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I. Introduction and aims 

The continuously growing interest in the understanding of peptide folding led to 

the conformational investigation of methylamides of N-acetyl-amino acids as 

diamide models. These amino acid derivatives are the simplest compounds which 

include the essential structural elements (“dipeptide unit”) of a polypeptide 

backbone and have been the subject of extensive spectroscopic (FTIR, VCD, 

ECD, NMR) and theoretical analysis. Despite numerous experimental and 

computational studies the conformational arrangement of dipeptide units is still 

not clear in all details. It is of advantage to extend the series of the diamide 

peptide models with β-amino acid containing diamide compounds. The 

conformational preference of alanine, phenylalanine and proline containing 

diamide compounds as a function of the ambience was observed by a number of 

chiroptical spectroscopic techniques, such as VCD, ECD, ROA and Raman 

spectroscopy (only in the case of proline diamides). Here, I report the results of 

detailed conformational analysis on five diamides using experimental and 

computational methods. 

Proteins and enzymes have a multitude of roles in biological, medical and 

industrial processes. Revealing their characteristics that enhance and damage their 

structure and stability is hence of particular interest. Considering the impact of UV 

irradiation on the structure and function of proteins, it is a matter to resolve the 

conditions of photolysis more deeply. Recently there is also a growing interest in 

the research considering the impact of UV irradiation on the structure and function 

of proteins and peptides. As models, oligopeptides were designed to study the UV-

light mediated disulfide scission. The major goal was to prove and quantify the 

photochemical splitting of disulfide bridge with thiol-specific fluorescent label 

(CPM) by fluorescence spectroscopy. 
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II. Applied methods 

Six diamide peptide models (Ac-α-Aaa-NHMe and Ac-β-HAaa-NHMe, Aaa: Ala, 

Phe, Pro) were prepared from the corresponding N-Boc-α-amino acids in solution 

phase and characterized with ESI-MS. These compounds were analysed by 

experimental and computational methods, the conformational distributions 

obtained by DFT calculations for isolated and solvated diamide compounds are 

discussed. The conformational preference of alanine, proline and phenylalanine 

containing diamide compounds as a function of the ambience was observed by a 

number of chiroptical spectroscopic techniques, such as VCD, ECD, ROA, Raman 

spectroscopy (in two cases), and additionally by single crystal X-ray diffraction 

analyses in the case of proline derivatives. During the detailed spectroscopic 

analysis solubility and calculation problems occurred therefore, spectroscopic 

measurements and assignment were not successful in all cases (FT-IR, VCD: 

ACN-d3, DMSO-d6, DCM; ECD: ACN, H2O, TFE; Raman and ROA: H2O). In 

order to help the assignment of VCD spectra robustness of VCD modes was 

determined. 

Thirteen linear peptides were synthesized on Rink Amide MBHA resin using 

conventional Fmoc/
t
Bu chemistry. The crude peptide (purity >80 %) was cyclized 

by air oxidation in water at pH 7.8-8 (NH4HCO3) and the cyclization was followed 

by RP-HPLC. After the purification, the cyclic peptides were identified by RP-

HPLC and ESI-MS. Additionally four linear precursors and six peptide-CPM 

adducts were synthesized. All peptides and peptide derivatives were purified by 

RP-HPLC. Preliminary conformational analyses were performed on peptide series 

by molecular mechanics calculations in vacuum in order to find well designed 

cyclic peptides. The application of such cyclic models in the investigation makes 

it easier to clarify the photochemical mechanism. Ideal small peptide models were 
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defined by the distance in small peptide models between aromatic ring and the 

disulfide bridge and between the centroid of aromatic ring of Trp, Tyr, Phe and the 

cationic side chain of Arg and Lys, which should be ~4-7 Å and ˂ 6 Å, 

respectively. The Trp-mediated photolysis of disulfide bridges has these structural 

criteria and the optimal models fulfil the both criteria. Considering the MM 

calculations a series of cyclic model peptides (Ac-(CAWAC)-NH2, Ac-

(CWKAC)-NH2 or Ac-(CWAKC)-NH2 and Ac-(CWAGC)-NH2 and their 

analogues with Tyr, Phe and the absent Val, latter as a non-aromatic blank model) 

were synthesized. Theoretically, according to the W-SS distance and the presence 

of Lys, order could be set up of the evolved sulfhydryl-amount. Fluorescence 

measurements of the above mentioned Trp containing cyclic peptides were 

performed to give information about Trp-SS bridge quenching. 

The photolytic degradation (irradiation at 280 and 290 nm) was followed by 

measuring the number of evolved sulfhydryl groups as a function of the light 

energy absorbed and by increased fluorescence emission of S-CPM 

photoproducts. After irradiation HPLC-MS/MS analysis were performed to detect 

secondary photoproducts. In order to analyse the real conformational behaviour of 

the models NMR spectroscopic investigations combined with calculations were 

performed as well. 

In order to estimate the amount of energy transfer from the excited Trp to the 

coumarin ring (FRET) in the peptide adduct the emission spectra of the isolated 

adducts were measured. Peptide adducts were analysed by tandem mass 

spectrometry to monitor and identify sulfhydryl groups in peptides. 
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III. New Scientific results 

1. 

According to the calculations of Ac-β-HAla-NHMe in DMSO solution significant 

difference occurred in comparison with the structures calculated in the vacuum 

state. In the gas phase more conformers were obtained than in solution phase, 6 

local minima (six- and eight-membered pseudoring structures and strained 

structures with no intramolecular H-bonds) could be distinguished in solution 

instead of 12 in vacuum. In the Amide I region of the VCD spectra the 

discrepancy between the calculation and the observed spectra could most probably 

be interpreted by the nonrobust VCD modes. Based on the ECD analysis in ACN, 

the conformer with C6 pseudoring structure (B1) has been unambiguously 

identified in ACN solution as well. 

 

2. 

In ACN two main conformers (βL(a) and βL(g–)) of Ac-α-Phe-NHMe derivative, 

while in DMSO three conformers (εL(g–), βL(a), and βL(g–)) could be identified. 

In the case of β-HPhe diamide, H-bonded C6, C8 pseudoring structures and 

extended forms were found as individual conformers. In the Amide I region the 

observed and computed VCD spectra of Phe diamide models obtained in both 

solvents do not agree well. Possible explanations for the discrepancy are (i) the 

two Amide I bands of the main conformers result from intensive nonrobust VCD 

modes according to the calculations, (ii) the solvent may be coordinated in a 

specific alignment (effect of the coordination on the rotatory strengths), therefore 

not the lowest-energy conformer but the second conformer is predominant. The 

ECD spectrum of Ac-α-Phe-NHMe coincides with the measured spectrum of  

Ac-β-HPhe-NHMe. In both spectra overlapping transitions (aromatic and amide) 

were seen. 
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3. 

The spectroscopic research of proline containing diamide compounds 

demonstrated the most significant conformational differences between α-Pro and 

β-HPro diamide systems in various environments. 

In the current investigation, it has been shown that trans form of Ac-α-Pro-NHMe 

dominates in all media. The X-ray crystal structure of Ac-α-Pro-NHMe 

corresponds to conformer, tαL–, which is the most abundant conformer in ACN, 

DMSO and H2O. In the least polar solvent (DCM), the most populated conformer 

is a C7 intramolecular H-bond stabilized γ-turn structure, tγL–. In vacuum tαL– is 

not a stable conformer, as it converged to conformer tγL– during optimization. 

The X-ray geometry of Ac-β-HPro-NHMe does exist neither in Ar and Kr matrix 

nor solution-phase. The molecules in the crystal are bound together through  

N–H···O intermolecular hydrogen bonds to form a strand-like packaging structure 

with trans Ac-β-HPro amid bond. Contrary to Ac-α-Pro-NHMe, in the case of  

Ac-β-HPro-NHMe, water seems to induce a strong preference for conformers with 

cis peptide bond on the N-terminal amide group. The most abundant conformer in 

water is Cc– with cis Ac-βHPro peptide bond that was also found major 

conformer in DMSO and ACN. 

One further outcome was that the solid-state ECD spectrum can be identified by 

only one structure, derived from the X-ray crystal geometry, which can be used in 

the TD-DFT simulation. In contrast to solid-state ECD analysis, the results 

showed that IR and VCD spectra obtained in KBr can only be interpreted as a 

contribution of multiple conformers. My studies have also showed that the 

interpretation of solid-state IR and VCD of flexible diamide compounds should be 

done carefully. 
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4. 

Ideal small peptide models were defined by the distance in small peptide models 

between aromatic ring and the disulfide bridge and between the centroid of 

aromatic ring of Trp, Tyr, Phe and the cationic side chain of Arg and Lys, which 

should be ~4-7 Å and ~5-8 Å, respectively. The Trp-mediated photolysis of 

disulfide bridges has these structural criteria and the optimal models fulfil the both 

criteria. Considering the MM calculations a series of cyclic model peptides  

(Ac-(CAWAC)-NH2, Ac-(CWKAC)-NH2 or Ac-(CWAKC)-NH2 and  

Ac-(CWAGC)-NH2 and their analogues with Tyr, Phe and the absent Val, latter as 

a non-aromatic blank model) were synthesized. Theoretically, according to the 

W-SS distance and the presence of Lys, the following order can be set up for the 

evolved sulfhydryl amount: Ac-(CWAGC)-NH2 < Ac-(CWKAC)-NH2 < 

Ac-(CAWAC)-NH2. 

Based on the fluorescence measurements Ac-(CWAKC)-NH2 peptide showed the 

highest quenching effect compared to Ac-Trp-OMe. The experimental results 

differ considerably from the prediction of MM calculations. This discrepancy can 

be explained by the fact that MM calculations were performed in vacuum and not 

in solvent. 

 

5. 

Irradiation analysis of cyclic model peptides showed that the amount of evolved 

sulfhydryl groups is not related to either aromatic aminoacids or optimal structural 

criteria. The distances between the aromatic ring and the disulfide bridge, and the 

aromatic ring of Trp, Tyr, Phe and the cationic side chain of Arg and Lys 

determined by NMR and MM calculations were in good agreement. It could be 

concluded from the calculations and spectroscopic analysis that such small 
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peptides exist as a contribution of multiple conformers and the critical distances 

could vary in a quite wide range. 

 

6. 

The fluorescence measurements of peptide-CPM adducts showed that FRET from 

Trp to Cys-attached CPM probe has no effect on fluorescence measurements so 

the FRET effect does not disturb the fluorescence measurement of evolved 

sulfhydryl groups (fluorescence intensity of the peptide-CPM adduct) by 

irradiation. On the other hand, due to the spectral properties of CPM-adducts 

distances of fluorophores cannot be determined using FRET. 

One outcome of the tandem mass spectrometry analysis of peptide-CPM adducts 

is that CPM tagging combined with tandem mass spectrometry could have 

multiple advantages to monitor and identify sulfhydryl groups in peptides. A 

unique reporter ion (m/z 435) containing CPM moiety, as well as characteristic 

sequence ions bearing the CPM tag is generated by CID during MS analysis, 

offering an excellent tool for a sensitive localization of sulfhydryl groups. 

 

IV. Significance of the new results 

In the course of my investigations, various models were synthesized and analysed 

by experimental and computational methods. The analysis of conformational 

arrangement of such models could help us in understanding the structure of 

peptides or in designing peptides of specific structures. The experimental results 

can help to clarify the photochemical mechanism and to resolve the conditions of 

photolysis more deeply. 
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