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Introduction  

In the case of in vitro and in vivo biological studies the solubility of the compounds to be 

measured (for example biologically active -sheet peptides) is a very important factor. In 

several cases binding studies are based on biotin labeled peptides, but the biotinylation 

decreases the solubility of the conjugate. The use of biotinylated hydrophobic peptides can 

obstruct the binding process, because the biotin coupling causes steric hindrance during the 

binding studies, and this effect can prevent the peptide-receptor interaction. To avoid the 

steric hindrance, biotinyl-6-aminohexanoic acid is used, but this moiety causes lower 

solubility. To increase solubility a polyethylenglycol spacer would have been an plausible 

choice, but these compounds are polydisperse systems, the polyethylenglycols have only 

average molecular mass, and this makes their characterization difficult. 

 

Objectives 

 

My objectives are, to create biotin containing peptide conjugates with the use of 

oligoethyleneglycol spacers. The biologically active test peptides for this project derived from 

human IgG, because the biotinylated form of these peptides is used in ELISA studies. The 

oligoethyleneglycol spacers are based on 3,6,9-trioxaundecane-1,11-dioic acid (TEG) and 

4,7,10-trioxa-1,13-tridecanediamine (TTD).  

 

Strategy 

I have created biotinylated peptide conjugates, which have olygoethylenglycol spacer –

instead of biotinyl-6-aminohexanoic acid – molecule between the biotin and peptide. My 

work consists of 3 steps. 

I.)  Synthesis of H-C(Acm)VVVDVSHEDP-NH2 (CP), H-VVDVSHEDP-NH2 

  (VP), H-EVTC(Acm)VVVD-NH2 (ED) peptides 

II.) Synthesis of olygoethyleneglycol spacers, and examination of their cytotoxic 

effect.  

III.) Synthesis of soluble biotinylated peptide conjugates with olygoethyleneglycol 

  spacers, and solubility measurements. 

 

 



 

I.) 

The H-C(Acm)VVVDVSHEDP-NH2, H-VVDVSHEDP-NH2, and H-

EVTC(Acm)VVVD-NH2 test peptides are form the Fc region of IgG. Their synthesis is 

difficult, because these peptides are liable to aggregation. I have synthesized these peptides 

manually with Boc / Bzl strategy using PyBOP / HOBt coupling reagents, and automatically 

in peptide synthesizer with Fmoc / tBu strategy using DIC / HOBt coupling. The cleavage 

procedure was performed with TFA / water mixture in Fmoc / tBu strategy, and liquid 

hydrogen-fluoride in the case of Boc / Bzl startegy. 

  

II.)  

 In the synthesis of oligoethyleneglycol spacers the goal was the amino-acid type 

structure. For starting materials, I have used commercially available 3,6,9-trioxaundecane-

1,11-dioic acid (TEG) and 4,7,10-trioxa-1,13-tridecanediamine (TTD). 

 In case of 3,6,9-trioxaundecane-1,11-dioic acid (TEG) the protection of the N-

terminus was achieved with the use of Boc- and Fmoc-protected ethylene-diamine. The amide 

bond between the diacid and the diamine was achieved with the use of N,N-dicyclohexyl-

carbodiimide (DCC). To avoid side-products, the synthesis of mono-protected 3,6,9-

trioxaundecane-1,11-dioic acid was an obligatory step. I have used a monoestherification 

method based on Dowex ion-exchange resin to create mono-protected butyl-ester of 3,6,9-

trioxaundecane-1,11-dioic acid. This ester can be coupled to the protected diamine 

unequivocally. The butyl protecting group was hydrolyzed in alkaline conditions.  

 In case of 4,7,10-trioxa-1,13-tridecanediamine, the synthesis of amino-acid structure 

was performed in an alternative route. In solution phase peptide chemistry the anhydrides are 

frequently used. With the use of cyclic anhydride (for example succinic-anhydride) for the 

acylation of an amine group, beside the amide bond a carboxylic group is also formed. In this 

case the amino-acid structure can be achived without the use of temporary protecting groups. 

The isolated zwitterion form can be protected with Fmoc or Boc protecting groups. 

The cyctoxicity measurement of the unprotected olygoethylene glycol spacers was performed 

on human PBMC cells. 

 

 

 

 



III.)  

 The synthesis of biotin containing peptide conjugates was performed in various ways. 

As the building blocks are coupled with amide-bond, this makes it possible to prepare longer, 

more hydrophilic biotinylating reagents, by step wise synthesis. a) I have created 

„biotinylating reagents”, which contain biotin and 1, 2 or 3 olygoethylenglycol parts. These 

moieties were coupled to the N-terminus of the test peptides. b) the protected 

oligoethyleneglycol building blocks were coupled to the peptides, and after removing the 

protecting groups, the free amino group was biotinylated.  

 

Applied methods 
 
For the synthesis of oligoethyleneglycol spacers I have used general organic chemistry 

methods. The new oligoethylene glycol spacers were coupled with coupling reagents 

frequently used in peptide chemistry. The purification and solubility studies were performed 

on RP-HPLC system. For the characterization of the products mass spectrometry and amino 

acid analysis was used. 

 

Results 

 

1.) I have synthesized H-C(Acm)VVVDVSHEDP-NH2, H-VVDVSHEDP-NH2 and H-

 EVTCVVVD-NH2 test peptides, and their biotin and biotinyl-6-aminohexanoic acid 

 modified conjugates.  

2.) I have developed a method to achieve mono-butylated 3,6,9-trioxaundecane-1,11-dioic 

 acid moiety with a selective transesterification method based on Dowex ion-exchange 

resin. 

3.) I have synthesized olygoethyleneglycol spacers, based on 3,6,9-trioxaundecane-1,11-

 dioic acid and 4,7,10-trioxa-1,13-tridecanediamine. The amino group formation in the 

 case of 3,6,9-trioxaundecane-1,11-dioic acid was performed with protected ethylene 

 diamine.  

4.) In case of 4,7,10-trioxa-1,13-tridecanediamine the amino acid structure was 

 achieved with succinic anhydride. The resulting zwitterion makes it possible to avoid 

 side-product formation.  

5.) The preparation of protected oligoethyleneglycol spacers is simple, economical, and 

 does not require any special equipment. The synthesis is based on the most commonly 



used reagents and solvents. These spacers can be coupled in one step to peptides, 

proteins, amino group containing drug molecules.  

6.) I have synthesized a new set of biotin containing peptide conjugates, whose 

 solubility is higher than that of the commonly used biotinyl-6-aminohexanoic acid 

conjugates. 

7.) I have created biotinylated conjugates with two methods. a) I have synthesized the 

biotinyl-oligoethylenglycol part on solid phase, and this „biotinylating reagent” was 

coupled to the N-terminus of test peptides. b) I have coupled the protected 

olygoethlyeneglycol building block to the peptide, and after removing the protecting 

group I have biotinylated the free amino group. 

8.) I have examined the effect of multiple (1, 2, 3) oligoethyleneglycol parts on the 

solubility of the test peptides. Since the oligoethyleneglycol spacer have protecting 

 groups, this makes it possible to create longer biotinylating reagents by step-wise 

 synthesis.  

9.) I have examined the solubility of the new conjugates with RP-HPLC method, and 

 the measurement of saturated solution of compounds. The solubility studies showed 

 that while biotin and especially biotinyl-6-aminohexanoic acid decreases the solubility 

 of the peptides in water, our new biotinyl-oligoethyleneglycol containing peptide 

 conjugates showed an increased solubility. Biotinyl-oligoethyleneglycol-peptides 

 have more than two-fold improvement of solublity than the biotinyl-6-aminohexanoic 

 acid modified peptides.  

10.) I have examined the cytotoxic effect of the unprotected oligoethyleneglycol spacers on

  human PBMC cells. The spacers does not shows cytotoxic effect during 0,5 M 

 concentration. 

 

 

 The importance of my studies lies in developing a new set of oligoethyleneglycol 

based compounds which can favorably affect the solubility of peptides or drugs labeled with 

it. The production of these reagents and their attachment to peptides may open new paths 

towards immunodiagnostic and therapeutic procedures. 
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