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INTRODUCTION 

The application of peptide based bioconjugates in different therapies is becoming 

more and more significant. Their development to medicines requires a well 

characterized, standard structure and reproducibility. The conjugates could be used 

in the treatment of diseases affecting large populations worldwide, for example in the 

development of synthetic vaccines or in tumour therapy. Epitope peptides from virion 

protein envelope coupled to carriers may be effective antigens or have immunogenic 

activity that can be used as diagnostic tool or for immunization. These synthetic 

vaccines have the advantage over attenuated virus vaccines that their introduction 

would not cause viral infection. 

In the chemotherapy of cancers high doses of very cytotoxic agents are introduced 

to the human body which causes the destruction tumour tissues but besides, healthy 

tissues and organs might be also seriously affected. Targeted tumour therapy could 

make the chemotherapy highly tissue-selective. The applied conjugate would contain 

units recognized by specific tumour-related receptor. These targeting moieties can 

be coupled directly to the drug molecule or via a carrier molecule (Figure 1.) 

 

 
 

Figure 1: Schematic structure of a conjugate for targeted therapy 

 

In my PhD thesis I have studied the applicability of a synthetic oligopeptide carrier, I 

synthesised different compound families aiming the development of synthetic 

vaccines or antitumor drug-conjugates. 

OBJECTIVES 

Colleagues in the Research Group of Peptide Chemistry, HAS, Eötvös L. University 

have been using and developing branched chain polypeptides with polylysine 

backbone as carriers since the 1980s. Several derivatives and conjugates were 

synthesised and their chemical and biological characteristics were studied. The 

applicability of the oligotuftsin carrier developed by the Research Group was the 

major task I was assigned to during my PhD research. The use of this carrier is the 
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connection between parts of my work that sometimes may seem a loose bundle of 

bioconjugates with completely different biological activity. 

  

The analytical characterization of branched polypeptide carriers consisting of a 

polylysine backbone and oligo-D,L-alanine side chains elongated with various other 

amino acids is not yet solved, therefore I prepared a series of lysine oligomers that 

could serve as standards. The mass spectrometric analysis of these peptides could 

lead us to a novel analytical method in the measurement of the average molecular 

mass and mass distribution of polylysine polymers. 

 

Beside of the polymers which can not be always reproduced, and their structures not 

fully cleared, I intended to use and further develop an oligopeptide carrier to which 

various molecules may be coupled. Tetratuftsin was selected for further studies.  

 

The main goal of my work was the synthesis and characterization of efficient 

synthetic antigens derived from the glycoprotein D of Herpes simplex virus type I 

(HSV gD-1), that may be a promising candidate in the development of a vaccine 

against HSV (Figure 2.). The cyclization of the epitope derivatives could have a 

benefit in terms of stabilizing the spatial structure and providing better enzyme 

stability. Our previous experiments have shown that dimers of the linear epitopes do 

have better antibody recognition than the monomers, I planned to synthesise dimers 

of the cyclic peptides, too. The conjugation of these cyclic peptides to oligotuftsin 

carrier derivatives was planned, and similar to previous studies with linear epitopes 

their antibody binding properties compared. The results of the biological studies lead 

to the synthesis of new structures that contain 2 copies of a promiscuous T-cell 

epitope besides linear or cyclic epitopes of HSV gD1 to improve the immune 

response of the conjugate. 
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Figure 2: Derivatives of HSV gD-1 9-22 epitope 

 

Another main stream of my work was the preparation of bioconjugates used in 

targeted tumor therapy. Therefore, I designed conjugates containing a receptor 

recognition unit that include peptides coupled to an oligotuftsin type carrier aiming 

selective cellular uptake.  

The first study focused on chemotactic peptides attached to tetratuftsin carrier, 

where I intended to prepare a model compound that could be the basis of the 
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targeting of drug molecules by the aid of chemotaxis. I planned to study the effect of 

charge on the chemotaxis. The synthesised conjugates were to be examined on 

Tetrahymena pyriformis ciliated protozoa and THP-1 monocyte cells. 

A second study was planned to examine the tetratuftsin conjugates of GnRH-III 

hormone peptide having antiproliferative effects itself. This way such drug targeting 

construct can be gained that have antitumor activity. The study of the influence of 

conjugation type on the antiproliferative effect was also our aim.  

 

EXPERIMENTAL METHODS 

Synthesis:  solid phase Boc and Fmoc peptide synthesis, convergent solid phase 

synthesis, chemoselective ligation 

Purification:  semipreparative reverse-phase high performance liquid 

chromatography (RP-HPLC) 

Analysis:  reverse-phase high performance liquid chromatography 

  amino acid analysis 

Structural studies: MALDI-TOF mass spectrometry (MALDI-MS) 

   ESI mass spectrometry (ESI-MS) 

   circular dicroism spectroscopy (CD) 

Biological studies: chemotaxis studies on Tetrahymena pyriformis and THP-1 

monocyte cells 

 antibody binding studies on mAb A16 

cell proliferation assay on human breast (MCF-7, MDA-MB 231) 

and human colon carcinoma (HT-29) cell lines 

 

SYNTHESIS 
1. Synthesis of oligolysine peptide series 

The pentapeptide building block was synthesised by stepwise solid phase 

synthesis with Fmoc procedure on 2-chloro-tritylchloride resin. The protected 

peptide was removed from the resin with a mixture of AcOH, MeOH and 

DCM, followed by RP-HPLC purification. The pentapeptide fragment was then 

coupled on the resin with the use of BOP, HOBT and DIPEA coupling agents. 

The oligolysines (Lys5n, where n = 3-9) were cleaved from the resin with TFA 
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in the presence of 5% water as scavenger, then purified by RP-HPLC and 

characterized by MS and amino acid analysis. 

2. Synthesis of derivatives and conjugates of HSV gD-1 epitope 

The derivatives of the HSV epitope were synthesised by solid phase synthesis 

either on a peptide synthesiser (Fmoc chemistry) or manually with mixed 

Fmoc and Boc chemistries. The precursor peptides were in all cases purified 

by RP-HPLC. The cyclic peptides with thioether bonds were prepared in 0.1M 

Tris buffer solution (pH 8) and the purified cyclic peptides were dimerized with 

Tl(tfa)3 in TFA solution in the presence of anisole. The monomer cyclic 

peptides were produced from their dimer forms by reduction with DTT (pH 8 

buffer solution). The oligotuftsin carrier was synthesised on MBHA resin with 

Boc methodology, 4 lysine side chains were chloroacetylated with 

chloroacetic acid pentachlorophenyl ester in DMF. The carrier peptided was 

cleaved from the resin with HF (Ac-[TKPK(ClAc)G]4-NH2) and applied after 

purification in the conjugation reaction. The chemical ligation was performed 

in a pH 8.3 buffer solution. The carrier was dissolved in the buffer and the 

cysteine containing peptide was added to the solution in small portions. The 

reaction was followed by analytical HPLC. 

3. Synthesis of conjugates with chemotactic peptides 

Following conjugates were prepared: Ac-[TKPK(fMLF)G]4-NH2; Ac-

[TK(For)PK(fMLF)G]4-NH2; Ac-[TK(Succ)PK(fMLF)G]4-NH2; Ac-

[TKPK(fMMM)G]4-NH2; Ac-[TKPK(fNleLF)G]4-NH2, Ac-GFLGK(Ac-GFLG)-

[TKPK(fMLF)G]4-NH2. The oligotuftsin carrier was synthesised on MBHA resin 

with Boc chemistry, then the resin was divided to four parts and synthesis 

continued separately. Chemotactic peptides in branches were introduced by 

Fmoc chemistry, while the GFLG spacer on the N-terminus with Boc 

chemistry. The peptides were cleaved with HF followed by purification using  

RP-HPLC. The charge of lysine side chains were modified by formylation or 

succinylation of the Ac-[TKPK(fMLF)G]4-NH2 derivative. 

4. Synthesis of GnRH-III derivatives 

The oligotuftsin-GnRH-III conjugate containing only amide bonds as well as 

GnRH-III peptide derivatives were prepared by manual solid phase peptide 

synthesis on MBHA resin with mixed Boc and Fmoc technique. The side chain 
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protecting groups were cleaved in two steps (TFA and HF, with corresponding 

scavengers). The peptides were removed from the resin under the HF 

cleavage condition. The chloroacetylated carrier was prepared as written 

above, introducing the GFLG spacer into the side chain. This was then used 

for conjugation to the cysteine containing GnRH-III derivative by 

chemoselective ligation method (thioether bond). The GnRH-III derivatives 

were dimerized and conjugated in 0.1M Tris buffer (pH 8.5). All products were 

characterized with HPLC and MS. 

RESULTS  

1. Mass spectrometry was introduced as an analytical method for the 

characterization of polymers. I prepared a series of oligolysine peptides (15, 

20, 25, 30, 35, 40, 45 residues) as controls for this study. With the help of this 

standard peptide series we tried to make suggestions for the usage of mass 

spectrometry in the determination of average molecular weight and mass 

distribution of polylysine polymers. We concluded from our experiments that 

the chain length values (minimum and maximum) may be well detected, which 

allows us to estimate the average molecular weight. The precise values can 

not be concluded though, because the maximum of bell-shaped curve 

depends on the concentration. More experiments are needed to validate this 

method. 

2. My other experiments included the usage of the tetratuftsin carrier developed 

in our laboratory. This carrier is well-characterizable, water-soluble, 

biodegradable, non-toxic, and non-immunogenic and has an 

immunostimulatory effect which is an advantage in synthetic vaccines or 

antitumor conjugates. 

I prepared six large cyclic peptides from HSV gD 9-22 epitope. I synthesised 

dimers form 4 cyclic peptide and two of them (containing Nle in the 11 position 

instead of Met) were conjugated to tetratuftsin carrier. I concluded that the 

replacement of Met by Nle does not affect the antibody recognition of the 

compound. The cyclic peptides having a spacer sequence introduced had 

lower binding capacity depending on the position of this spacer. On the 

contrary, dimerization of cyclic peptides increased the recognition by 

monoclonal antibodies. The conjugate in which the cyclic peptide was coupled 
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via a branching to the carrier showed excellent binding nearly reaching the 

binding activity of the linear 9-22 epitope peptide. 

The novelty in the synthesis of these conjugates is that both cyclization and 

conjugation occurred via thioether linkage with the application of orthogonal 

Cys side chain protection.  

Immunization studies with the most effective linear and cyclic epitope 

containing conjugates were planned, for this experiments I prepared their 

derivatives where a promiscuous T-cell epitope was introduced. The 

molecular weight of the prepared conjugates approaches 15 kDa which is the 

weight region of smaller proteins. The structure studies by CD spectroscopy 

proved the similarity of the conjugates’ structures. These conjugates will be 

submitted to immunization experiments with mice (these work is beyond my 

PhD work). 

3. My work concerning the targeted tumour therapy included the synthesis of 

structures with tetratuftsin carrier and specific receptor ligands. One type of 

targeting moieties is the family of chemotactic peptides. We examined the 

chemotaxis of  formyl-peptide conjugates (H-[TKPK(For-MLF)G]4-NH2, H-

[TKPK(For-NleLF)G]4-NH2, H-[TKPK(For-MMM)G]4-NH2) on Tetrahymena 

pyriformis ciliated protozoa and THP-1 tumorous monocyte cells. I 

synthesised compounds differing in their charge (H-[TK(For)PK(For-MLF)G]4-

NH2, H-[TK(Succ)PK(For-MLF)G]4-NH2) with which we could study the effect 

of charge on the chemotaxis of the tetratuftsin derivatives. Conjugates 

prepared after my work included methotrexate ({Mtx-GFLGC-NH2}CH2CO-

K({Mtx-GFLGC-NH2}CH2CO)-[TKPK(For-MLF)G]4-NH2). Studies of the toxicity 

on THP-1 cells with these derivatives proved these molecules as candidates 

for chemotactic drug targeting (CDT). 

4. GnRH-III derivatives were conjugated to oligotuftsin carrier in order to 

maintain the biological activity of the hormone peptide and showing targeting 

capabilities. GnRH-III (Glp-His-Trp-Ser-His-Asp-Trp-Lys-Pro-Gly-NH2) was 

coupled through its C terminus and a GFLG enzyme labile tetrapeptide spacer 

directly to the tetratuftsin carrier’s side chains. In the other synthetic route, a 

cysteine was coupled to the side chain amino group of the lysine and its thiol 

group was used in the chemoselective ligation to the choloracetylated 
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oligotuftsin derivative. In this reaction the formation of large amounts of the 

dimer by-product was observed. This side-reaction could be avoided by the 

acetylation of the amino group of the cysteine. The dimers along with the 

conjugates were also tested in antiproliferation assays. These experiments 

showed that the conjugates are less effective on humane breast cancer 

(MDA-MB 231) and humane colon carcinoma (HT-29) cells than the dimer 

derivatives. The acetylation of the amino group of cysteine increased the in 

vitro antitumor effect of the GnRH-III dimer on MCF-7 (humane breast) and 

HT-29 cells. Further advantage of the dimers is their relatively low endocrine 

effect compared to the GnRH-III peptide. These dimers can be thus 

considered as more selective antitumor agents and good candidates for 

targeted drug therapy. 
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