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Korsor 2005) 

S. nigra fruit (cultivar 

Haschberg 2004) 
Acidified methanol 364 

S. nigra fruit (cultivar 

Haschberg 2005) 
Acidified methanol 510 

S. nigra fruit Acidified methanol 683.1 
Mikulic-Petkovsek 

et al., 2016 
S. nigra fruit (cultivar 

viridis) 
Acidified methanol 268.8 

 

 From the results in Table 2a, it is obvious that the extraction solvent has a key impact on the total 

phenolic content. To achieve the highest total phenolic content in the extract, maceration with water as an 

extraction solvent is recommended. Results in Table 2b show that the phenolic content in berries is 

affected by genetic differences (Zadernowski et al., 2005). Environmental conditions, soil composition, 

pollutions, light, temperature, stress conditions of plant during cultivation, also have an impact on the 

chemical composition (Tomas-Barberan and Espin, 2001). Identification and quantification of individual 

phenolic compounds is a topic in the section 4.2.2. 

4.1.2. Determination of total monomeric anthocyanin content  

 

 Measurements of anthocyanin content, which contributes as the major colorant in berries and 

berry products, is an indicator of the quality of fresh and processed berry products (Wrolstad et al., 2005). 

Lee et al. (2005) validated and demonstrated the pH differential method as a simple, quick and accurate 

for measuring the total monomeric anthocyanin content of a sample. For the total anthocyanin 

determination there are simple spectrophotometric methods in use. One of the most cited papers on the 

determination of total monomeric anthocyanins spectrophotometrically is published by Giusti and 

Wrolstad (2000). 

 Table 3a shows results for total anthocyanins published by Duymus et al. (2014). Results in Table 

3a are expressed as cyanidin-3-glucoside equivalent milligrams of cyanidin-3-glucoside per 100 grams 

(dry weight) of the extract. Table 3b shows results for total anthocyanins in two different cultivars of S. 

nigra expressed as mg cyanidin-3-glucoside (c-3-g) equivalent per 100 g of berries.  

 

Table 3a. Total monomeric anthocyanins content data for S. nigra fruit spectrophotometrically 

determined 

Plant 

material 

Extraction 

Solvent 
TPC in mg c-3-g/100 g Reference 

S. nigra 
fruit 

Water 878.5 

Duymus 
et al., 2014 

70% ethanol 1066.6 

Methanol 408.6 
70% acetone 651.1 

Acidified methanol 600 

Infusion 734.2 
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 When results for total phenol contents obtained by spectrophotometric method are compared with 

those obtained by HPLC (which is taken as a reference method because it is free of interferences), it can 

be observed that spectrophotometric method overestimates the phenolic content (Escarpa and Gonzalez, 

2001).  

4.2.3. Individual anthocyanins  

 

 Elderberry fruit is mostly used as a fresh food in daily diet, or being processed into other food 

products and dietary supplements. As a part of the food we eat, it is useful to know anthocyanins 

composition and contents, which represents the dominant share in elderberry fruit.   

Most widely used tool for the identification and quantification of anthocyanins is reversed-phase 

HPLC coupled with photodiode array detection. The difference in polarity of individual anthocyanins 

allows their separation. The anthocyanins can be quantitated with an external standard (cyanidin-3-

glucoside or any purified anthocyanin standard) (Lee et al., 2008).  

 

a) HPLC-DAD 

 

 For analysis of individual anthocyanins Veberic et al. (2009) prepared samples and performed 

HPLC analysis accordingly to the method previously published by Marks et al. (2007). The column used 

was Gemini C18 (150 × 4.6 mm, 3µm; Phenomenex) operated at 25 °C. As elution solvents 1% formic 

acid in twice distilled water (A) and 100% acetonitrile (B) were used. The results for anthocyanins of two 

cultivars and three selections of S. nigra fruit expressed as mg cyanidin glucoside equivalents (CGE) per 

1 kg of fruit are presented in Table 10. 

Table 10. Concentrations of anthocyanins of two cultivars and three selections of S. nigra fruit (mg 

CGE/kg FW) 

Chemical 

compound 
Fruit of S. nigra cultivars and selections Reference 

Cinnamic acid 

derivatives 

Haschberg Selection 13 Selection 14 Selection 25 Rubini 

Veberic 
et al., 2009 

Cyanidin 3-
sambubioside-5-

glucoside 

332.9 195.2 219.1 534.9 256.3 

Cyanidin 3,5-

diglucoside 

94.7 74.1 113.5 232.9 201.8 

Cyanidin 3-

sambubioside 

3527 2708 3467 5928 6308 

Cyanidin 3-
glucoside 

3317 4562 2214 2851 5864 

Cyanidin 3-

rutinoside 

96.3 29.8 14.9 25.2 22.5 
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 By observing the results, it can be said that black elderberry fruits are rich in anthocyanin content 

with the domination of cyanidin 3-sambubioside and cyanidin 3-glucoside compared to other fruit 

varieties (Veberic et al., 2009).  

b) HPLC-MS-MS 

 

 Sample preparation and HPLC analysis for the determination and quantification of anthocyanins 

in S. nigra fruit was performed as published by Wu et al. (2004). The column used for separation was 

Zorbax SB-C18 A 250 × 4.6 mm. Mobile phase A (5% formic acid aqueous solution) and mobile phase B 

(methanol) were used as mobile phases in elution process. Obtained results were expressed as 

anthocyanidin glucoside equivalents (AGE). 

Table 11. Concentrations of anthocyanins in S. nigra fruit (mg AGE/kg FW) 

Chemical compound 
Concentration of anthocyanins 

mg kg
-1

 FW 
Reference 

Cyanidin 3-sambubioside-5-

glucoside 

826 

Wu et al., 2004. 

Cyanidin 3,5-diglucoside Nit quantified 

Cyanidin 3-sambubioside 5459 

Cyanidin 3-glucoside 7398 

Cyanidin 3-rutinoside 44 

Pelargonidin 3-glucoside 18 

Pelargonidin 3-sambubioside Trace 

 

 Wu et al. (2004) identified 7 anthocyanins. It should be mentioned that cyanidin 3-rutinoside, 

pelargonidin 3-glucoside and pelargonidin 3-sambubioside are chemical compounds in black elderberry 

identified for the first time by Wu et al. (2004).  

c) HPLC-UV-MS-MS 

 

 For the identification of anthocyanins, Duymus et al. (2014) used this equipment and extracts 

obtained with different solvents for the extraction of S. nigra fruit. The column was 250 × 4.6 mm, 5µm 

octadecyl silica gel analytical column (Supelco) operating at 40 °C. Solvent A was formic acid/water 

(8.5/91.5, v/v), and solvent B was tetrahydrofuran/formic acid/acetonitrile/methanol/water 

(5/8.5/22.5/22.5/41.5, v/v/v/v/v) (Duymus et al., 2014). Details about applied method are published by 

Bermudez-Soto and Thomas-Barberan (2004). Results for identified anthocyanins in extracts of S. nigra 































mailto:ivana.zlatanovic@pmf.edu.rs
mailto:ivana.z.988@gmail.com






Chemia Naissensis, Vol 2, Issue 2, MINI REVIEW, 30-41 
 

33 

 

OH

OH

OO

H3C

O

O

CH3

OH

OH

CH3

HO

OH

O

O

O

CH3

OH

OH

CH3

HO

(2)

O

O CH3

OH

OH

O

(3)

(1)

OH

CH3

OH

H3C

O O
CH3

O

O

O

HO

H2C

OH

O
O

HO

CH3

O

O

O

CH3

HO

O

CH3

OH

O
HO(5)

(6)

(4)

H3C
OH

H3C

HO

O

OH

O

CH3

O CH3

(7)

OH

CH3

Figure 2. Structural formulae of (1) methyl orsellinate, (2) lecanoric acid, (3) gyrophoric acid, (4) atraric 

acid, (5) norstictic acid, (6) salazinic acid, (7) usnic acid 
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crystal structure with the active center of the enzyme or receptor. The 

specificity of this textbook is to consider biomolecule-protein interactions 
by using accredited and recognized computer methods, with a simple 

premise: biomolecule-protein interactions will be better understood if 

viewed on a monitor screen. In this way, future readers will easily adopt a 

new way of understanding biochemistry and fully understand the 
importance of biomolecule interactions with proteins. The manuscript 

focuses not on the metabolic pathways of biomolecules, but on the 

interactions of biomolecules with proteins and the consequences that these 
interactions have on human physiology. 

The book is thematically divided into nine chapters: 

Chapter I: Crystallography as a method for the definition of bioactive 
conformations of inhibitors and antagonists of enzymatic reactions 

Chapter II: Preparation of crystal structures of biomolecules in the complex 

with native protein 

Chapter III: Three-dimensional quantitative correlation between the 
bioactive conformation and the activity of biomolecules 

Chapter IV: Generating 3-D QSAR studies 

Chapter V: Generation of bioactive conformations by molecular target 
structure: molecular docking 

Chapter VI: Practical applications of molecular docking 

Chapter VII: Defining bioactive conformations according to crystal structure 
of inhibitors or agonists: alignment biomolecules 

Chapter VIII: Practical application of biomolecule alignment 

Chapter IX: Rational design of bioactive compounds 

The major emphasis in the textbook is on the understanding the 
biophysical phenomena that lead to the generation of the bioactive 

conformation (Chapters III and IV). In other words, it explains in detail how 

the interaction between biomolecules and proteins occurs. The textbook is 
based on the recently published study of the rational design of novel 

monoamine oxidase B (MAO B) inhibitors (Chapter III), an enzyme whose 

disruption of activity leads to the oxidative stress at the level of 

mitochondrial DNA and the subsequent development of Parkinson's disease. 
The authors presented to readers simply and understandably how diversity 

in the structure of MAO B inhibitors affects activity. MAO B inhibitor 

activity was quantified through the concept of Three-Dimensional Structure 
Activity Relationships (3-D QSAR) and presented in detail how statistically 

significant 3-D QSAR models are generated and how they are interpreted, 

with minimal use of complex mathematical formulations of chemometrics, 
at the level at which it is necessary to understand how chemoinformatic 

methods are used in medicinal chemistry. 
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taught is certainly different from the usual formats of university textbooks, 

forcing the reader to apply what has been learnt previously. Mastering the 
methods presented in the book, readers will understand that the activity of 

biomolecules and future drugs is a result of the interactions that the 

biomolecule has with the active center of the enzyme or a receptor and will 

acquire the ability to rationally design new bioactive molecules.  
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Introduction  

 

Malaria is a disease caused by several strains of protozoa from the Plasmodium genus. Many attempts 

have been made to control the disease including vaccination, vector control and parasiticidal drugs (Ralph 

et al., 2001).Currently, parasiticides constitute the most routinely applied approach in combating malaria, 

complementing the widely popular use of insecticide-treated nets (World Health Organization, 2019). 

However, there is widespread resistance to existing anti-malarial drugs (World Health Organization, 

2019). Also, many studies have been conducted into the development of prophylactic treatments 

(especially vaccines) (World Health Organization, 2019). The most promising vaccine to date is a 

recombinant protein-basedRTS, S/AS01 vaccine.One of the drawbacks of this vaccine is that children 

treated with this medicine show an elevated risk of meningitis infection (Moorthy and Okwo-Bele, 2015). 

Plastid can be defined as any organelle that is the site of manufacture and storage of important 

chemical compounds used by the cell. The apicoplast originates from the same endosymbiosis as other 

plastids (Gleeson, 2000), so it can be regarded as a mini-bacterium living inside the malaria parasite. All 

familiar processes happening inside apicoplast are bacterial in nature (DNA replication, transcription, 

translation, post-translational modification, catabolism, and anabolism), and can be potential drug targets. 

In addition to the standard treatments, there are several families of drugs in experimental use or under 

investigation as potential medicines against the malaria parasite. Some of them act on metabolic targets 

such as DNA replication (Gozalbes et al., 2000), RNA transcription (Pukrittayakamee et al., 1994), 

protein translation (Clough et al., 1999; McConkey et al., 1997; Pfefferkorn and Borotz, 1994; Rogers et 

al., 1998; Woods et al., 1996), amino acid biosynthesis (Roberts et al., 1998), isopentenyl diphosphate 

biosynthesis (Clastre et al., 2007; Jomaa et al., 1999) and fatty acid biosynthesis (Surolia and Surolia, 

2001). However, only a few of them show significant inhibitory activity against P. falciparum 

(rifampicin, azithromycin, thiostrepton, tetracycline, amythiamicin and fosmidomycin). Rifampicin 

inhibits transcription from the 35kb apicoplast genome by targeting the plastid-encoded RNA polymerase 

(McConkey et al., 1997; Uddin et al., 2018). Azithromycin has activity on plastid 23S rRNA, but 

nevertheless there is no substantial evidence of its mode of action (Dahl and Rosenthal, 2007; Sidhu et al., 

2007; Yeo and Rieckmann, 1995).  

Azithromycin is a potent anti-bacterial agent that exhibits mild anti-malarial activity (Arsic et al., 

2014). Schlunzen et al. (2003) reported the crystal structure of azithromycin bound to the ribosome of D. 

radiodurans and postulated two binding sites. It was found that the first azithromycin molecule has 

interactions mostly with domains IV and V of 23S rRNA,while the second azithromycin molecule 

interacts with the ribosomal proteins L4,L22and domain II of 23S rRNA. We wanted to investigate 

whether other macrolide antibiotics possess anti-malarial activity but we were hindered by the lack of a 
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crystal structure of the exit tunnel of the apicoplast ribosomal exit tunnel from P. falciparum (caused in 

part by the difficulty of separating apicoplasts from mitochondria). We therefore explored the use of the 

bacterial crystal structure of D. radiodurans as a template for superpositions of the modelled P. 

falciparum exit tunnel and D. radiodurans(Figure 1). 

 

Figure 1. (A) Stereoview of the local environment around the two azithromycin molecules. (B) Two-

dimensional sketch of interactions between the two azithromycin molecules, 23S rRNA, and the 

ribosomal proteins L4 and L22. Nucleotides or amino acids contributing to hydrophobic interactions are 

indicated; those contributing to hydrogen bonds or electrostatic interactions are represented by their 

structures (Schlunzen et al., 2003) 
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Sidhu et al.(2007)modelled the L4 segment from P. falciparum (Lys57 to Pro97) using MODELLER 

and E. coli and D. radiodurans as templates. However, no quantitative scores of the quality of the model 

were provided, so its precision cannot be estimated (Sidhu et al., 2007). 

Experimental 

 

Homology modelling using the SWISS Model server (Arnold et al., 2006) 

Homology modelling using the SWISS Model server was performed by submitting the sequence 

of the target sequence of ribosomal protein L4 from P. falciparum, and template pdb files of L4 from D. 

radiodurans and E. coli extracted using Molecular Viewer. 

Ab initio molecular modelling using I-TASSER server (Roy et al., 2010; Roy et al., 

2011;Zhang, 2008) 

Ab initio molecular modelling using I-TASSER server of L4 ribosomal protein from P. 

falciparum was performed by submitting the sequence of this protein and using the option of modelling 

without the template. 

Modelling of 23S rRNA using RNA2D3D (http://www-

lmmb.ncifcrf.gov/~bshapiro/software.html) 

 

The molecular modelling of 23S rRNA from P. falciparum was performed making two separate 

input files containing the RNA sequences of 5' and 3'-half of 23S rRNA and information of the base pairs 

obtained from the secondary structure of 23S rRNA. The obtained crude models were refined according 

to the manual given by the creators of the software RNA2D3D (http://www-

lmmb.ncifcrf.gov/~bshapiro/software.html). Energy refinement was performed using the TINKER 

software available in RNA_2D3D, and two separate models were generated. 

PyMOL (https://pymol.org/2/)superposition of 23S rRNA of D. radiodurans domains and 

constructed domains of 23S rRNA from P. falciparum 

 

L4 and 23S rRNA were modelled separately as described in previous sections above. These were 

now aligned with the corresponding D. radiodurans moieties using Pymol. Three domains of 23S rRNA 

(II, IV, and V) are important for macrolide binding, and each was aligned separately with the 

http://www-lmmb.ncifcrf.gov/~bshapiro/software.html
http://www-lmmb.ncifcrf.gov/~bshapiro/software.html
http://www-lmmb.ncifcrf.gov/~bshapiro/software.html
http://www-lmmb.ncifcrf.gov/~bshapiro/software.html
https://pymol.org/2/
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corresponding domains from D. radiodurans. The smallest RMS was shown with the alignment of 

domain IV (RMS=14.528). Domain IV was now superimposed on the D. radioduransRNA structure, and 

the D. radiodurans domain IV deleted. This procedure was repeated sequentially with domains II and V 

to give a hybrid 23S rRNA. 

Results and Discussion 

Modelling of apicoplast-encoded L4 

 

Ribosomal protein L4 from the P. falciparum apicoplast (PfRpl4) shows only modest 

similarity in primary sequence with reported crystal structures of bacterial L4, even in the protein 

region responsible for macrolide activity against bacteria (Sidhu et al., 2007). It was reported that 

E.coli and D.radioduransL4 proteins, share 39% and 32% sequence identity with PfRpl4 in this 

loop region (Sidhu et al., 2007). 

In our study, we used SWISS Model (Arnold et al., 2006), and E. coli(Mitra et al., 2006) and 

D. radiodurans(Harms et al., 2008)as templates, and the whole L4 protein from P. falciparum 

was constructed from each template separately. The two models show similar structural 

characteristics. The model obtained using D. radiodurans as a template analyzed by YASARA 

(www.yasara.org) yielded 29.9% Helix, 11.4% Sheet, 9.6% Turn, 41.2% Coil, 0.0% 3-10 Helix, 

and 7.9% of the model was not organized into the common motifs. Whilst, the model obtained 

using E. coli as a template analyzed by YASARA gave 24.2% Helix, 5.2% Sheet, 13.4% Turn, 

50.5% Coil, and 6.7% 3-10 Helix. Unfortunately, the Ramachandran Z-scores (Hooft et al., 

1997) obtained from these two models were low (model obtained using D. radiodurans as a 

template has the value of -7.192 and model using E. coli as a template has the value of -5.982) 

showing that they are not satisfactory models (Figure 2). 

 

A 

 

B 

http://www.yasara.org/
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Figure 2. A An apicoplast ribosomal L4 protein of Plasmodium falciparum obtained using 

SWISS model and D. radiodurans as a template; B An apicoplast ribosomal L4 protein of 

Plasmodium falciparum obtained using SWISS model and E. coli as a template 

 

Ab initio calculations were performed using an I-TASSER server (Roy et al., 2010; Roy et al., 

2011; Zhang, 2008) by submitting the sequence of the protein to be modelled in FASTA format and 

using the option for modelling without the template (ab initio). The whole sequence of L4 ribosomal 

protein from P. falciparum apicoplast was used. The obtained model (Figure 3) shows c-score=-2.26 

and Ramachandran Z-score=-4.081. Again, the model was not satisfactory because the Z-score was 

on the border of acceptability.  

 

Figure 3. L4 protein from P. falciparum obtained using ab initio method on I-TASSER 

In order to improve the modelling, ab initio modelling was used on the I-TASSER server to design 

the L4 ribosomal protein segment (Lys57 to Pro97) also previously modelled by Sidhu et al. (2007). A 

model was obtained with a corresponding Ramachandran Z-score of -3.404, which is satisfactory (Figure 

4). 
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Figure 4. A segment of L4 ribosomal protein from P. falciparum obtained using ab initio method on I-

TASSER 

The results demonstrated that the homology modelling on the apicoplast proteins from P. falciparum had 

little similarity to the templates (D. radiodurans and E. coli) and all known and available crystal 

structures of L4 protein was less successful than ab initio modelling of the same structure. The modelled 

segment of L4 apicoplast ribosomal protein (Lys57 to Pro97 in D. radiodurans) from P. falciparum using 

ab initio method represents a reliable model on the basis of its Ramachandran Z-score and could be useful 

for the construction of the exit tunnel of the apicoplast ribosome from P. falciparum. 

Modelling on 23S rRNA from P. falciparum 

 

Modelling of the 23S rRNA presented an additional challenge. In order to model the 

sequence, due to its length the sequence had to be divided into two halves. Modelling was 

subsequently performed, and refinement and energy minimization of the two halves was 

performed separately. The division of the RNA into two halves was somewhat arbitrary and it is 

difficult to judge whether this necessary simplification could be justified. Unfortunately, there is 

no method similar to protein methods for checking the quality of generated structures. However, 

there was high similarity between the P. falciparum apicoplast LSU rRNA and the E. coli 23 S 

rRNA (they have 70% sequence identity (Sidhu et al., 2007)), particularly in hairpins; therefore, 

we are quite confident that the separation into two halves did not affect significantly the 

conformations of the hairpin regions involved in the binding to macrolides. 

Comparison of the sequence and secondary structure of P. falciparum and organisms 

with known crystal structures yielded a significant similarity in domain V, but very small 

similarity in sequence and base pairs of domains II and IV of 23S rRNA. The final models 
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(Figure 5) appeared to be satisfactory, but there were concerns about the folding because of the mutual 

influence of one modelled 23S rRNA residue on other. 

 

A 

 

B 

Figure 5. A Model of large subunit ribosomal RNA-3' half of P. falciparum; B Model of 

large subunit ribosomal RNA-5' half of P. falciparum 

Conclusion  

 

We have made a first attempt to model the apicoplast ribosome exit tunnel, which may be an important 

drug target in the fight against malaria. Ab initio modelling of apicoplast ribosomal L4 gave models with 

acceptable Ramachandran Z-scores, whereas homology modelling did not. The challenging task of 

modelling the long sequence of RNA was performed by splitting the RNA into two fragments in silico. 

Comparison of the sequence and secondary structure of P. falciparum and organisms with known crystal 

structures yielded a significant similarity in domain V, but very small similarity in sequence and base 

pairs of domains II and IV of 23S rRNA. The obtained modelscouldbe good starting point for docking 

drugs. 

Acknowledgment 

 

The authors want to thank Dr Richard Bryce from The University of Manchester for provided 

computational facilities, and all advices given during the performed work. 

Conflict-of-Interest Statement 
There is no conflict of interest. 



Chemia Naissensis, Vol 2, Issue 2, SHORT COMMUNICATION, 50-61 

 

58 
 

References  

 

Arnold, K., Bordoli, L., Kopp, J., &Schwede, T. (2006). The SWISS-MODEL workspace: a 

web-based environment for protein structure homology modelling. Bioinformatics, 22,195-201. 

Arsic, B., Awan, A., Brennan, R., Aguilar, J., Ledder, R., McBain, A. J., Regan, A. C., & Barber, 

J. (2014). Theoretical and experimental investigation on clarithromycin, erythromycin A and 

azithromycin and descladinosyl derivatives of clarithromycin and azithromycin with 3-O-

substitution as anti-bacterial agents. MedChemComm, 5(9), 1347-1354. 

Clastre, M., Goubard, A., Prel, A., Mincheva, Z., Viaud-Massuart, M.-C., Bout, D., Rideau, M., 

Velge-Roussel, F., &Laurent, F. (2007). The methylerythritol phosphate pathway for isoprenoid 

biosynthesis in coccidia: Presence and sensitivity to fosmidomycin. Experimental Parasitology, 

116, 375-384. 

Clough, B., Rangachari, K., Strath, M., Preiser, P. R., & Wilson, R. (1999). Antibiotic inhibitors 

of organellar protein synthesis in Plasmodium falciparum. Protist, 150, 189-195. 

Dahl, E. L., & Rosenthal, P. J. (2007). Multiple antibiotics exert delayed effects against the 

Plasmodium falciparum apicoplast. Antimicrobial Agents and Chemotherapy, 51, 3485-3490. 

Gleeson, M. T. (2000). The plastid in Apicomplexa: what use is it?International Journal of 

Parasitology, 30, 1053-1070. 

Gozalbes, R., Brun-Pascaud, M., Garcia-Domenech, R., Galvez, J., Girard, P.-M., Doucet, J.-P., 

& Derouin, F. (2000). Anti-Toxoplasma activities of 24 quinolones and fluoroquinolones in 

vitro: prediction of activity by molecular topology and virtual computational techniques. 

Antimicrobial Agents and Chemotherapy, 44, 2771-2776. 

Harms, J. M., Wilson, D. N., Schluenzen, F., Connell, S. R., Stachelhaus, T., Zaborowska, Z., 

Spahn, C. M. T, &Fucini P. (2008). Translational regulation via L11: Molecular switches on the 

ribosome turned on and off by Thiostrepton and Micrococcin. Molecular Cell, 30, 26-38. 

Hooft, R. W., Sander, C., &Vriend, G. (1997). Objectively judging the quality of a protein 

structure from a Ramachandran plot. Computer Applications in the Biosciences, 13, 425-430. 



http://www-lmmb.ncifcrf.gov/~bshapiro/software.html
https://pymol.org/2/
https://www.who.int/malaria/en/


Chemia Naissensis, Vol 2, Issue 2, SHORT COMMUNICATION, 50-61 

 

60 
 

Roberts, F., Roberts, C. W., Johnson, J. J., Kyle, D. E., Krell, T., Coggins, J. R., Coombs, G. H., 

Milhous, W. K., Tzipori, S., Ferguson, D. J. P., Chakrabarti, D., &McLeod, R. (1998). Evidence 

for the shikimate pathway in apicomplexan parasites. Nature, 393, 801-805. 

Rogers, M. J., Cundliffe, E., &McCutchan, T. F. (1998). The antibiotic Micrococcinis a potent 

inhibitor of growth and protein synthesis in the malaria parasite. Antimicrobial Agents and 

Chemotherapy, 42, 715-716. 

Roy, A., Kucukural, A., & Zhang, Y. (2010). I-TASSER: a unified platform for automated 

protein structure and function prediction. Nature Protocols, 5, 725-738. 

Roy, A., Xu, D., Poisson, J., & Zhang, Y. (2011). A protocol for computer-based protein 

structure and function prediction. Journal of Visualized Experiments, 57, e3259. 

RTS,S Clinical Trials Partnership. (2015). Efficacy and safety of RTS,S/AS01 malaria vaccine 

with or without a booster dose in infants and children in Africa: Final results of a phase 3, 

individually randomized, controlled trial. The Lancet, 386 (9988), 31-45. 

Schlunzen, F., Harms J. M., Franceschi, F., Hansen, H. A. S., Bartels, H., Zarivach, R., 

&Yonath, A. (2003). Structural basis for the antibiotic activity of ketolides and azalides. 

Structure, 11, 329-338. 

Sidhu, A. B. S., Sun, Q., Nkrumah, L. J., Dunne, M. W., Sacchettini, J. C., & Fidock, D. A. 

(2007). In vitro efficacy, resistance selection, and structural modelling studies implicate the 

malarial parasite apicoplast as the target of azithromycin. The Journal of Biological Chemistry, 

282, 2494-2504. 

Surolia, N., & Surolia, A. (2001). Triclosan offers protection against blood stages of malaria 

byinhibiting enoyl-ACP reductase of Plasmodium falciparum. Nature Medicine, 7, 167-173. 

Uddin, T., McFadden, G.I., & Goodman, C.D. (2018). Validation of putative apicoplast-targeting 

drugs using a chemical supplementation assay in cultured human malaria parasites. 

Antimicrobial Agents and Chemotherapy, 62 (1), e01161-17. 



Chemia Naissensis, Vol 2, Issue 2, SHORT COMMUNICATION, 50-61 

 

61 
 

Woods, K. M., Nesterenko, M. V., &Upton, S. J. (1996). Efficacy of 101 antimicrobials and 

other agents on the development of Cryptosporidium parvumin vitro. Annals of Tropical 

Medicine and Parasitology, 90, 603-615. 

World Health Organization. (2019). World malaria Report 2019. 

www.yasara.org, accessed 19/11/2018 

Yeo, A. E. T., & Rieckmann, K. H. (1995). Increased antimalarial activity of azithromycin 

during prolonged exposure of Plasmodium falciparum in vitro. International Journal of 

Parasitology, 25, 531-532. 

Zhang, Y. (2008). I-TASSER server for protein 3D structure prediction. BMC Bioinformatics, 9, 

40. 

 

 

http://www.yasara.org/










mailto:aleksandra.zivkovic@hhu.de


Chemia Naissensis, Vol  2, Issue 2, RESEARCH PAPER, 66-77 

 
 

67 
 

Introduction  

 

Nuclear Magnetic Resonance spectroscopy (NMR) is a fundamental identification and structural 

determination technique in any chemical lab. This technique became more important with its introduction 

in the European Pharmacopoeia (Ph. Eur). In 2008 about 900 cases of adverse events associated with the 

use of heparin were reported in Germany, resulting in the urgent need for increased analytical/quality 

control of complex compounds (Beyer et al., 2010). As a necessity, the first NMR-based identification 

control via 1H NMR measurement has been introduced into Ph. Eur. (Beyer et al., 2010). This highlights 

the need for teaching NMR techniques in pharmacy and related sciences. Due to the high costs of NMR 

instrumentations, teaching NMR in the majority of academic practical courses in analytics has for a long 

time been restricted on the theoretical evaluation of NMR spectra, which have been recorded by 

technicians or other scientists, but not by the students themselves. Although high-field NMR 

spectrometers up to 1000 MHz or higher are extremely expensive to purchase as well as to run, the 

practical student courses can nowadays take advantage of the availability of low-field benchtop 

spectrometers (Anon n.d.).This technique development made experiments in NMR for students possible 

having a great variety of analytical aspects (Edgar et al., 2019; Kennedy et al., 2019; Kent and Bell 2019; 

Swartz et al., 2018; Yearty et al., 2017; Yennie et al., 2017). Recently, we developed and performed four 

different experiments using 1H NMR benchtop instruments in the practical instrumental analytics course 

for undergraduate pharmacy students. The experiments are part of an interactive scientific puzzle where 

each element supports theunderstanding of a set of information obtained from 1H NMR measurements. 

Identification of natural amino acids consists of using increment calculations, multiplicity predictions and 

chemical shifts in order to identify an unknown amino acid (Zivkovicet al., 2017). Another experiment 

consists of logP determination, where signal integration is used for the calculation of lipophilicity 

(Soulsby and Chica, 2017; Zivkovic et al., 2018). Furthermore, for the purpose of understanding the 

relative signal integration, the experiment where the quantitative analysis of multicomponent mixtures of 

over-the-counter (OTC) pain killer drugs as an example for nonsteroidal anti-inflammatory drugs 

(NSAIDs) is determined (Zivkovicet al., 2017). In order to deepen the understanding of the connection 

betweenacidity as altered protonation level and chemical shift, we developed an experiment where the 

pKa value of the known drugs is determined (Zivkovicet al., 2017). Pedagogical goals of the battery 

experiments are to learn problem-based interpretation of 1H NMR data (in one or two dimensions 

(COSY)), to process their data, understand the connection between chemical character and chemical shift, 

understand integration, use of D2O exchange as well as in which way one can use the 1H NMR for 

quantitative evaluation. Interdisciplinary, problem-orientedgroup learning should also increase motivation 

for learning. 

Experimental  

All of the measurements have been performed on the Magritek Spinsolve Benchtop (42.5 MHz) 

(Aachen, Germany) with the following resolution parameters: 50% linewidth <0.7 Hz (16 ppb), 0.55% 

line width<20 Hz. The measurements have been done in standard 5 mm NMR tubes in either D2O for 

amino acids identification and pKa determination, H2O for logP value determination or DMSO-d6 for 

qualitative and quantitative analysis of the OTC mixtures (and subsequent addition of D2O). 
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The procedures are simple and can be performed and reproduced by inexperienced lab students. 

Undergraduate students have performed all parts of the experiment: dissolution, measurement, processing 

of the data (using MNova software) and identification. 

As first milestone in a battery of experiments, the students have identified an unknown amino 

acid. We developed(Zivkovicet al., 2017) an easy algorithm thatstudents can follow (Figure 1).  

 

Figure 1.Algorithm for amino acidsidentification 

To illustrate our measurements, we demonstratein Figure 2 the1HNMR spectrum of L-valine (20 

mgmL-1 in D2O), with 1H-1H COSY measurement. 
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Figure 4. The structures of the common OTCs in quantitative determination 

In this analysis step, it is important tofirst identify the substances in the mixture and assign all the 

signals (in both NMRs, with and without D2O) to the correspondingprotons in the structures. After this, 

the students need to choose one signal from each OTC drug that is going to be used for relative 

quantitative determination. The chosen NMR signal cannot be exchangeable with D2O;it has to be 

isolated and clearly has to belong to only one of the substances. If there are more than one possibility, the 

signal belonging to the largest number of protons should be chosen. The signal/noise ratio would have the 

smallest influence on the result, so these selection criteria are the most efficient. In this challenging 

experiment for NMR beginners, each group has to find the problem solving way on their own, the best for 

their measurements (Zivkovic et al., 2017). One measurement of a compound mixture with the 

corresponding calculations from the quantification is shown in Figure 5 and Table 1. 
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Introduction 
 

Bacteriochlorophyll a (BChla) is a bacteriochlorin type chlorophyll which is the 

most widely distributed. It is present in the reaction center (RC) and the core-antennas of 

most anoxygenic bacteria, as well as in the peripheral antennas of the purple bacteria 

(Grimm et al., 2007, Permentier et al., 2001). A major bacteria pigment 

bacteriochlorophylla (BChla), with an isocyclic cyclopentanone ring fused to a C-pyrrole 

ring of the porphyrin core between the C-13 and C-15 positions (Figure 1A) contains one 

magnesium in the center which coordinates four pyrrole rings by two covalent and two 

coordination bonds (Kay and Gräcel, 1993). Bacteriopheophytin a (BPheoa) is a 

derivative of BChla with only difference in the central position of macrocycle, the 

absence of Mg (Figure 1B).  

In recent decades, there has been a growing interest in the use of porphyrins and 

their derivates as well as BChls and their derivates in medical field by giving 

consideration for photophysical and photochemical properties as efficient and promising 

sensitizers in photodynamic therapy known as Photodynamic Therapy (PDT) (Brandis et 

al., 2006; Henderson et al., 1990; Pandey and Zheng, 2000). Photodynamic Therapy is a 

successful treatment method for cancer and premalignant conditions that leads to the 

selective destruction of tumor through photodynamic process and it is based on the 

induction of tissue and cellular damage by the combined effects of three components 

including a photosensitizer (PS), light and oxygen (Kübler, 2005). Porphyrins and their 

derivates have interesting and good photochemical characteristics and exhibit desirable 

properties for drug candidates in PDT (Pandey and Zheng, 2000; Rinco et al., 2009). 

They also have some drawbacks (Yano et al., 2011), but in general, porphyrins and their 

derivates, as well as chlorins and bacteriochlorins, have en excellent PDT efficacy 

(Sternberg et al., 1998) and some of them have been approved for clinical use (Henderson 

and Dougherty, 1992). 

 

 
 

Figure 1. Structure of BChla (A) and BPheoa (B). 

 

It is important to examine the connection between photosensitizers and lipid 

peroxidation process because lipid peroxidation is considered as the main molecular 

mechanism involved in the oxidative damage to cell structures and in the destruction and 

A B 
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Figure 2.Absorption spectra of BChla and BPheoa solutions treated with 

continual UV-B and UV-A irradiations (A and B, respectively) and BPheoa+PL90 and 

BChla+PL90 solutions treated with UV-A and visible light (C and D, respectively). The 

time periods of treatments were shown on the figure. From the control experiments, UV-

A and visible light treated PL-90 in methanol, the corresponding UV-VIS spectra were 

shown and marked on the figures (C and D, respectively). 
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ABSTRAKT 

 

Zeit ist eine rätselhafte Dimension. Die Menschen weisen der Zeit etwas mystische Eigenschaften zu, 
insbesondere der Perspektive der Zeitreise. Fast jeder dachte irgendwann in seinem Leben die 

Möglichkeit einer Zeitmaschine nach, und dies ist nicht nur wegen des Schriftstellers Jules Verne. Wenn 

Sie eine Zeitmaschine wünschen, möchten Sie in der Zeit vorwärts oder rückwärts reisen? Da wir uns 

offensichtlich immer in der Zeit vorwärts bewegen, würde ich annehmen, dass die Besessenheit eine 
Reise in die Vergangenheit ist. Der Grund dafür ist, dass alle Menschen Fehler machen und etwas 

bereuen, und dass sie wünschten, sie hätten die Dinge in der Vergangenheit anders gemacht. Das sind 

aber alles menschliche Wünsche, und gerade diese Wünsche regen die Menschen dazu an, der Zeit eine 
mystische und magische Eigenschaft zuzuschreiben. Es ist wahrscheinlich, dass die meisten Menschen 

irgendwann in ihrem Leben einen Fehler aus der Vergangenheit korrigieren möchten. Die Wahrheit ist, 

dass Menschen ihre Fehler korrigieren können, aber sie können sie niemals absolut rückgängig machen, 
als ob sie niemals passiert wären. Der Wunsch und die Fähigkeit, die Zeit umzukehren, ist derzeit nur auf 

psychologischer Ebene wissenschaftlich begründet. In der Tat wird der Pfeil der Zeit in Ermangelung 

einer noch unentdeckten Physik von Bolzmanns Entropie bestimmt. Wenn also eine Person die 

Bedeutung der Entropie verstehen kann, wird sie den Pfeil der Zeit grundlegend verstehen. Daher sind 
Chemiestudenten in einer guten Position, wenn es darum geht, die Zeit zu verstehen. 

 

 
 

Schlüsselwörter: Boltzmanns Entropie, Zeit, Thermodynamik, chemische Reaktionen, 

Reversibilität 
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Introduction  
 

Coffee is the most popular beverage in the world and is obtained by preparing grounded beans of 

the same name perennial shrub (Lat. Coffea). It belongs to the family Rubiaceae. The coffee plant can 

reach a height of 2 to 5 m, if left untreated it can reach a height of 10 m. It benefits from heavy rain and 

temperatures from 12 to 27oC. It thrives in the lowlands, but it is of higher quality that grows at higher 

altitudes. Its flowers are needle-like, white in color. The fruit is green in color, and at the stage of ripening 

it turns a yellowish color which darkens and turns reddish, when the fruit is ready to be harvested (Figure 

1). Within this fruit are two grains that are greenish-brown in color. After heat treatment, the beans turn 

dark brown, bursting and getting a distinctive coffee appearance. 

 

Figure 1. The fruit of coffee (photo taken from Dritan Alsela instagram profile)     

Coffee history 

 

The plant coffee is named after town of Kaffa, located in Ethiopia, and it is believed that this 

plant originates from that region. 

From the African plateau, coffee was transferred to Arabia in the ninth century, from where the 

beverage we know today as coffee, comes from. African natives used coffee beans as food. The coffee 

beans were ground and mixed with water, spices and animal fat, eaten especially before the battle to gain 

strength. Two Syrians first brought coffee to Constantinople in 1555. There were cafes where coffee was 

consumed exclusively. The Venetian merchants brought it to Venice in 1570 and coffee from there, 

started to spread throughout Europe. First it was luxury, consumed only by the wealthiest class of society. 

With the increase of coffee imports, it soon spread to all households and became part of the daily routine 

of common people. Coffee production is today the second largest industry in the world, after oil. 
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Coffee species 

 

There are many types of coffee, but only two are the most used in the world - Arabica and 

Robusta. Among the other coffee species, known are: Arabusta, created by hybridization of Arabica and 

Robusta, Liberica and Excelsa (Liberian coffee), Stenophylla (Sierra Leone coffee), Gallienii, Mogenetii 

and Bonnieri (caffeine-free). 

Arabica originates from the southwestern regions of Ethiopia. It is the first type of coffee used by 

humans that thrives in altitude from 1300 to 1500 m. Contains about 1.5% caffeine, has a rich and 

sophisticated taste and less grain acidity. Therefore, it is considered as superior and high-quality type of 

coffee. 

Robusta comes from central Africa. It is better suited for cultivation, but of lower quality than 

Arabica. Contains about 2.7% caffeine, has strong spicy taste, most commonly used to make instant 

coffee. Due to its intense bitter-sour taste in coffee production, it is often mixed with Arabica. Coffee 

containing Robusta makes better foam. 

The basic difference between Arabica and Robusta is shown in Figure 2. 

 

Figure 2. Differences between Arabica and Robusta coffee (photo taken from Dritan Alsela instagram 
profile) 

Coffee chemistry 

 

When roasting coffee beans, the loss of dry matter occurs, transforming in carbon dioxide, water 

and volatile pyrolysis products, including PAHs. This process degrades polysaccharides, amino and 
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