our multi-dimensional analysis of genetic and epigenetic modi-
fications. However, given the growing competition in this field, we will refrain
from a purely descriptive genome-wide inventory of epigenetic marks. Instead we
will focus on specific aspects such as the dynamics of epigenetic modifications
during certain phases of differentiation.

General information

Selected publications Selected invited talks

Kirov G, Gumus D, Chen W, Norton N,
Georgieva L, Sari M, O’Donovan MC,
Erdogan F, Owen MJ, Ropers HH, Ullmann
R. Comparative genome hybridization sug-
gests a role for NRXNI and APBA2 in
schizophrenia. Hum Mol Genet. 2008 Feb
1;17(3):458-65.

Ullmann R, Turner G, Kirchhoff M, Chen
W, Tonge B, Rosenberg C, Field M, Vianna-
Morgante AM, Christie L, Krepischi-Santos
AC, Banna L, Brereton AV, Hill A, Bisgaard
AM, Miiller I, Hultschig C, Erdogan F,
Wieczorek G, Ropers HH. Array CGH iden-
tifies reciprocal 16p13.1 duplications and
deletions that predispose to autism and/or
mental retardation. Hum Mutat. 2007 Jul;
28(7):674-82.

Chen W, Erdogan F, Ropers HH, Lenzner
S, Ullmann R. CGHPRO — a comprehen-
sive data analysis tool for array CGH. BMC
Bioinformatics. 2005 Apr 5;6:85.

Array CGH in tumor cytogenetics. Tumor
Cytogenetics Meeting, Semmering, Austria
2005

The variable consequences of chromosomal
aberrations. Cytomics Symposium, Tokyo,
Japan; 11/2007

Technical aspects of array CGH. Modern
methods in cancer research; Vilnius,
Lithuania, 2008

Grant evaluation

R. Ullmann serves as referee for the fol-
lowing institutions/calls: Netherlands
Genomics Initiative, Horizon Breakthrough
project grant application 2008; Jubilee
Funds of the National Bank/ Austria, single
grant application 2008; GIS-Institute for
Rare Diseases in France, Rare diseases and
structural variation 2007.



Work as scientific referee

R. Ullmann serves as scientific referee for
the following journals: American Journal of
Human Genetics, American Journal of
Medical Genetics, Bioinformatics, BMC
Bioinformatics, BMC Genomics, European
Journal of Human Genetics, Gene, Human
Genetics, Human Molecular Genetics, Jour-
nal of Medical Genetics, Nature Protocols.

External funding

Jose Carreras Stiftung: Einsatz von Array-
CGH und anderer molekularzytogene-
tischer Techniken zum Nachweis kryptischer
genetischer Imbalancen und Transloka-
tionen bei akuten lymphatischen Leukdmien
(ALL) im Kindesalter, 2006-2009 (applica-
tion together with Prof. Dr. Karl Seeger,
Charite Berlin)

Teaching activities

Teaching at Universities
Molecular Cytogenetics in Tumor Biology,
University of Salzburg, Austria, 2005, 2006

Human Genetics for Bioinformaticians,
Freie Universitét Berlin, Germany (together
with Ropers, Schweiger, Kalscheuer), 2004,
2005, 2006

Molecular Biology and Genetics II, Freie
Universitit Berlin, Germany (together with
Ropers, Schweiger & Kalscheuer, Wittig,
Huber, Hinderlich, Klein, Peiser,
Dobrinski), 2007

Modern methods for the genome wide
analysis of genetic and epigenetic changes
in tumor biology and human genetics, Uni-
versity of Salzburg, Austria, 2008, 2009
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Summerschools/Courses

Principles of array CGH, International
Summer School in Functional Genomics,
Wilhelm Johannsen Centre for Functional
Genome Research, Copenhagen, Denmark,
2007, 2008

Principles of arrayCGH & DNA copy num-
ber variation, Postgraduate Course in Cy-
togenetics, Wilhelm Johannsen Centre for
Functional Genome Research, Copenhagen,
Denmark, 2007

How next generation sequencing can ben-
efit from molecular cytogenetic techniques,
course in integration of cytogenetics,
microarrays and massive sequencing in bio-
medical and clinical research, European
School  of  Genetic Medicine/
EuroMediterranean University Centre of
Ronzano. Bologna, Italy, 2008, 2009

The role of DNA copy number changes in
congenital disorders and tumorigenesis,
PhD program of the Max Planck Institute
for Molecular Genetics, 2008, 2009

Public relations

Up to now the Molecular Cytogenetics
group participated four times in the “Long
Night of Science”, which takes place once
ayear in Berlin. This year’s title of our pre-
sentation was: “What makes tumor cells so
dangerous?”
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Scientific overview

Our group is focused on the elucidation of molecular causes
of human diseases by the generation, analysis, and rescue
experiments of transgenic and knockout mouse models. The
use of transgenic mice is one of the most straightforward
tools to study gene function. Our facility offers the genera-
tion of transgenic and knockout mice to all groups in the
Department, the Max-Planck-Institute and other interested
laboratories. Our facility constituted in part the Central Fa-
cility for Animal Model Generation of the SFB577: “Mo-
lecular Basis of Clinical Variability in Mendelian Disorders”.
Currently we work on animals with defined genetic dysfunc-
tions in genes involved in mental retardation (e.g. Mcphl

and Ftsjl) and in monoaminergic systems (e.g. 7phl and Tph2) aiming the eluci-
dation of the numerous hormonal and neurotransmitter effects of serotonin (5-
HT), histamine (HA), and the catecholamines dopamine (DA) and norepinephrine
(NE). Furthermore, we closely cooperate with the Department of Computational
Molecular Biology in order to combine bioinformatics with experimental verifi-
cation of computational results.



The dichotomy of the serotonergic system

Nine low-molecular weight neurotransmitters have been identified in the central
nervous system of vertebrates and four of them are the above-mentioned evolu-
tionary ancient primary monoamines. 5-HT, one of these nine neurotransmitters,
is not only the messenger of some thousands of neurons [Science 299 (2003) 76;
Biochem. Pharmacol. 66 (2003) 1673], but an ubiquitous substance in peripheral
tissues and fluids, from which 5-HT was first isolated six decades ago identifying
it as the vasoconstrictor compound in serum, which appears in conjunction with
platelet degranulation [Cell 115 (2003) 851; Mol. Cell. Biochem., 295 (2007) 205].
Tryptophan hydroxylase (TPH) catalyzes the rate-limiting step in the biosynthesis
of 5-HT biasing the serotonergic system in its whole.

A dichotomy of the serotonergic system consisting of two 5-HT-synthesizing TPH
isoforms was recently characterized by us, using 7Tph gene-targeted (7phl-/-) mice.
TPHI1, the enzyme known for decades, is broadly expressed in non-neuronal tis-
sues and the novel TPH2 is almost restricted to neurons [Science 299 (2003) 76;
Biochem. Pharmacol. 66 (2003) 1673]. Thus, TPH2 catalyses the rate-limiting
step of 5-HT biosynthesis in the central nervous system [Science 299 (2003) 76;
Biochem. Pharmacol. 66 (2003) 1673]. The neurotransmitter 5-HT is involved in
multiple facets of mood control and the regulation of sleep, anxiety, alcoholism,
drug abuse, food intake, and sexual behaviour. For these reasons, we work on the
biochemical properties of TPH2 in order to understand the central nervous system
5-HT biosynthesis [J. Biol. Chem., 281 (2006) 28105; J. Neurochem. 2007 102
(2007) 1887]. Furthermore, we and our collaborators are working on the elucida-
tion of TPH2-dependent human psychiatric disorders [Mol. Psychiatry 9 (2004)
980; Biol. Psychiatry, 62 (2007) 1288].

A novel intracellular mechanism of 5-HT signalling was discovered in the viable
Tphl-/- mice, a mechanism depending on the 5-HT transporter (SERT)-driven
entry of 5-HT into cells in conjunction with Ca** mobilization, which culminates
in the constitutively activating covalent

modification of small GTPases of the

Rho and Rab families with 5-HT in a

transglutaminase-mediated reaction

[Cell 115 (2003) 851; PLoS Biol. 7

(2009) €1000229]. We termed this post-

translational protein modification

‘serotonylation’.

Extraneuronal serotonin is involved in primary haemostasis [Cell 115 (2003) 851],
mammary gland involution [Dev. Cell 6 (2004) 193], liver regeneration [Science
312 (2006) 104], and insulin secretion [J. Endocrinol. 200 (2009) 23; PLoS Biol.
7 (2009) €1000229]. Our collaborators and we are working on these items and
also on the analysis of tissue-specific expression of splicing isoforms of TPH1.
5-HT also functions as a growth factor, particularly in early embryonic develop-
ment [Mol. Brain Res. 68 (1999) 55]. Mitogenic effects of 5-HT in adult tissues
are also gaining attention, for example, in the pathological hyperplasia of the pul-
monary artery smooth muscle cells (PA-SMCs) in pulmonary hypertension [Hy-
pertension 49 (2007) 232]. However, the underlying mechanisms for such pro-
cesses have remained elusive, while a growing body of evidence points to a cru-
cial involvement of the SERT in the aetiology of this disease. Finally, the func-
tional analysis revealed an involvement of RhoA serotonylation in the aetiology,
as previously postulated [Cell 115 (2003) 851].

Platelets contain large amounts of 5-HT and can be easily obtained from periph-
eral blood. Washed platelets are an accepted model for synaptic vesicle metabo-
lism mechanisms. Therefore, the platelets of our 7phl-/- mice deliver the first
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opportunity to study transmitter-devoid vesicles. We are cooperating with G. Ahnert-
Hilger to elucidate vesicular trafficking mechanisms. We have reported that the
vesicular monoamine content regulates VMAT?2 activity through Gaq in mouse
platelets based on evidence for autoregulation of vesicular transmitter uptake [.J.
Biol. Chem. 278 (2003) 15850]. Similar autoregulation is also given in other neu-
rotransmitter storage systems [J. Neurosci. 25 (2005) 4672]. In addition, under
physiological conditions, platelets are crucial players in delivering serotonin to a
variety of target organs and play a central role for instance in the immune response
and in liver regeneration [Science 312 (2006) 104].

Primary monoamines and protein monoaminylation
Recently, we have identified a novel signalling mechanism in platelets, the
‘serotonylation” of small GTPases [Cell 115 (2003) 851]. In addition, the other
biogenic monoamines HA, DA, and NE can cause an analogous transglutaminase-
mediated activation of signalling proteins by ‘hisaminylation” and
‘catecholaminylation’, wherefore we coined the generic term ‘monoaminylation’
[Cell 115 (2003) 851].
We now identified this mechanism also
in B-cells of the pancreas [PLoS Biol. 7
(2009) €1000229]. As in platelets, sero-
tonylation regulates the secretion of
storage granules from these cells. Un-
der normal conditions 5-HT controls the
release of insulin. When the 5-HT lev-
els are low like in 5-HT-deficient mice,
proper insulin secretion is hampered and
blood glucose concentration rises to
noxious levels after a meal, a hallmark
of diabetes. Thus, the identification of
the insulin-releasing action of 5-HT may
open new avenues for intervention in
diabetes, a main research objective for
further studies.
The pancreas is the third disease-asso-
ciated context of serotonylation identi-
fied since the first description of this
mechanism in bleeding disorders by us
[Cell 115 (2003) 851]. In addition to the
finding’s contribution to the understand-
ing of 5-HT s role in the widespread dis-
ease diabetes, the special case of sero-
tonylation highlights the general physiological relevance of protein monoaminyl-
ation exemplarily. Like the phosphorylation of proteins, also the monoaminylation
has a deep impact on several cellular processes. In contrast to what was assumed
for a long time, water-soluble hormones like 5-HT, HA, and catecholamines act not
only at the cell’s face via surface receptors, but also within cells via monoaminylation.
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referee for the following journals: Journal
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Munich (expert assessment about the use
of 5-hydroxytryptophan as antidepressive
compound, 10/08)
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1 66 Scientific overview

The recent introduction of massive parallel sequencing technology has revolu-
tionized genomic research. These so-called next generation sequencing platforms,
such as Roche/454, Illumina/solexa and ABI/SOLID system can sequence DNA
orders of magnitude faster and at much lower cost than conventional Sanger method.
With their incredible sequencing capacity, my lab has been focused on developing
and implementing various genomic assays based on this new generation of se-
quencers. We are now applying the assays in identifying genetic factors underly-
ing human diseases as well as studying transcriptional and posttranscriptional regu-
lation of miRNA genes.

Characterisation of breakpoints in disease-associated balanced
chromosome rearrangements

The frequency of de novo balanced translocations in patients associated with con-
genital malformations and/or developmental delay is twice that among the general
population, suggesting a causative link between the rearrangements and the ob-
served phenotype in at least half of the disease-associated balanced translocations
(DBCRs). The phenotype in these cases can be caused by the disruption or inacti-
vation of specific gene(s) at the translocation breakpoints. Therefore, characteri-
sation of the breakpoints in DBCRs has often been a promising starting point in
molecular elucidation of early-onset Mendelian disorders. Recently such a strat-
egy has also been applied to search for genetic risk factors for complex and late-
onset diseases.

Mapping translocation breakpoints using conventional methods, such as in situ
hybridization with fluorescent dye-labeled bacterial artificial chromosome clones
(BAC-FISH), is rather laborious, time consuming and often provides limited reso-
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lution of breakpoint positions. With the development of array painting techniques,
which combine DNA array and chromosome sorting technologies, the efficiency
has been greatly improved and the ultra-high resolution was achieved by the se-
quential painting with two arrays, a tiling path large insert array and a region-
specific, ultra-high-resolution oligonucleotide array. Using ‘next generation’ mas-
sive parallel sequencing technology, we have introduced a novel and rapid method
to map translocation breakpoint by shotgun sequencing flow-sorted derivative
chromosomes. The coverage attained by this method was sufficient to bridge the
breakpoints by PCR amplification, and the procedure allows to determine their
exact nucleotide positions in a short time frame. Recently, to further improve the
method and in order to characterise the breakpoints in all types of balanced chro-
mosome rearrangements more efficiently and more accurately, we performed mas-
sively parallel sequencing using [llumina 1G analyser and ABI SOLiD systems to
generate short sequencing reads from both ends of DNA fragments. By identify-
ing read pairs spanning the breakpoints, we were able to map the breakpoints to a
region of a few hundred base pairs that could be confirmed by subsequent PCR
amplification and Sanger sequencing of the junction fragments. Collaborating with
Vera Kalscheuer and Andreas Tzschach, we are now implementing our method in
large-scale breakpoint mapping and gene finding.

Molecular elucidation of genetic factors underlying mental retardation
by genome partitioning and large-scale next generation sequencing
Using Sanger sequencing, mutation screening in genomic intervals defined by
linkage analysis or in a large number of candidate genes is often extremely te-
dious. Recently advance in massive parallel sequencing technology has dramati-
cally improved the efficiency and reduced the cost. However, the cost of sequenc-
ing the complete genome using presently available instruments is still too high to
apply to a large number of human patients. Therefore, robust methods to isolate
relevant genomic regions for targeted sequencing are required. In this project, we
evaluated different genome partitioning strategies including droplet-based PCR
from RainDance Technologies, solution hybrid selection from Agilent Technolo-
gies and chromosome sorting. With different strengths, they are eventually com-
bined to identify genetic factors underlying mental retardation.

Transcriptional and posttranscriptional regulation of miRNA genes
miRNAs are small non-coding RNAs that control the expression of target genes at
the posttranscriptional level. Recently, more and more miRNAs have been impli-
cated in a variety of biological processes including brain development and func-
tion. Whereas much attention has been focus on finding the target genes regulated
by miRNAs, little is known about the system which regulates miRNA expression.
One major focus of the lab is to study transcription and posttranscriptional regula-
tion of miRNA genes. In the study of transcriptional regulation, we are involved in
genome wide discovery of miRNA promoters in pre-B cells using ChIP-seq,
mRNA-seq and small RNA sequencing methods.

It has been demonstrated that the Drosha or Dicer processing of individual miRNA
can be regulated. Though, it is yet not known how generalized the phenomena
are. We are therefore interested in studying the posttranscriptional regulation of
miRNAs, especially regulation of Dicer processing at the genomic level by ge-
nome-wide profiling of miRNA precursor (pre-miRNA) and mature miRNA from
the same sample and comparing their relative abundance across different samples.
Currently, we are developing a novel assay to efficiently profile pre-miRNA based
on new sequencing technology.
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De novo transcriptome sequencing using 454 pyrosequencing

New sequencing technologies are not only robust tools for the investigation of
transcriptome in model organisms, but also manifest great potential in studying
non-model organisms. To facilitate comprehensive transcriptome characterization,
we are developing methods for transcriptome sequencing using 454 pyrosequencing.
With long read length and high accuracy, it is particularly suitable for de novo
sequence assembly. To be fit for 454 sequencing, our methods consist of steps to
remove poly A+ tails and cDNA library normalization. The sequencing data would
provide a comprehensive reference resource for further functional studies.

General information

Selected publications

Fu X, Fu N, Guo S, Yan Z, Xu Y, Hu H,
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Neurosci Rep 3:190-197.
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Scientific overview

The germ line is particularly vulnerable to genotoxic agents. DNA damage and
recombinational misrepair can lead to mutation & chromosomal aberrations and
amongst others to mental retardation and congenital genetic defects. A major in-
terest and focus of our group is to understand chromosome behavior in meiotic
prophase and the genesis of chromosomal aberrations. Besides genotoxic influ-
ences, homologous recombination at illegitimate sites is thought to fuel the chro-
mosome rearrangements, those seen in patients as well as in an evolutionary con-
text. It is thus imperative to understand the nature of DNA double strand break
repair, break points and recombinogenic sequences in the context of genome ar-
chitecture and nuclear topology. Genes expressed in brain are also expressed in
testis and given our interest in meiosis, we have established tools for high resolu-
tion analysis of first meiotic prophase progression in the genetic model systems
budding yeast and mouse.

Since 2006 we moved on with our comparative analysis of the impact of muta-
tions in genes involved in DNA repair and telomere stability in the mouse and
yeast and developed a highly sensitive live cell imaging microscope system (TILL)
for live cell analysis in the light sensi-

tive prophase I stage of the model spe-

cies S. cerevisiae. By this, we pioneered

work that for the first time showed in

live meiocytes exceeding meiotic move-

ments of telomeres and entire nuclei,

and that these dynamics required the

expression of a functional telomere

complex, cohesin and an actin network

independent of recombination. We con-

tinued this line of research and showed

that the telomere mobility translates to

whole chromosomes (Fig. 1) much sur-

prisingly during all of prophase I. This

gave new impetus to the perception how

meiotic telomere and chromosome be-
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havior is regulated and linked to recombination. These observations have sparked
new hypotheses and work in the meiosis field.

We also investigated a number of mouse strains with mutations in DNA-damage-
responsive genes and telomere genes for alterations in meiotic chromosome be-
havior. Our efforts have established a first integrated view of telomere and chro-
mosome mobility phenotypes in relation to mutations with altered prophase I and
recombination progression, and provide a first circuitry around the meiotic telo-
mere, which will aid analysis of failure of germ cell differentiation in infertile
patients and mice. Furthermore, our analysis will help to understand why up to
one third of fertilized human eggs are aneuploid, the leading genetic cause of
developmental failure and pregnancy loss.

Currently, we are cooperating with A. Kuss on the role of Bod1 protein in meiosis,
whose gene has been found to be mutated in a family with two branches and four
female patients suffering from mental retardation and oligomenorrhea, where all
isoforms of the BOD1 gene product have been lost. Since BOD1 appears to be a
kinetochore protein likely involved in spindle attachment and mitotic chromo-
some segregation, we work to localize the BODI protein in meiotic cells. In a
cooperation with R. Ullmann and A. Muradyan we study the genomic signature
left by acute high dose radiation in single cell survivor clones derived from irradi-
ated A549 tumour cells by array-CGH, expression profiling and molecular cyto-
genetics to highlight genomic damage elicited by ionising radiation, to better un-
derstand the signatures elicited by genotoxic agent that may alter a cells fate to-
wards misdifferentiation.

General information

Liebe B, Petukhova G, Barchi M, Bellani M,
Braselmann H, Nakano T, Pandita TK, Jasin
M, Fornace A, Meistrich ML, Baarends WM,
Schimenti J, de Lange Z, Keeney S, Came-
rini-Otero RD, Scherthan H. Mutations that
affect meiosis in male mice influence the dy-

namics of the mid-preleptotene and bouquet
stages. Exp Cell Res 2006; 312:3768-3781.

Selected publications

Adelfalk C, Janschek J, Revenkova E, Liebe
B, Gob E, Alsheimer M, Benavente R, de
Boer E, Novak I, H66g C, Scherthan H and
Jessberger R. Cohesin SMCIf protects te-
lomeres in meiocytes. J Cell Biol 2009;
187:185-99.

Erenpreisa J, Cragg MS, Salmina K, Haus-
mann M, Scherthan H. The role of meiotic
cohesin RECS8 in chromosome segregation in
girradiation-induced endopolyploid tumour
cells. Exp Cell Res 2009; 315:2593-2603.

Scherthan H, Trelles-Sticken E. Absence of
vKu/Hdf1 but not myosin-like proteins al-
ters chromosome dynamics during pro-
phase I in yeast. Different 2008; 76:91-98.

Scherthan H, Wang H, Adelfalk C, White EJ,
Cowan C, Cande WZ, Kaback DB. Chromo-

Open access activities

There are 22 free full-text articles in
PubMed Central as of 10/2009

Selected invited talks

DNA-repair and chromosome dynamics in
meiosis. Invited lecture at the Heinrich-Pette-
Institute, Hamburg, Germany, 02/2009

some mobility during meiotic prophase in
Saccharomyces cerevisiae. Proc Natl Acad
Sci USA 2007; 104:16934-16939.

Meiotic chromosome dynamics. Chair and
invited plenary lecture at the 16" Int. Chro-
mosome Conference. Amsterdam, NL, 08/
2007



Modulation of meiotic telomere dynamics.
Invited plenary lecture at the joint meeting
of the Biochemical Society and the
Genetics Society “Meiosis and the causes
and consequences of recombination”. 28.-
31.03.2006, University of Warwick, UK

Telomeres in space and time, evolutionary
and germ cell aspects. Invited plenary lec-
ture, Minisymposium, Biocenter, Vienna,
Austria, 10/2006

Scientific honors / awards

Rank 48 among the top 50 cited German
Molec. Biologists (Labor J. 5/2008).

1* place, CNRS Concours Chercheurs no.
21/01, DR2, 2006

Work as scientific referee

H. Scherthan serves as scientific referee for
the following journals: BOR, Dev. Cell,
Dev. Biology, J. Cell Biol., J. Cell Sci., Eur.
J. Cell Biol., Chromosoma, Chromos. Res.,
Health Physics.

In addition, H. Scherthan serves as referee
for the following institutions: DFG, The
Wellcome Trust, Deutsche Krebshilfe.
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Membership in journal editorial
boards

Editorial Advisory Board of Chromosome
Research, since 2009

Teaching activities

Special Practical Course Molekulare Cyto-
logie/Cytogenetik; Lecture: Grundlagen der
Molekularen Cytologie/Cytogenetik. Lecture
and seminar series Chromosome Biology
(since 2007) each term; Technical Univ. of
Kaiserslautern.

Organization of scientific events
Workshop organizer & Chair of the ses-
sion Meiosis and the regulation of recom-

bination, 16" Int. Chromosome Conference,
Amsterdam, The Netherlands, 2007.
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Scientific overview

Scientific achievements

PhD student
Eva Kickstein* (since 06)

Technician
Melanie Kunath* (since 05)

Some time ago we had identified mutations in the MID/I gene to be causative for
the X-linked form of Opitz BBB/G syndrome (OS, Quaderi et al., 1997, Nature
Genetics). Since then the scientific focus of my group has been at the characteriza-
tion of the physiological function of the MID1 gene product and the analysis of the
mechanisms of disease development in OS patients. Our work has led to the iden-
tification of a microtubule-associated protein complex that plays a central role in
insulin receptor and mTOR signalling and is a translation control unit for the regu-
lation of compartmentalized protein translation.

* externally funded

The MID1 protein is a multidomain pro-
tein with a RING finger domain and two
zinc-binding B-Boxes in its N-terminus.
We have shown that the C-terminus of
the MID1 protein associates to micro-
tubules (Schweiger et al. 1999, PNAS)
and via the two B-Boxes it binds to the
04 protein, which is a regulatory sub-
unit of protein phosphatase 2A (PP2A).
The close vicinity of the ubiquitin ligase
MIDI1 to PP2A results in the ubiquitin
dependent modification and degradation
of the microtubule-associated pool of the
catalytic subunit of PP2A. In OS patients
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this mechanism is disrupted and the catalytic subunit of PP2A accumulates at the
microtubules (Fig. 1, Trockenbacher et al. 2001, Nature Genetics).

We have further found that the MID1/04/PP2A protein complex assembles a mi-
crotubule-associated ribonucleoprotein (RNP) complex, that, in addition to the
three proteins, contains (i) active ribo-

somes, (ii) several translation factors

and (iii) mRNAs that bind to the com-

plex via G-rich RNA motifs (Aranda-

Origillés et al., 2008, Human Genetics,

Fig. 2). Unpublished results show that

the MID1/04 protein complex regulates

the translation efficiency of mRNAs that

are attached to it and that up-regulation

of its activity by, for example, over-ex-

pression of MIDI result in an increase

in protein synthesis from these mRNAs

(manuscript in preparation).

Interestingly, it seems to be a set of mRNAs with very specific functions that bind
to the MID1/04/PP2A RNP complex. In a database search with MID1 binding
RNA motifs we could identify close to 100 mRNAs, all of which are coding for
proteins either involved in protein translation, functioning at the synapse or play-
ing central roles in polarizing and migrating cells. Interestingly, translation effi-
ciencies of several of these mRNAs are impaired in cell lines from OS patients.
This observation together with FRAP data showing that the MID1 protein com-
plex is actively transported along the microtubules (Aranda-Origillés et al., 2008,
PLOSone) led us hypothesize that the MID1 protein complex would function as a
translation regulator for compartmentalized protein synthesis in either neurons or
cells comprising protein gradients such as polarizing and migrating cells.

Furthermore, by comparing clinical genetic phenotypes we were able to establish
a novel and unexpected connection of the MID1/04/PP2A complex and shh sig-
nalling. The shh pathway is involved in body patterning and limb and brain devel-
opment. It also is an oncogenic pathway, gain of function of which seems to be a
critical factor during carcinogenesis. Loss of function of components of the shh
signalling cascade have been linked to syndromes that significantly overlap clini-
cally with the phenotype seen in OS patients. We could show that PP2A activity
and the MID1 protein complex regulate the transcriptional activity of GLI3, one
of the three transcriptional effector molecules of the shh pathway (Krauss et al.
2008, Cancer Research; Kraus et al., PLoS One). Interestingly, increase of the
activity of PP2A via the MID1 protein complex can significantly decrease the
activity of the shh signalling cascade, which makes the MID1/04/PP2A protein
complex a very promising target for an anti-shh cancer therapy.

Future plans - the MID1/alpha4 ubiquitin ligase complex, a
promising drug target for cancer and neurodegenerative disorders
PP2A is not only a very potent tumour suppressor, but it is also by far the most
important enzyme to de-phosphorylate microtubule-associated tau protein. Hyper-
phosphorylated tau is the major component of paired helical filaments, a patho-
logical hallmark in brains from Alzheimer’s Disease (AD) patients. In addition to
that, our data show that the MID1 / 04 / PP2A influences the synthesis of several
proteins, gain of function of which are the pathogenic factors driving the develop-
ment of other neurodegenerative disorders such as amyotrophic lateral sclerosis,
Parkinson’s Disease and Huntington’s Disease. Taken together this suggests that a
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mechanism that influences the activity of a specific pool of PP2A would be a very
promising drug target for several cancer entities as well as neurodegenerative dis-
orders. Although this is widely accepted in the literature and the development of
inhibitory molecules for kinases has been very successful, until now it has not
been possible to accelerate phosphatase activity in small molecule drug discovery
approaches.

The MID1/04 ubiquitin ligase complex seems to regulate the turn over and the
activity of the microtubule-associated pool of PP2A quite specifically (Trocken-
bacher et al. 2001, Nature Genetics). In several validation approaches using knock-
down technology we could show that a decrease of MID1/04 ubiquitin ligase
activity indeed leads to an increase of PP2A activity and influences several of the
mentioned pathogenic processes including tau phosphorylation and the produc-
tion of pathological protein in neurodegenerative disorders. From mutation and
deletion analysis data of the MID1 protein and the NMR structures of the B-Box
domains of the MID1 protein and the 04 protein we have concluded that the inter-
phase between MID1 and o4 would be targetable by small molecules. Together
with our collaboration partners from the University of Innsbruck and the Lead
Discovery Unit in Dortmund we have set up an alpha screen to screen for small
molecules that disturb the interaction of MID1 and a4 and thereby inhibit ubiquitin
ligase activity and increase PP2A activity. In addition we are currently developing
several cell free and cell based assays and establish animal models to validate
potential hits that will be produced in the alpha screen.

In summary, the discovery of a microtubule-associated protein complex that con-
trols microtubule-associated PP2A activity has become a promising drug target
for a potential therapy of cancer and neurodegeneration. In addition, the nature of
the interaction of the MID1 protein and the 04 protein seems to be ideal for a
small molecule approach targeting a protein-protein interaction.

General information

Selected publications Aranda-Orgillés B, Winter J, Aigner J,

Aranda-Orgillés B, Aigner J, Kunath M,
Lurz R, Schweiger S. Active Transport of
the Ubiquitin Ligase MID1 along the Mi-
crotubules Is Regulated by Protein Phos-
phatase 24. PLoS One 2008; 3(10): €3507

Winter J, Roepcke, S, Krause S, Mueller
EM, Otto A, Vingron M, Schweiger S. Com-
parative 3"UTR analysis allows identifica-
tion of regulatory clusters that drive Eph/
ephrin expression in cancer cell lines. PLoS

One 2008;3(7): 2780

Kraul} S, Foerster J, Schneider R, Schweiger
S. PP2A and rapamycin regulate the nuclear
localization and activity of the transcription
factor GLI3. Cancer Research 2008; 68(12):
4658-65

Kohler A, Jastrzebska E, Stahl J, Miiller EC,
Otto A, Wanker EE, Schneider R,
Schweiger S. The Opitz syndrome gene
product MID1 assembles a microtubule-
associated ribonucleoprotein complex.
Hum Genet 2008; 123(2):163-76

Winter J, Kunath M, Roepcke S, Krause S,
Schneider R, Schweiger S. Alternative
polyadenylation signals and promotors act
in concert to control tissue-specific expres-
sion of the Opitz Syndrome gene MIDI.
BMC Mol Biol 2007; 8:105.



Work as scientific referee

S. Schweiger serves as scientific referee for
the following journals (selection): Journal of
Neuroscience, Human Molecular Genetics,
Experimental Cell Research and Cancer Re-
search.

Special achievements

S. Schweiger was board certificated for the
Speciality of Human Genetics in November
2006 (Fachérztin fiir Humangenetik)

Appointments of former
members of the group

Jennifer Winter: Group leader at the Max
Planck Institute of Immunobiology, Freiburg
/ Breisgau

Susann Schweiger - Chair for Molecular
Medicine and Head of the Centre for Oncol-
ogy and Molecular Medicine at the Univer-
sity of Dundee (Medical School)

Patents

US-preliminary patent # 60/380,590: Inter-
vention in intracellular PP2A levels via its
interaction with the a4 protein: implications
for Alzheimer and cancer treatment.

German patent office invention disclosure:
Strategies to enhance production of proteins
in eukaryotic cells.

External funding

Volkswagen Foundation Germany: The re-
naissance of the human model: monogenic
phenotypes as gateways to signaling net-

works in development and disease, 04/05
- 03/10

AtaxiaUK: Translation control of mRNAs
with CAG repeat expansions and its impli-
cation for pathogenesis and therapy of SCA2
and other spinocerebellar ataxias, 08/08-
07/11

Tenovus Scotland: The microtubule-associ-
ated MID1/PP2A mRNP and its role in the
pathogenesis of Chorea Huntington, 04/08-
03/11

Chief Scientist Office: The MID1/PP2A
protein complex: a novel tool to develop

therapies for Spinocerebellar Ataxias, 10/
09- 09/10
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plex phenotype with cystic renal disease. Kid-
ney International 70(9), 1656-1660 (2006).

Piovani, G., G. Borsani, V. Bertini, V.M. Kal-
scheuer, P. Viertel, D. Bellotti, D. Valseriati
and S. Barlati . Unexpected identification of
two interstitial deletions in a patient with a
pericentric inversion of a chromosome 4 and
an abnormal phenotype. Eur J Med Genet
49(3), 215-23 (2000).

Ropers, H.H.: X-linked mental retardation:
many genes for a complex disorder. Current
Opinion in Genetics & Development 16(3),
260-269 (2006).

Scherthan, H.: Meiotic telomeres. In: Telom-
eres, 2nd ed., Monograph 45 (T. De Lange,
V. Lundblad, E. Blackburn, eds.) CSH Press,
Cold Spring Harbor, pp. 225-259 (2006).

Scherthan, H.: Factors directing telomere
dynamics in synaptic meiosis. Biochemical
Society Transactions 34(4), 550-553 (2006).

Schubbert, S., M. Zenker, S.L. Rowe, S. Boll,
C. Klein, G. Bollag, I. van der Burgt, L.
Musante, V. Kalscheuer, L.E. Wehner, H.
Nguyen, B. West, K.Y. Zhang, E. Sistermans,
A. Rauch , C.M. Niemeyer, K. Shannon and
C.P. Kratz: Germline KRAS mutations cause
Noonan syndrome. Nature Genetics 38(3),
331-336 (2006).

Schwarzbraun, T., R. Ullmann, M. Schubert,
M. Ledinegg, L. Ofner, C. Windpassinger, K.
Wagner, P.M. Kroisel and E. Petek:
Characterisation of a de novo complex chro-
mosome rearrangement (CCR) involving
chromosomes 2 and 12, associated with men-
tal retardation and impaired speech devel-
opment. Cytogenetics and Genome Research
115(1), 84-89 (2006).

Seifert W, M Holder-Espinasse, S Spranger,
M Hoeltzenbein, E Rossier, H Dollfus, D
Lacombe, A Verloes, KH Chrzanowska, GH
Maegawa, D Chitayat, D Kotzot, D Huhle, P
Meinecke, B Albrecht, I Mathijssen, B
Leheup, K Raile, HC Hennies, D. Horn: Mu-
tational spectrum of COHI and clinical het-
erogeneity in Cohen syndrome. Journal of
Medical Genetics 43(5), €22 (2006).

MPI for Molecular Genetics

Shoichet, S.A., L. Duprez, O. Hagens, V.
Waetzig, C. Menzel, T. Herdegen, S.
Schweiger, B. Dan, E. Vamos, H.H. Ropers
and V.M. Kalscheuer: Truncation of the CNS-
expressed JNK3 in a patient with a severe
developmental epileptic encephalopathy.
Human Genetics 118(5), 559-567 (2000).

Tagariello, A., R. Heller, A. Greven, V.M.
Kalscheuer, T. Molter, A. Rauch, W. Kress
and A. Winterpacht: Balanced translocation
in a patient with craniosynostosis disrupts the
SOX6 gene and an evolutionary conserved

non-transcribed region. Journal of Medical
Genetics 43, 534-540 (2006).

Tzschach A, M Hoeltzenbein K Hoffmann
C Menzel, A Beyer, V Ocker, G Wurster, M
Raynaud, HH Ropers, VM Kalscheuer, H
Heilbronner: Heterotaxy and cardiac defect
in a girl with chromosome translocation
1X;1)(q26,p13.1) and involvement of ZIC3:
Eur J Hum Genet 14(12), 1317-1320 (2006).

Tzschach A., K. Hoffmann, M. Hoeltzenbein,
I. Bache, N. Tommerup, C. Bommer, H.
Korner, V.M. Kalscheuer and H.H. Ropers:
Molecular characterization of a balanced

chromosome translocation in psoriasis vul-
garis. Clin Genetics 69(2), 189-193 (2006).

Tzschach A, I Krause-Plonka, C Menzel, VM
Kalscheuer, H Tonnies, H Scherthan, A
Knoblauch, M Radke, HH Ropers, M Hoelt-
zenbein: Molecular cytogenetic analysis of
a de novo interstitial deletion 5g23.3q31.2

and its phenotypic consequences. Am J Med
Genet A 140(5), 496-502 (2006).

Tzschach, A., S. Lenzner, R. Reinhardt, B.
Moser, J. Chelly, J.-P. Fryns, T. Kleefstra, M.
Raynaud, J. Gécz, H.H. Ropers, A.W. Kuss
and L.R. Jensen: Novel JARIDIC mutations
in patients with X-linked mental retardation.
Human Mutation 27(4), 389 (2006).

Tzschach, A. and H.H. Ropers: X-chromoso-
male Retardierung. Medizinische Genetik 2,
187-193 (2006).

Tzschach, A., 1. Krause-Plonka, C. Menzel
A. Knoblauch, H. Toennies, M. Hoeltzenbein,
M. Radke, H.H. Ropers, V.M. Kalscheuer:
Molecular Cytogenetic Analysis of a De Novo
Interstitial Chromosome 10q22 Deletion. Am
J Med Genet A 140(10), 1108-1110 (2006).
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Wada K., J.T. Howard, P. McConnell, O.
Whitney, T. Lints, M.V. Rivas, H. Horita,
M.A. Patterson, S.A. White, C. Scharff, S.
Haesler, S. Zhao, H. Sakaguchi, M. Hagiwara,
T. Shiraki, T. Hirozane-Kishikawa, P. Skene,
Y. Hayashizaki, P. Carninci and E.D. Jarvis:
A molecular neuroethological approach for
identifying and characterizing a cascade of
behaviorally regulated genes.[erratum ap-
pears in Proc Natl Acad Sci U S A. 2006 Nov
7,103(45):17064]. Proceedings of the Na-
tional Academy of Sciences of the United
States of America 103(41), 15212-15217
(20006).

Yan, K.-L., X.-J. Zhang, Z.-M. Wang, S.
Yang, G-L. Zhang, J. Wang, F.-L. Xiao, M.
Gao, Y. Cui, J.-J. Chen, X. Fan, L.-D. Sun,
Q. Xia, K.-Y. Zhang, Z.-M. Niu, S.-J. Xu, A.
Tzschach, H.H. Ropers, J.-J. Liu and W.
Huang: 4 novel MGST2 non-synonymous
mutation in a Chinese pedigree with psoria-
sis vulgaris. Journal of Investigative Derma-
tology 126(5), 1003-1005 (2006).

Zahn, C.; A. Hommel, L. Lu, W. Hong, D.
Walther, S. Florian, H.-G. Joost and A.
Schiirmann: Knockout of Arfipl leads to
disruption of ARF-likel (ARLI) targeting
to the trans-Golgi in mouse embryos and
HelLa cells. Molecular and Membrane Bi-
ology 23, 475-485 (20006).

Selected invited talks (H.-Hilger
Ropers)
Molecular elucidation of MR: Strategies

and progress report, XXIII Spanish Genetic
Congress, Valladolid, 15.06.2006

Genetic dissection of MR by high resolu-
tion array CGH and other approaches,
Lecture at Dept. of Genetics and Evolution-
ary Biology, Institute of Biosciences, Univ.
Sao Paulo, Brasil. 01.08.2006.

High resolution array CGH, AP Echo con-
ference 2006, Shanghai, 28.08.2006

Frequent genomic imbalances in Mendelian
and complex diseases: why association
studies often fail. Nederlands Anthropo-
genetische Vereniging, Utrecht, 24.11.2006.

Nieuwe perspectieven voor het ophelderen
van erfelijke ziekten, The Royal Netherlands
Academy of Arts and Sciences, Amsterdam,
26.02.2007

Speaker at the 3rd International Meeting
on Cryptic Chromosomal Rearrangements,
MR and autism, Troina, Italy, 13.04.2007

Evangelischer Hochschuldialog : “Gott in
den Genen?, Albert-Ludwigs-Universitit,
Freiburg, 07.07.2007 (public discussion)

New perspectives for the elucidation of hu-
man diseases, Berlin Brandenburg Academy
of Sciences and Humanities, 22.06.2007

Lecture at the 1° International Congress on
Health, Genomics, and Biotechnology, Te-
heran, 24.11.2007

Disease related genome research: novel
opportunities for developing countries,

HGM 2008, Hyderabad, India, 30.09.2008

Lecture at the Deutsch-Koreanisches Sym-
posium on Biotechnology, Seoul, January
15-16, 2009

Ethical and social Issues of the Human
Genome Project, Annual Meeting of the
Indian Society of Human Genetics, New
Delhi, India, 17.03.2009 (plenary lecture)

Cognitive impairment: what have we learned,
what lies ahead, University of Nijmegen,
03.04.2009

Lecture at the Regpot Conference (EU 7%
Framework), Ankara, 20.04.2009

Vom Miitterchen die Frohnatur..’ : neue
Perspektiven fiir die Aufkldrung der Funktion
des menschlichen Genoms und Konse-
quenzen fiir die Krankenversorgung, 11.
Gaterslebener Begegnung, Leibniz-Institut
fir Pflanzengenetik und Kulturpflanzen-
forschung, Gatersleben, 08.05.2009

The sequencing revolution: Implications for
genome research and health care, Rudbek
Seminar Series, Uppsala, 08.10.2009

Selected memberships (H.-Hilger

Ropers)

m  Elected member of HUGO Council
(since 2003) and member of HUGO
Scientific Program Committee

m  Elected member of the Royal Nether-
lands Academy of Arts and Sciences

®  Elected member of the Berlin-Branden-
burg Academy of Sciences and Humani-
ties

m  Elected Secretary of the Biomedical
class of the Berlin-Brandenburg Acad-
emy of Sciences and Humanities, 2007

m  Honorary medal of the Society for Hu-
man Genetics (GFH) 2009



Membership in journal editorial
boards (H.-Hilger Ropers)

®  Genome Medicine
®m  Human Genetics

®  Clinical Genetics

Service to the scientific
community (H.-Hilger Ropers)
m  Evaluation of Telethon, Italy 2009

m  Member of the scientific advisory board
Biozentrum Wiirzburg, since 2003

Appointments of former

members of the department
Susann Schweiger - Chair for Molecular
Medicine (2006) and Head of the Centre
for Oncology and Molecular Medicine
(2007) at the University of Dundee (Medi-
cal School)

PhD theses

2009

Masoud Garshasbi (2009) Identification of
31 genomic loci for autosomal recessive men-
tal retardation and molecular genetic char-
acterization of novel causative mutations in
four genes, PhD Thesis, Freie Universitit
Berlin (supervisor: Andreas Kuss)

Stella-Amrei Kunde (2009): Untersuchung
zur Funktion des POBP1-Komplexes, PhD
thesis submitted in 06/09, Freie Universitit
Berlin (supervisor: Vera Kalscheuer)

Artur Muradyan (2009) SPON?2 and its im-
plication in epithelial-mesenchymal tran-
sition, Freie Universitét Berlin (supervisor:
Reinhard Ullmann)

Nils Rademacher (2009) Untersuchungen zur
Funktion der Kinase CDKL5 / STK9, PhD
thesis submitted in 09/09, Freie Universitét
Berlin (supervisor: Vera Kalscheuer)

2008

Maik Grohmann (2008) Die Rolle der Tryp-
tophan-Hydroxylase 2 bei der Entstehung
psychiatrischer Erkrankungen, PhD Thesis,
Freie Universitét Berlin (supervisor: Diego
Walther)

MPI for Molecular Genetics

Mohammad Mahdi Motazacker (2008) Iden-
tification of novel genetic loci for non-
syndromic autosomal recessive mental retar-
dation and molecular genetic characteriza-
tion of a causative GRIK2 mutation, PhD
Thesis, Freie Universitit Berlin (supervisor:
Andreas Kuss)

Nils Paulmann (2008) Die Serotonylierung
kleiner GTPasen moduliert die Insulin-
sekretion, PhD Thesis, Freie Universitét
Berlin (supervisor: Diego Walther)

Joyce So (2007): Molecular and phenotypic
analysis of Opitz syndrome patients and char-
acterization of the relationship between the
RBCC protein MID1 and the tumour suppres-
sor CYLD. PhD Thesis, Freie Universitét
Berlin (supervisor: Susann Schweiger)

2006

B. Budny (2006)Molecular background of
X-linked mental retardation. PhD Thesis,
Karol Marcinkowski University, Poznan,
Poland.

Beatriz Aranda-Origillés (2006) Character-
ization of the MID1/a4 multiprotein com-
plex. PhD Thesis, Freie Universitit Berlin
(supervisor: Susann Schweiger)

Wei Chen (2006) Development and applica-
tion of CGHPRO, a novel software package
for retrieving, handling and analysing array
CGH data. PhD Thesis, Freie Universitét
Berlin

Sebastian Haesler (2006) Studies on the evo-
lution and function of FoxP2, a gene impli-
cated in human speech and language, using
songbirds as a model. PhD Thesis, Freie
Universitdt Berlin (supervisor: Constanze
Scharff)

Olivier Hagens (2006) Search for genes
involved in Human Cognition. Molecular
characterization of two novel genes,
FBXO025 and KIAA1202, disrupted by a
translocation in a mentally retarded patient.
PhD Thesis, Freie Universitdt Berlin (su-
pervisor: Vera Kalscheuer)

Jens-Uwe Peter (2006) Molekularbiologische
und pharmakologische Manipulation der
Tryptophanhydroxylasen. PhD Thesis, Freie
Universitdt Berlin 2006 (supervisor: Diego
Walther)
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Student Theses

2009

C. Bith (2009) Monoaminylierung von
Transkriptionsfaktoren am Beispiel des
CLOCK, Bachelor Thesis, Freie Universitit
Berlin (supervisor: Diego Walther)

B. Behrendt (2009) Modellierung der
serotonininduzierten Ausschiittung dense-
granuldrer Botenstoffe aus Thrombozyten,
Bachelor Thesis, Technische Fachhoch-
schule Wildau (supervisor: Diego Walther)

M. Bienemann (2009) Modellierung der
serotonininduzierten Ausschiittung des
Insulins aus (-Zellen des Pankreas, Bach-
elor Thesis, Technische Fachhochschule
Wildau (supervisor: Diego Walther)

René Buschow (2009) Quantitative Analyse
neuronaler Subgruppen mit Hilfe automa-
tisierter Immunfluoreszenz, Diploma The-
sis, Institut fiir Biologie, Universitit Kassel
(supervisor: Tim Hucho)

Grit Ebert (2009) Verdnderungen der Gen-
expressionsmuster im Verlauf der Retinsdure-
induzierten Zelldifferenzierung, Diploma
Thesis, Humboldt Universitit zu Berlin (su-
pervisor: R. Ullmann)

A. Funke (2009) Identifikation von BRN2-
regulierten Genkandidaten und Unter-
suchung der Auswirkung des SNPs rs1696
7794 auf die Bindungsaffinitit von BRN2,
Bachelor Thesis, Technische Fachhochschule
Wildau (supervisor: Diego Walther)

S. Mucha (2009) Studien zum Einfluss von
Serotonin auf die Glucose-induzierte
Insulinsekretion, Bachelor Thesis, Technische
Fachhochschule Wildau (supervisor: Diego
Walther)

F. Roske (2009) Die Verdnderung der Auf-
nahme und Inkorporation von biogenen
Monoaminen durch Adipogenese in 3T3-L1-
Zellen, Bachelor Thesis, Universitéit Bayreuth
(supervisor: Diego Walther)

B. Schoder (2009) Vergleich viraler Promo-
toren mit dem humanen ribosomalen RPL12-
Promotor in eukaryotischen Expressions-
systemen, Bachelor Thesis, Technische
Fachhochschule Wildau (supervisor: Diego
Walther)

C. Schwarzer (2009) Etablierung eines
immunologischen Nachweissystems zur
Erfassung des Aktivierungszustandes der
kleinen GFTPase Cdc42, Bachelor Thesis,
Universitdt Bayreuth (supervisor: Diego
Walther)

C. Technau (2009) Monoaminylierung von
Transkriptionsfaktoren am Beispiel des
CREB, Bachelor Thesis, Freie Universitit
Berlin, 2009 (supervisor: Diego Walther)

Lars Theobald (2009) Untersuchung und
Charakterisierung transaktivierender Eigen-
schaften monoaminylierter Transkriptions-

faktoren, Diploma Thesis, Technische Fach-

hochschule Berlin (supervisor: Diego
Walther)

Zofia Wotschofsky (2009) Translocation
breakpoint mapping by Illumina/Solexa
technology, Diploma Thesis, Technische
Universitit Berlin (supervisor: Wei Chen)

2008
Christine Andres (2008) Relative Immuno-

fluoreszenz - Eine Mikroskop basierte

Methode zur Untersuchung der Aktivierung
von Signalwegen in heterogenen Zell-
systemen wie DRG-Neuronen, Diploma The-
sis, Freie Universitdt Berlin (supervisor: Tim
Hucho)

Vivien Boldt (2008) Chromosomale Verdin-
derungen in Prdneoplasien und Karzinomen
der Brust und deren Auswirkungen auf die
Genexpression, Diploma Thesis, Freie Uni-
versitdt Berlin (supervisor: R. Ullmann)

Barbara Glowacka (2008) Funktionelle
Unter-suchungen zur Rolle von POBPI
(Polyglutamin-Bindungsproteinl) bei der
Genexpression, Diploma thesis, Freie Univer-
sitdt Berlin (supervisor: Vera Kalscheuer)

Melanie Kriiger (2008) Die Rolle der TPH1
in der Atiologie von Alkoholismus, Diploma
Thesis, Freie Universitit Berlin (supervisor:
Diego Walther)

Ann Scholer (2008) Die Bedeutung der
Monoaminylierung in neuronalen Differen-
zierungsprozessen, Diploma Thesis, Tech-
nische Universitdt Berlin (supervisor: Diego
Walther)

Juliane Schreier (2008) Untersuchungen
der Ostrogen-Effekte auf die MAP-Kinase
ERK in primdren sensorischen Neuronen
und F-11 Zellen, Diploma Thesis, Freie
Universitét Berlin (supervisor: Tim Hucho)

Karsten Sollich (2008) Establishment of a
lenti-virus-based gene knock-down system
in rat sensory neurons, Diploma Thesis,
Technische Universitit Berlin (supervisor:
Tim Hucho)

Anne Steininger (2008) Genetische und epi-
genetische Verdnderungen bei kutanen T-
Zell-Lymphomen, Diploma Thesis, Freie
Universitét Berlin (supervisor: R. Ullmann)



Tina Sulistio (2008) Determination of trans-
gene integration sites in mutant POBPI
transgenic mice and characterization of the
expression pattern of various POBP1 mu-
tations, Diploma thesis, Mannheim Univer-
sity of Applied Sciences (supervisor: Vera
Kalscheuer)

Anke Walther (2008) Untersuchungen zur
Rolle von CDKLS5 Interaktionspartnern
beim atypischen Rett-Syndrom, Diploma
thesis, Technische Universitdt Berlin (su-
pervisor: Vera Kalscheuer)

2007

A. von Bock (2007) Untersuchung von
RNA-Editierungen in der Tryptophan Hy-
droxylase 2. Master Thesis, Freie Univer-
sitdt Berlin (supervisor: Diego Walther)

F. Baumkétter (2007) Monoaminylierung in
der Hyperproliferation humaner pulmo-
ndrer glatter Muskelzellen. Diploma The-
sis, Freie Universitdt Berlin (supervisor:
Diego Walther)

S. Gohlke (2007) Monoaminylierung von
Huntingtin. Diploma Thesis, Freie Univer-
sitdt Berlin (supervisor: Diego Walther)

Paul Hammer (2007) Molekulare Unter-
suchungen zur Genregulation von TPH2.
Master Thesis, Technische Fachhochschule
Wildau (supervisor: Diego Walther)

M. Mehnert (2007) Einfluss von Mono-
aminen auf Differenzierungs- und Prolifera-
tionsprozesse von embryonalen und adulten
neuronalen Stammzellen. Diploma Thesis,
Freie Universitét Berlin (supervisor: Diego
Walther)

A. Nauman (2007) Herabregulierung der
Expression muriner Transglutaminasen
durch RNA-Interferenz. Master Thesis,
Technische Fachhochschule Wildau (super-
visor: Diego Walther)

S. Pohl (2007) Serotoninkataboliten in der
Atiologie des Alkoholismus. Diploma The-
sis, Albert-Ludwigs-Universitit Freiburg
(supervisor: Diego Walther)

Silke Stahlberg (2007) Funktionelle Cha-
rakterisierung des M1-Motivs in Promotoren
der Gene humaner ribosomaler Proteine.
Diploma Thesis, Freie Universitdt Berlin (su-
pervisor: Diego Walther)

A. Walter (2007) Identifizierung von mono-
aminylierten Proteinen in neuronalen
Zellen. Diploma Thesis, Freie Universitét
Berlin (supervisor: Diego Walther)

MPI for Molecular Genetics

2006

K. Albers (2006) Development of a labora-
tory information management system
(LIMS) for medical genetic investigations.
Bachelor Thesis, Freie Universitdt Berlin

T. Doser (2006) Monoaminylierung in der
zelluldren Immunantwort. Diploma Thesis,
Technische Fachhochschule Berlin (super-
visor: Diego Walther)

S. Grabow (2006) Welche Proteine sind Ziel
der Monoaminylierung in T-Lymphozyten?
Diploma Thesis, Freie Universitit Berlin
(supervisor: Diego Walther)

Dejan Ninkovic (2006) Untersuchungen zu
PQBP]I und einigen wahrscheinlichen Pro-
teininteraktionspartnern, Diploma Thesis,
Freie Universitit Berlin (supervisor: Vera
Kalscheuer)

A. Salamon (2006) Functional Aspects of a
Mutation in the PLP2 Promoter Region of
Patients with Non-Syndromic X-Linked
Mental Retardation. Technische Universitdt
Berlin

Jakob Vowinckel (2006) Monoaminylierung
von Signalproteinen. Diploma Thesis, Freie
Universitdt Berlin (supervisor: Diego
Walther)

M. Walther (2006) Der Einfluf3 von Etha-
nol auf den Metabolismus von Serotonin.
Diploma Thesis, Technische Fachhoch-
schule Berlin (supervisor: Diego Walther)

Guest scientists

Prof. Klaus Wrogemann, MD, PhD, Dept. of
Biochemistry & Medical Genetics,University
of Manitoba,Canada, 02-08/09

Roxana Karaminejad, MD, Kariminejad-
Najmabadi Pathology & Genetics Center,
Tehran, Iran, 03-05/07; 10-12/07; 07/08

Anne Thorwarth, MD, Institute for Experi-
mental Pediatric Endokrinology, Charité
University Medicine Berlin, 09/06-12/07

Markus Pisecker, PhD, St. Anna Kinder-
krebsforschung, CCRI, Children’s Cancer
Research Institute, Vienna, Austria, 01-04/07

Dilihan Gumus, MD,Msc, PhD Student
Cardiff University, Cardiff, UK, 01-07/06

Sandra Selch, PhD student, University of
Wiirzburg, Germany, 04-06/06

Rikke Moeller, MD, The Wilhelm Johann-
sen Centre for Functional Genome Research,
University of Copenhagen, Denmark
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