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1. Introduction, aims 

 
Tuberculosis (TB) is one of the most common infectious diseases. One third of the 

world’s population is believed to be latently infected with Mycobacterium tuberculosis, the 

causative agent of TB. In the case of immunsupressed individuals (e. g. HIV patients) the risk 

of M. tuberculosis infection and developing the disease is greatly increase. BCG vaccination 

is not effective in life-long preventing of TB. Resistance against the clinically used 

antituberculars often appears and the therapy of TB caused by resistant bacteria is longer and 

more expensive. According to the fact sheet of the World Health Organization (WHO) two 

million people die in TB every year [1]. 

Due to the complex cell wall, M. tuberculosis is a very successful pathogen and it can 

survive under extreme conditions. The slow-growing organism is resistant to many 

antibiotics. The survival and persistence of M. tuberculosis depends on its capacity to 

manipulate the elimination of the host immune system. The pathogen can remain in infected 

macrophages in dormant (latent) phase for over years and decades.  

The early diagnosis of infection is important to control tuberculosis. The measurement 

of a certain immune response can be used in the diagnosis of M. tuberculosis infection. The 

predominant method of detecting TB is the tuberculin skin test (TST), using PPD (purified 

protein derivative). BCG vaccination results a false-positive response in many recipients, 

therefore this method is not reliable to distinguish positive results due to infection versus a 

false-positive test from prior vaccination. In the case of immunsuppressed individuals TST 

often gives false-negative results.  M. tuberculosis infection causes a relevant cellular immune 

response which can be determined on peripheral blood samples of patients by IFN- release 

assays (IGRA). The specificity and sensitivity of the IGRA tests depends on the applied 

stimulating agents. Immundominant proteins, T-cell epitope peptides and conjugates can be 

used as antigens.   

First aim of this thesis was the synthesis of peptides and peptide conjugates which can 

induce optimal T-cell response therefore can be used in IFN-  release assays.  

The 16kDa protein is highly expressed by M. tuberculosis in dormant phase, under 

oxygen deprivation. This protein plays a key role in the survival of the pathogen. Systematic 

epitope mapping of 16kDa protein was evaluated in our research group and the functional T-

cell epitope was determined in the 91-104 region [2]. Synthesis and evaluation of in vitro 

functional activity of peptides corresponding to the 91-104 sequence was planned. 
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Antigenicity of epitope peptides can increase by conjugation to carrier peptides. T-cell 

epitope peptide derivatives of 16kDa protein was planned to conjugate to oligotuftsin and 

polymer based carrier molecules. The in vitro effect of the conjugates was planned to study in 

different donor groups.  

Two recently identified antigens lacking in BCG, Rv2654 and Rv1733c proteins, induce 

M. tuberculosis specific IFN-  response. The aim of this thesis was the epitope mapping of 

these proteins using overlapping synthetic peptides. The in vitro antigenicity of the peptides 

was planned to determine on PBMC (peripheral blood monomorphonuclear cells) of PPD 

positive healthy individuals and active TB patients.   

New analytical method for monitoring the cysteine content in synthetic peptides (used 

also in the conjugation reaction) was planned to develop. Cysteine is sensitive to oxidation. 

The oxidative dimerization may undergo during the synthesis or the analysis, therefore 

quantifying the homogeneity of cysteine containing peptides presents several difficulties. 

Therapy of tuberculosis takes at least six months and the used antituberculars have 

serious side effects. The clinically used antibiotics have low effect against intracellular 

(dormant) bacteria. The uptake of antituberculars is primarily limited by the extracellular 

diffusion. The optimization of the cellular uptake by infected macrophages can decrease the 

used dosages and the length of the therapy. This would lower the side effects and the cost of 

the therapy. According to the literature [3, 4] the cellular uptake of the antitubercular agents 

can be enhanced by drug delivery systems. Therefore the synthesis of biologically active and 

well characterized peptide based conjugates of izoniazid (INH), p-aminosalicylic acid (PAS) 

and pyrazinamide (PZA) was planned.  

The development of novel antimicrobials to counter the emergence of bacteria resistant 

to current therapies is urgently needed. In silico docking methods and structure-based drug 

design are useful bioinformatics tools for identifying new agents. At the Department of 

Computer Science in Eötvös L. University, the research group of Dr. Vince Grolmusz 

developed a new docking algorithm. This method can be used to (i) analyze the structure of 

crucial bacterial enzymes for possible binding sites, (ii) generate candidate molecules, (iii) 

dock these molecules with the target and (iv) rank them according to their binding affinities. 

The in vitro antibacterial effect of the in silico identified agents was planned to determine on 

M. tuberculosis and M. kansasii bacterial strains. Cytotoxicity and the cytostatic effect of the 

molecules was also planned to evaluate. Suitable derivatives of the drug candidates were 

conjugated to peptide based carrier molecules on purpose to enhance the cellular uptake.  
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2. Methods 

2.1. Synthesis and characterization 

T-cell epitope peptides and carrier molecules were prepared manually or by automated 

peptide synthesizer on solid phase using Fmoc/tBu and Boc/Bzl strategy. 16kDa protein 

derived peptide conjugates were synthesized using cysteine elongated 91-106 peptide. 

Dimerization studies were evaluated in order to determine the proper condition for the 

conjugation. The peptide 91-106, elongated with cysteine, was conjugated via thioether bond 

to chloroacetylated oligo- and polypeptide based molecules. As carriers branched chain 

polypeptides (poly[Lys(Seri-DL-Alam)] (SAK), poly[Lys(Glui-DL-Alam)] (EAK), where 

m 3,5 and i 1) and OT20 tetratuftsin derivative were used. 

To conjugate INH, two synthetic methods were developed: (i) INH was coupled in 

solution to peptide-aldehydes, originated from selectively oxidized serine elongated peptides; 

(ii) or through a heterobifunctional reagent, when INH was derivatized with glyoxylic acid 

and coupled to free amino groups of peptides on solid phase.  
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p-Aminosalicylic acid was conjugated through its carboxylic group to the N-terminus of 

carrier peptides on solid phase using standard DIC/HOBt coupling reagents. 

Pyrazincarboxylic acid (PZC) was coupled to N-terminus or lysine -amino group of carrier 

peptides via amide bond on solid phase. DUT69 molecule was conjugated to the aminooxi-

derivative of the carrier peptide through oxime bond. The hydroxyl group of DUT44 

compound was esterified with glutaraldehyde. The conjugation of DUT44 derivative was 

carried out on solid phase to the N-terminus of carrier peptide.  
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The purification of crude peptides and peptide derivatives was carried out by high 

performance liquid chromatography (HPLC) using semi-preparative method. Purified 

peptides were characterized by analytical RP-HPLC, mass spectrometry and amino acid 

analysis.  

The cysteine content of the synthetic peptides was monitored by N-ethylmaleimide 

method. The free thiol group of a cysteine reacts with N-ethylmaleimide to form a stable 

adduct in the peptide. The reaction is very fast and quantitative under neutral or slightly basic 

condition. The resulted succinimide derivative was clearly separated from the starting 

material in every case. The products were identified by ESI mass spectrometry. The 

quantification of the homogeneity of the peptide was evaluated by the calculation the area 

under the peaks. 

 

2.2. In vitro functional assays 

The immune response of the T-cell epitope peptides was studied on PBMC of blood 

samples from different donor groups: (i) PPD negative healthy donors (no latent infection or 

tuberculosis); (ii) PPD positive healthy subjects (no active tuberculosis, presumable latent 

infection); (iii) active TB patients (radiological and bacteriological identification).  

The amount of the released IFN-  of the stimulated PBMC cells was measured by 

enzyme-linked immunosorbent assay (ELISA) or enzyme-linked immunospot (ELISpot). The 

percentage of IFN-  producing cells and the T-cell proliferation was determined using 

FACSCalibur flow cytometer. Prior to analysis, cells or the intracellular IFN-  cytokine was 

selectively labeled by certain fluorescent dyes. The CD25 early activation marker on the 

surface of the T-cells was fluorescently labeled to study the kinetic of the stimulation. 

The minimal inhibitory concentration (MIC) and colony forming unit (CFU) of the 

peptide conjugates of clinically used antituberculars and in silico identified drug candidates 

were determined on M. tuberculosis and M. kansasii bacterial strains at the Laboratory of 

Bacteriology at the Korányi TB Hospital (Budapest, Hungary). 

The cytotoxicity and the cytostatic effect of the compounds were measured by 

tetrazolium based MTT assay on HepG2, MonoMac6 cell lines, isolated PBMC and murine 

bone marrow macrophages. The cellular uptake of MonoMac6 cells was studied with 

fluorescent DUT44 compounds by BD LSR II flow cytometer. 
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3. Results and discussion 

I. Peptide antigens, representing immundominant proteins of M. tuberculosis, were 

prepared. As a further application, these synthetic peptides can be potential candidates for 

the early diagnosis of the infection. 

1. Thirteen derivatives according to the functional epitope (91-104) of the 16kDa protein 

were synthesized. IFN-  production of stimulated PBMC cells, isolated from PPD 

negative healthy subject, was not higher than the negative control. In contrast, active TB 

patients showed a high level of IFN-  production to the epitope peptides. Lower amount 

of IFN-  was measured to the epitope peptides in the case of patients with active 

tuberculosis after the antitubercular treatment [5].

2. Peptide 91SEFAYGSFVRTVSLPV106-C was conjugated to chloroacetylated OT20 

tetratuftsin, SAK and EAK branched chain polypeptides via thioether bond.  

a. T-cell response to the SAK(91-106), EAK(91-106) and OT20(91-106) conjugates 

was evaluated on PBMC cells of PPD positive, active TB patients. Compare to the 

91-106 peptide the IFN-  production dramatically increased in the case of the 

conjugates. The free carrier molecules did not influence the IFN-  production 

(aspecific stimulation). The T-cell response to the peptide – carrier mixture 

(according to the substitution degree) was always lower than the T-cell response 

to the conjugates. Conjugation to these carriers was a successful method to 

increase the in vitro immunstimulatory activity of the 91-106 peptide and a 

reliable amount of IFN-  was measured after the TB patient had antitubercular 

treatment. 

b. SAK(91-106), EAK(91-106) and OT20(91-106) conjugates and free carriers did 

not induce T-cell proliferation in our assay.  

3. The Rv2654 (Tb7.7) protein is a specific antigen that is missing from the BCG. The 

epitope mapping of this protein was carried out using overlapping 20-mer peptides.  

a. Three epitope regions were identified in the protein by ELISpot method on PBMC 

of PPD positive latently infected individuals and active TB patients. The  

C-terminal region (61-81) was recognized by 60% of TB patients. According to 

the literature, this is higher rate than the recognition of the entire Rv2654 protein 

(53%, 10/19).  None of the peptides stimulated the PBMC cells from BCG 

vaccinated donor. 

b. Corresponding to the N-terminal, 31-50 and C-terminal regions nine further 

peptides were synthesized. We found that peptide VRAVAESHGVAAVLF (51-
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65) induced the highest T-cell response, which was comperable to the   

ESAT6/CFP10 protein mixture. 

4. The T-cell epitope structute of the Rv1733c protein, which is expressed by the dormant 

bacteria, was determined by overlapping synthetic 20-mer peptides. According to the in 

vitro test of PBMC from twentynine latently infected PPD positive donors, further 

eleven peptides were prepared in the 91-130 and 191-210 regions. The highest T-cell 

response was measured to 91-105, 111-125 és 193-210(Ser) peptides. 

 

II. New analytical method to monitor the cysteine content of synthetic peptides was 

described [6].  

The compounds were reacted with N-ethylmaleimide to give a stable derivative which is 

easily separated by RP-HPLC and quantitative data determining the homogeneity was 

evaluated from the chromatogram. This method was succesfully applied in several cases 

(e.g. to follow the dimerization reaction). 

 

III. Clinically used antituberculars were conjugated to peptide based carrier molecules, to 

potentially enhance the cellular uptake of the compounds.

1. To conjugate isoniazid (INH), p-aminosalicylic acid (PAS) and pyrazinamide (PZA) 

new synthetic methods were developed using mainly solid phase techniques. The 

influence of the chemical modification of the compounds on the in vitro antitubercular 

activity was determined on M. tuberculosis H37Rv and M. kansasii strains. We found 

that all of the INH-conjugates were effective against M. tuberculosis and the minimal 

inhibitory concentration values were comparable to the free INH moiety (MIC=0,16 -

0,40 g/ml; 1,17×10-6-2,26×10-6M). None of the PAS-conjugates inhibited the growth of 

the bacteria. Probably the free carboxylic group of PAS is needed for the efficacy and it 

is not released under the condition applied [7, 8]. 

2. The time dependence of the release of the free INH compound from the  

INH=CH-CO-91SEFAYGSFVRTVSLPV106 (hydrazone) and INH-CH2-CO-
91SEFAYGSFVRTVSLPV106 (hydrazide) conjugates was determined in Sula semi-

synthetic media. Both of the conjugates were stable >90% for 6 hours, after then INH is 

releasing from the conjugates.  

3. The cytosatic effect of GTKPK(INH-CH2-CO)G conjugate was evaluated on HepG2 

human hepatoma cell line. We found, that the conjugate was not cytostatic even at the 

highest concentration (5×10-4M). 



 8

IV. In silico methods were applied to identify potential new drug candidates at the 

Department of Computer Science at Eötvös L. University, at the research group of Dr. Vince 

Grolmusz. Using a new algorithm these molecules were docked to crucial enzymes of M. 

tuberculosis. In vitro activity of the compounds was evaluated: 

1. Fifteen out of thirtyseven compounds showed antitubercular activity on M. tuberculosis 

H37Rv strain [9]. The lowest MIC values were measured to DUT69, DUT3, DUT13, 

DUT44, PriA42 molecules (MIC=1-20 g/ml, 3,73×10-6 - 4,59×10-5 M). 

2. The PriA42 compound was effective on M. kansasii strain at 33 g/ml, 8,87×10-4 M 

concentration.  

3. The cytotoxicity and the cytostatic effect of the in silico identified compounds was 

evaluated on HepG2, MonoMac6 cell lines, PBMC and bone-marrow derived murine 

macrophages. The IC50 value of the DUT3 compound was comparable to the MIC value 

(1,22×10-5M). The minimal inhibitory concentration of the DUT44 compound 

(MIC=20 g/ml, 4,59×10-5M) was ten times lower than the IC50 value on human cells 

and cell lines. The MIC value of the most promising DUT69 compound (1 g/ml, 

3,73×10-6M) was four orders of magnitude lower than the IC50 value on MonoMac6 

monocytic cell line (1,21×10-2M). In the case of PriA42 molecule the difference was 

two orders of magnitude. 

4. The extinction and the emission spectra of the DUT44 molecule was determined in 

order to adjust the parameters of the BD LSR II flow cytometer. Concentration 

dependent cellular uptake of the DUT44 compound was determined on MonoMac6 

human monocytic cell line. 

5. The aldehyde derivative of the DUT69 molecule was conjugated to OT10 dituftsin 

derivative through oxime bond. The MIC value of the starting material was 1 g/ml, 

while in the case of the conjugate it was 6,9 g/ml. The influence of the conjugation of 

DUT69 compound was not significant on the antimycobacterial activity.  

6. The hydroxylic group of the DUT44 molecule was reacted with glutaraldehyde and the 

resulted compound was conjugated to the N-terminus of a carrier peptide on solid phase.  

The minimal inhibitory concentration of the esterificated derivative (42,5 g/ml) was 

comparable to the free DUT44 molecule (20 g/ml). After the chemical modification the 

compound has a relevant in vitro antitubercular effect.    
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