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1. Introduction

After decoding the human genom, biomolecular chemiesearch has
brought in focus proteomics. The expansion of tidewange of proteins
discovered is still in full blast nowadays. Undarsting the function and
role of these biologically active proteins in thganism can be made on
the basis of smaller peptides. With these inforometi derived from
structure-function relationships, the necessargnetds for the activity of
a protein become recognizable. The primary preparabol for the
synthesis of model peptides, short protein frags)eniblogically active
peptides, peptidomimetics is the solid-phase peptliemistry. Since its
introduction, the solid-phase peptide chemistry Is&®wed major
iImprovements, and still there are sequences tlegigpation with standard
methods is problematic, especially those biolotycattive peptides that

contain post translational modifications.

During my doctoral work, | focused on the prepavatiof synthetic
peptides — mostly modified peptides — that camenite some biological
processes on a molecular level, and the folding@sses of proteins also
can be studied by these modified peptides.



2. Aims

The goal of my doctoral work was:

* The synthesis of urocortin 3 (Ucn 3) neuropeptidéhat effectively
regulates the stress response — and its fragmémsmed with targeted
deletion of amino acids to localize the active eemtf the molecule and
testing of these fragments in behavioural expertmen

* On the basis of the active center of the moleal#sjgn and synthesis
of analogues that keep or even improve the antdspre and anxiolitic
effect of the longer Ucn 3 peptide and have begtiearmacokinetic
properties, hereby could serve as potential phasngm the treatment of
depression and anxiety.

» Optimalization of the synthesis of neuropeptidexoréd and its testing
on water metabolism and secretion of vasopresgiatin

* The synthesis of peptides that can selectively iactthe signal
transduction pathways between the innate and agaptimune system
and could serve as drug candidates in the treatofedisorders of the
iImmune system:

0 Synthesis of the native scorpion toxins anuroct@ad Tc32 that were
iIsolated from the venom of the mexican scorpidmuroctonus
phaiodactylusand the venom of the brazilian scorpibityus cambridgei
respectively as potential blockers of the Kv1.3abhannels.

0 Synthesis and testing of point mutational analsgak these native
scorpion toxin peptides to design inhibitors of #el.3 ion channels
with increased selectivity that might be lead comqs for drugs that
can treat autoimmune diseases.

0 Synthesis of the C3a-derived C3a9 symmetrical ditmeconfirm the

presumption that the active C3a9 sequence is gresés dimeric form



while inhibiting allergic reactions and is stabdd with two

intermolecular disulfide bridges.

0 Synthesis of Gabl-derived phosphopeptides andr thepdified

analogues, their biotinylation and conjugation witkll-penetrating
peptides to study the role of these adaptor proteigments in the
regulation of the B-cell signaling pathways.

» The synthesis and conformational studieg-ohodel peptides (SETE-
peptides) and miniproteins (Betanova, Tc5b) thamick the protein

folding processes.
3. Experimental methods

For the preparation of the peptides and their déxies, standard organic
chemistry methods were used, mainly manual or miave-assisted
solid-phase peptide synthesis methods. The stestwere proved by
mass spectrometry analysis, mainly electro-spragization (ESI).
Purification and further analysis of the producesswnade with reversed
phase high performance liquid chromatography (RRE)P For
biological studies, bothn vitro and in vivo methods were applied.
Conformational analysis was made with the use ofRNMind CD-

spectroscopic data.
4. Results and discussion

4.1. Corticotropin releasing factor (CRF) has an imaottrole in the
activation of stress mechanism. Our earlier retesshowed, that
urocortin 3 — a 38 amino acid peptide — as membé#reoCRF family is
suitable for designing lead compounds for treatogpression and
anxiety.

The urocortin 3 (Ucn 3) neuropeptide and its fragtmewith targeted
deletion of amino acids were synthesized. Thes#igegpwere tested in
elevated-plus-maze test (EPM) and modified forcedmsning test



(FST). The active center of the molecule that preesethe antidepressive
and anxiolytic action of the longer sequence wamdoto be theC-
terminal Ala-GlIn-lle-NH tripeptide. On the basis of this Ucn 3 (36-38)
sequence, | designed and synthesized more than n28inly
peptidomimetic analogues. Most of these analoguaese hbeen
investigated in biological tests and some of théwomsed to be suitable
even for oral administration.

The preparation and the potential use in theramlepfession and anxiety
of the Ucn 3 fragments and analogues are protéstedir Hungarian and

international patents.

4.2. The oxidative folding conditions for the synthesfsorexin A were
optimized. The native isomer can be isolated as rtfagor reaction
product by using a polymer-supported oxidant thea€bx" resin within

two hours. The effect of Orexin A was tested onervatetabolisnin vivo

and on vasopressin secretiom vitro. It was found that
intracerebroventricular (i.c.v.) administration @fexin A enhanced the
food- and water-intake and urination of rats. Adoog to our results,
polidipsia and poliuria presumably are independ#nthe vasopressin-
system. Results oh vitro experiments suggested that moderating the
effect of compounds that increase vasopressin ts@travith orexins

could have a role in development of polidipsia,yrc.

4.3. Peptides that can selectively act in the sigraaddduction pathways
between the innate and adaptive immune system syertdesized. They
can serve as potential drug candidates in trediiifigrent immunological

diseases:

4.3.1.Several studiem vivo andin vitro underlie the essential role of K

channel blockers in prevention of T-cell activatiand proliferation



through the C# signal. In my work, | focused on the synthesis of

anuroctoxin (AnTx) and Tc32.

4.3.1.1.The AnTx was synthesized with high selectivityd dahe folding
conditions were optimized. The majority of the Anegeptide folds in
cyclic form with all four disulfide bonds in the mect form within 1
hour. The regioselectivity was verified with measuents that prove the
identity of the electrophysiological propertiestbé native and synthetic
toxin. The AnTx blocks the Kv1.3 channel in 730 pfdncentration,
although AnTxis not selective enougkince it also blocks the Kv1.2
channels with smaller affinitthan Kv1.3 channel.

Analogues of AnTx were designed to increase théimbn selectivity
for the Kv1.3 ion channels. Results of biologicakasurements of
analogues with single or double point mutation shioat selectivity of all
three toxins (AnTx F32T, AnTx F32TK16D, AnTx F32T1RA) are
increased compared to the wild-type toxin, andrtaginity to the Kv1.3
channels slightly decreased. AnTx F32T N17A, thestnadfective toxin
blocks 50% of the Kv1.3 channels in 1 nM concermmtwhile it has no
effect on the Kv1.2 channels in 100 nM concentmatio

Further measurements are needed to prove thatahieled triple, and
multiple mutants of the prepared analogues surpaisthe affinity and
selectivity of the native toxin, and accordinghjhey enhance the

possibility of their therapeutical use in treatanggoimmune diseases.

4.3.1.2.The preparation of Tc32 with oxidative folding acdnvergent
synthesis did not resulted in peptides with thdarddsdisulfide bridges.
The product of the stepwise, regioselective cystg@airings method did
not show the selectivity, because one of the chpsetecting groups did
not fulfiled the required orthogonality. The clegeaof the 8u group

failed in solid-phase with the methods known frame fiterature. The



cleavage of thetBu group in liquid phase with compounds having free
tiol group could have caused a scrambling of theulfide bridges.
According to the biological results, the differesynthetic methods
resulted in the same inactive isomer as main ptodlias points to
presumably innacurate previous determination of disalfide bridge
connections in the toxin Tc32. Henceforward, wen@aother protecting
group scheme with stepwise regioselective cystpamiangs method to

prove our presumption.

4.3.2.The C3a peptide blocks the activation of the maktge of mast
cells and the release of the content of the gramsuieh as histamine that
cause immediate hypersensitivity (allergic reagtion

In order to prove the presumption, that the dimdoom of C3a9
stabilized by intermolecular disulfide bridges issponsible for the
inhibition of allergic reactions, the symmetricaimér of the C3a9
peptide was synthesized with the stepwise regioseéecysteine pairings
method in high yield. The testing of the dimer cawpd in biological

systems is in progress.

4.3.3. The SHP-2 phosphatase has positive regulatorytiumdn cell
growth and hence this enzyme might be attractixgetan the therapy of
malignant cell growth. Our main goal was to synitteesell membrane
permeable phosphopeptides (,baits”) that could bihhihe growth of
tumors.

The GDLDpe (621-633) peptide that is derived frdra Gabl adaptor
protein and its shorter fragments and modified sagas were prepared.
Biotinylated peptides were used for measurementghefphosphatase
activity. In order to transport the chosen Gablveer peptides into the
living cells, they were conjugated with membranengsable carriers
through a linker (octanoyl-R8C). Our results suggethat the cell



penetrating phosphopeptides may regulate the GHPLZS and
Gab1/PI3-K interactions and modulate intracellgliginaling that lead to

cell proliferation and cell survival.

4.4.3-model peptides (SETE-peptides) and miniproteiretgBova, some
glyco- and phospho-analogues of Tc5b) were alsthegized. We found
that these peptides still show significant mobiliccordingly, further

modification is needed in order to obtain a moabl& structure. A single
structure can not correctly describe these modptiges, however we
managed to restrict the number of possibilitiesther SETE-S3E peptide.

This peptide could serve hereafter as a useful hfod@-hairpin studies.

Our results prove that modified biologically actigeptides with greater
selectivity and improved activities of the natiegusences can succesfully
be synthesized by careful selection of the sywthe#thods. Recent
studies on market research show that the potenisd of peptide
therapeutics has increased, so the modified bicklly active peptides

can be valuable alternatives of the small synthetug candidates.
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