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Abstract: Pharmaceutical biochemistry at the ETH Zirich is devoted to research on ligand-macromolecule inter-
actions, combining experiments with computational data as closely as possible because we believe that there is
no rational disease treatment without molecular understanding of events. For this purpose biochemical/biophysi-
cal studies of target proteins in complex with their ligands are an essential part of the research. Complementary
and integrated to it, a second field of research is dedicated to computational methods that play an important role
in drug discovery and development. These methods are strongly interconnected with the experiments and are used
to generate new hypotheses to be tested experimentally. This approach has been made feasible by the progress
of molecular biology and computer technology and is now extensively used in all major pharmaceutical industries
and thus has to be taught to students. Because of the interdisciplinarity of the research a multidisciplinary envi-
ronment has been established. The scientific effort of the group is focused on cancer and antiviral research. Key
targets of the research are kinases, namely thymidine kinases and tyrosine kinases of oncogenic fusion proteins.
In parallel and in view of the increasing amount of experimental data generated by the different -omics initiatives

the group has started the development of appropriate software tools for data mining.
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Pharmaceutical Biochemistry
Within the Context of Pharmaceuti-
cal Research

The playground of pharmaceutical re-
search is the human being and its com-
plexity. The aim is to develop agents
(small organic molecules, antibodies, ther-
apeutic proteins) that would restore nor-
mal physiological conditions as closely as
possible. The aim of research in pharma-
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ceutical biochemistry is to foster the de-
velopment of these agents by increasing
the knowledge on ligand—-macromolecule
interaction at the molecular level by using
an interdisciplinary approach combining
biochemical/biophysical studies (mutage-
nesis, biochemical evaluation of the target
protein and their ligands, crystallization,
X-ray structure determination, NMR, CD
spectroscopy, microcalorimetry, surface
plasmon resonance) of target proteins in
complex with their ligands with computa-
tional approaches for drug design and da-
ta mining. This knowledge is an essentia
component for the development of target-
ed-based drugs that is favoured by the
combination of methods, rather than any
one experiment, as stated in a recent re-
view by Arkin and Wells[1].

The following examples elucidate the
approach taken in the pharmaceutical bio-
chemistry group and how we hope to con-
tribute to pharmaceutical research.

Herpes Simplex Type | Thymidine
Kinase: One Enzyme - Several
Pharmaceutical Applications

Thymidine kinases (TKs) were de-
scribed for cellular life, long before it was
shown that viruses could also encode

them, but the viral thymidine kinase genes
were the first to be sequenced. These en-
zymes have been extraordinarily useful to
the researcher, serving first to help label
DNA, then to get thymidine analogues in-
corporated into DNA for therapeutic and
other purposes and more recently to move
genes from one genome to another [2].
Thymidine kinases have been found in al-
most all organisms.

Thymidine kinaseisthe key enzymein
the pyrimidine salvage pathway catalyzing
the phosphorylation of thymidine (dT) to
thymidine monophosphate (dTMP) in the
presence of Mg?* and ATP[3] (Fig. 1). Re-
garding their sequence, molecular weight,
and feedback sensitivity, TKs have been
classified into two main groups, namely
typel and Il: the herpesviral thymidine ki-
nases are of the type |, also called long
TKs, while the poxviral and cellular
thymidine kinases belong to type |1, also
called short TKs [2][4]. Herpes simplex
type | thymidine kinase (HSV1 TK) isthe
representative enzyme of the type | thymi-
dine kinases and displays abroad substrate
acceptance phosphorylating both pyrimi-
dine as well as purine analogs featuring
modified sugar mimicry such asthe antivi-
ral drugs aciclovir and ganciclovir. Due to
this broader substrate diversity in compar-
ison to their cellular counterpart [5], they
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dT + ATP —» dTMP + ADP
Mg2+

In situ monitoring
with PET tracers

Fig. 1. Sketch of the medical-pharmaceutical fields in which HSV1 TK is involved. The structure of
the enzyme is shown as a ribbon diagram, substrate (thymidine) and co-substrate (ATP) are depict-
ed as stick models. The reaction converting thymidine (dT) in thymidine-monophosphate (dTMP) is
indicated. PET stands for Positron Emission Tomography.

represent a selectivity filter for antiviral

therapy [6] using aciclovir and its analogs.

More recently it emerged as a suitable sui-

cide gene to be used as safety tools for

stem cell transplantation (SCT) within
cancer therapy [7] and gene replacement
therapy [8] (Fig. 1). Furthermoreit reveals
itself asapowerful reporter geneforinsitu
monitoring of protein expression [9] and

localization of stem cells[10] (Fig. 1).
Hence our research focuses on the

characterization of the molecular mecha-

nism ruling the broad substrate specificity
of HSV1 TK compared to human cytoso-
lic TK in order to address the problem of
resistance towards antiviral compounds

and the clinical limitations such as im-

munogenicity and treatment incompatibil-

ity discovered during the clinical applica-
tion of the suicide gene approach based on

HSV1 TK/ganciclovir [11]. The achieve-

ment of this aim requires the following

approaches and methods the group has
specialized on:

e Exploration of the ligand binding
process by combining thermodynami-
cal measurements and structural infor-
mation [12-14].

e Structure-based site directed mutagen-
esis to understand the peculiar broad
substrate acceptance and engineer a
new suicide genethat istailor-madefor
novel drugs [15-19].

e Structure determination of the target
protein in complex with newly devel-
oped antiviral compounds [18][20][21].

¢ Knowledge-based homology modeling
of thymidine kinase and study of lig-
and binding by virtual docking
[22][23].

» Exploration of the catalytic character-
istics of HSV1 TK using quantum
chemistry methodology within the
density functional theory [24][25].

»  Synthesis of new compoundsto be used
in antiviral therapy and/or precursors
for the development of new positron
emission tomography tracers [26-28].

e Target- and functional-based assay for
assessing the efficiency in cell growth
inhibition of the engineered TK in
combination with several drugs
[18][29-32].

Inhibition of Tyrosine Kinase
Domain of Oncogenic Fusion
Protein: A Target-based Approach
to Combat Cancer

The generation of oncogenic fusion
proteins (OFP) represents a clear example
of a structurally abnormal protein being
specifically expressed in neoplastic cells
and causally linked to the process of ma-
lignant transformation. The hybrid genes
coding for OFP derive from chromosomal
translocations and fuse exons belonging to
different genes[33]. They could beidenti-
fied because the chromosomal alterations
that generate them involve large ex-
changes of genetic material, and could
therefore be detected using techniqueslike
conventional cytogenetics.

OFParecausally related to the process of
malignant transformation; in fact they are
sometimes the only cytogenetic abnormality
present, and the OFPs studied so far (Bcr-
Abl, Pml-/Rara, Npm-AlK) can induce simi-
lar tumors in transgenic animal s [34-36].
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It is aso important to note that these
proteins are not only responsible for the
transformation of cells, but are aso in-
volved in the maintenance of the trans-
formed phenotype. The development of
Gleevec as inhibitor of the kinase domain
of Ber-Abl clearly proved that when an
OFP can be effectively targeted, the ensu-
ing biological and pharmacological effects
are considerable [37].

More than 30 different OFP have been
identified and sequenced in the past 15
years, since the original cloning of the
9;22 translocation and the subsequent se-
guencing of the hybrid BCR-ABL gene
[38], present in Chronic Myelogenous
Leukemia(CML) and inaportion of Acute
Lymphoblastic Leukemias (ALL). OFP
are present in both leukemias and solid
tumors, spanning from acute leukemia to
thyroid papillary carcinoma and to
Ewing’s sarcoma.

Because of their causal relationship
with the process of malignant transforma-
tion, OFP represent important targets for
specific therapeutics attempts.

The research of the group focuses on
three different OFP with protein tyrosine
kinase (PTK) activity, Ber-Abl, Npm-AlK,
Ret (at least eight common somatic re-
arrangements result in fusions between the
N terminus of various proteins and the
PTK domain of Ret) [39]. The genes cod-
ing for these OFP cause Chronic Myeloid
Leukemia or CML, part of Acute Lym-
phoblastic Leukemia or ALL (Bcr-Abl),
the majority of Anaplastic large Cell Lym-
phomas (Npm-Alk), and multiple en-
docrine neoplasia 2A (MEN2A), MEN2B
and familial medullary thyroid carcinoma
(Ret) [39]. The total incidence of the can-
cers caused by these OFP is approximate-
ly 5 x 10%/year. These cancers are highly
aggressive, frequently incurable at pres-
ent, and can develop in children and young
adults, aswell as at an older age. The PTK
activity possessed by these OFP is funda-
mental for their transforming potency. Be-
cause of their biological (enzymatic) ac-
tivity, the targeting of the catalytic domain
of these proteins represents a rationa
strategy for developing new target-based
cancer drugs.

Theresearch of thegroupisaimed at ad-
dressing the following issues using the in-
terdisciplinary approach described earlier:
e Conformational plasticity and struc-

ture-based drug design [40][41].

» Therole of conformational changes of
target protein in respect to resistance
caused by mutations on the target
[42][43] (Fig. 2).

e Finding new lead compounds as in-
hibitorsto be devel oped into drug leads
(Fig. 3) combining experiments and
computational approaches as close as
possible.
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Fig. 2: Effect of a distant mutation H396P on the Bcr-Abl tyrosine kinase domain studied by molecu-
lar dynamic simulation. The X-ray structure of the wild-type tyrosine kinase domain of Bcr-Abl in com-
plex with its specific inhibitor Gleevec [44] is shown as a blue tube. Gleevec is displayed as a ma-
genta-capped stick model surrounded by its Van der Waals dot surface. The conformation of the wild-
type enzyme and the mutant H396P after 1 ns molecular dynamic simulation are depicted in cyan and
orange respectively. The side chain of tyrosine 253 and the highly conserved phenylalanine 382 of the
DFG motif are indicated as capped stick model and labeled. In agreement with a decreased binding
affinity of Gleevec for the mutated enzyme [45][46] the inhibitor does not fit properly within the bind-
ing site of the H396P mutant [43].

Fig. 3: Tyrosine kinase inhibitor binding to the Npm-Alk tyrosine kinase domain. The ligand is dis-
played as white surface while the surface of the enzyme indicating the binding site is shown in blue.
The ligand has been found through virtual screening and shows an IC, of 23 uM.
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The success stories in drug develop-
ment [1][37][47] show that working in an
interdisciplinary way combining bio-
chemical/biophysical studies, function-
al-based assays and chemistry with the
most recent computational modeling
techniques is a suitable approach to ad-
dress issues that are interdisciplinary in
nature such as discovery and develop-
ment of drugs for the highly complex
system, the human being [48][49]. By
this approach, we hope to give new op-
portunities to the scientific community
and companies by proposing new thera-
peutic concepts and supplying structural
information and lead structuresthat could
be further optimized.
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