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Summary 

Natural products from plants, fungi, and microorganism remain among the most important sources 

for new bioactive compounds for the development of pharmaceutical products and for their use in 

other industry sectors. Nowadays, the application and combination of advanced analytical methods 

in conjunction with sophisticated data mining approaches constitute the foundation for natural 

product research and discovery. In consequence, the goal of the present thesis was the development 

of effective workflows for the in-depth investigation of the secondary metabolite profiles of plants 

(Balsaminaceae), micro- (Sepedonium), and macrofungi (Cortinarius) using advanced analytical 

hyphenated techniques, in particular UHPLC-ESI-HRMS and HPTLC-DESI-HRMS. Targeted 

and untargeted approaches were applied to explore the chemical diversity within different species 

for the dereplication and identification of their metabolites. Additionally, possible chemophenetic 

markers for species differentiation, as well as the presence of new bioactive metabolites (assisted 

by bioactivity screening) were investigated.  

A comprehensive untargeted metabolite profiling approach by UHPLC-ESI-HRMS and NMR of 

31 Impatiens species and Hydrocera triflora (including 19 phytochemically uninvestigated 

species) showed a high interspecific variation as reflected by variability of leaf metabolites and 

flavonoid glycosides as one of the major compound classes (Chapter 2). The combination of LC-

ESI-HRMS and NMR allows for a more complete picture (overview) of the metabolome. 

Phytochemical investigation of I. racemosa DC, I. ethiopica Grey-Wilson, and I. flanaganae 

Hemsl lead to the successful isolation and characterization of dihydrochalcone derivatives, 

astragalin, and 2-methoxynaphthoquinone. Preliminary investigations of the biological activity 

(anthelmintic, anticancer and antibacterial) indicated the antimicrobial potential of different 

Impatiens species (such as, I. andringitrensis, I. arguta, I. balansae, among others) and Hydrocera 

triflora. 

Two new cyclic pentapeptides (named microsporide A and B) were detected and structurally 

elucidated from the enriched crude extract of Sepedonium microspermum by intensive ESI-

HRMSn investigations (Chapter 3). MS-guided isolation yielded microsporide A as isomeric 

mixture and pure chrysosporide, a known cyclic pentapeptide isolated before from 

S. chrysospermum. Additionally, the synthesis of selected peptides was accomplished by a solid-

phase approach in combination with an in-solution cyclization, allowing to confirm the absolute 

configuration of their constitutive amino acids.  

The occurrence of the anthraquinones physcion, emodin, endocrocin, dermolutein, hypericin, and 

skyrin were investigated by HPTLC-negative ion DESI-HRMS in crude extracts of six Chilean 

dermocyboid Cortinarii (Chapter 4). The implementation of fragmentation experiments (MS2) for 

anthraquinones on HPTLC surfaces shows the potential of this technique as a valuable tool for the 

detection of this compound class. HPTLC reduces sample preparation steps, provides good 

separation efficiencies and can be performed in an automated and controlled way with respect to 
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the sample application and the development of the plate. These investigations illustrated the 

feasibility and capacity of HPTLC-DESI-HRMS as a rapid first screening method for the analysis 

of anthraquinones in complex mixtures, which may be used in the analysis of anthraquinones in 

food, plants, fungi, dyes, and cosmetic and pharmaceutical products. 

A comprehensive discussion covers several areas and aspects of modern natural product research 

(Chapter 5). In summary, high-resolution mass spectrometry-based analysis, complemented with 

other analytic techniques, represents a sophisticated approach for the identification and 

characterization of natural products from plant and fungal crude extracts.  
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Zusammenfassung  

Naturstoffe aus Pflanzen, Pilzen und Mikroorganismen bleiben eine der wichtigsten Quellen für 

neue bioaktive Verbindungen, die zum Beispiel für die Entwicklung von pharmazeutischen 

Produkten von großer Bedeutung sind. Heutzutage stellt die Anwendung und Kombination 

fortschrittlicher Analysemethoden in Verbindung mit anspruchsvollen Data-Mining-Ansätzen die 

Grundlage für die Erforschung und Entdeckung von Naturstoffen dar. Im Rahmen dieser Arbeit 

wurden effektive Arbeitsabläufe für die eingehende Untersuchung der Sekundärmetabolitenprofile 

von Pflanzen (Balsaminaceae), Mikro- (Sepedonium) und Makropilzen (Cortinarius) unter 

Verwendung fortschrittlicher analytischer Kopplungstechniken, im Speziellen UHPLC-ESI-

HRMS und HPTLC-DESI-HRMS entwickelt. Zielgerichtete und ungerichtete (umfassende) 

Metaboliten Analyse-Ansätze wurden verwendet, um die chemische Vielfalt innerhalb 

verschiedener Spezies zur Dereplikation sowie Identifizierung vorhandener Metaboliten zu 

untersuchen. Zusätzlich wurden mögliche chemophenetische Marker für die Artendifferenzierung 

sowie das Vorhandensein neuer bioaktiver Metaboliten (unterstützt durch Bioaktivitätsscreening) 

untersucht. 

Ein nicht-zielgerichteter Ansatz zur Untersuchung der intraspezifischen Varianz basierend auf 

DC-, UHPLC-ESI-HRMS- und NMR-Metabilotenprofilen von 31 Impatiens-Arten und der 

monophylletischen Schwesterart Hydrocera triflora (mit 19 phytochemisch nicht untersuchten 

Arten) zeigte eine hohe Variabilität der Sekundärmetaboliten in den Blattextrakten (Kapitel 2). 

Die Kombination von UHPLC-ESI-HRMS und NMR ermöglichte dabei ein vollständigeres Bild 

des Metaboloms. Erste phytochemische Untersuchungen von I. racemosa DC, I. ethiopica Grey-

Wilson und I. flanaganae Hemsl führten zur Isolierung und Charakterisierung von 

Dihydrochalconderivaten, Astragalin und 2-Methoxynaphthochinon. Untersuchungen zur 

biologischen Aktivität zeigen das antibakterielle Potenzial verschiedener Impatiens Arten (wie z. 

B. I. andringitrensis, I. arguta, I. balansae) und Hydrocera triflora.  

Mittels intensiver und zielgerichteter UHPLC-ESI-HRMSn-Untersuchungen wurden in dem 

angereicherten Rohextrakt von Sepedonium microspermum zwei neue zyklische Pentapeptide 

(Microsporide A and B) nachgewiesen und deren Primärstrukturen sequenziert (Kapitel 3). Mit 

Hilfe einer MS-geleiteten Isolierung konnte Microsporid A als Isomerengemisch und das bereits 

in der Literatur beschriebenede Chrysosporid gewonnen werden. Zusätzlich wurde die Synthese 

ausgewählter Peptide mittels Festphasenpeptidsynthese in Kombination mit einer Zyklisierung in 

Lösung etabliert, wodurch die absolute Konfiguration ihrer konstitutiven Aminosäuren bestätigt 

werden konnte. Hierbei konnte gezeigt werden, dass die Kombination aus fortschrittlichen 

Analysetechniken, Isolierung und Synthese ein leistungsfähiger Ansatz für die Identifizierung von 

Naturstoffen ist. 
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Rohextrakte von sechs chilenischen dermocyboiden Cortinarii wurden mittels HPTLC-Negativ-

Ion DESI-HRMS auf das Auftreten der Anthrachinone Physcion, Emodin, Endocrocin, 

Dermolutein, Hypericin und Skyrin untersucht (Kapitel 4). Fragmentierungsexperimente (MS2) 

für Anthrachinone auf HPTLC-Oberflächen zeigen das Potenzial dieser Technik als wertvolles 

Werkzeug für den Nachweis dieser Verbindungsklasse. HPTLC bietet ohne aufwendige 

Probenvorbereitung eine gute Trennleistung und kann in Bezug auf die Probenapplikation und die 

Entwicklung der Platte automatisiert und kontrolliert durchgeführt werden. Die entwickelte 

HPTLC-DESI-HRMS-Methode bildet ein schnelles erstes Screening-Verfahren für die Analyse 

von Anthrachinonen in komplexen Gemischen, welches in Zukunft bei der Analyse dieser 

Substanzklasse in Lebensmitteln, Pflanzen, Pilzen, Farbstoffen und Kosmetika angewendet 

werden kann. 

Abschließend werden verschiedene Bereiche und Aspekte der modernen Naturstoffanalytik 

umfassend diskutiert (Kapitel 5). Dabei wird der wertvolle Beitrag der hochauflösenden 

massenspektrometrischen Analyse, ergänzt durch andere Analysetechniken, zur Identifizierung 

und Charakterisierung von Naturstoffen aus pflanzlichen und pilzlichen Rohextrakten 

herausgestellt. 
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Chapter 1 - General Introduction and Objectives 

1.1 Nature - a unique source for today’s drug discovery 

Nature offers a vast, renewable, and highly diverse library of chemical compounds that allows 

science to move a step forward to a sustainable development and humankind wellbeing. In this 

sense, the exploration of the high chemical diversity and biochemical specificity underlying 

natural products (NPs) has contributed significantly to the health care for the treatment of diseases. 

A remarkable example of this statement arises from the fact that about 56% of all small-molecule 

drugs approved between 01/1981–09/2019 are NP-based or NP-inspired compounds.[1] This shows 

that NPs remain a major source of new chemical entities with potential applications for drug 

discovery, especially as anticancer drug or anti-infective agents to overcome existing resistances.[2-

17] 

1.2 The origin, structural diversity and function of natural products 

When coming to natural sources, it is important to note that organisms produce numerous and 

diverse assortments of organic compounds. The great majority of them are specialized metabolites, 

oftentimes referred to as “secondary metabolites”, that do not appear to participate directly in 

growth and development but are necessary for the survival of the producer organism in a given 

environment. In contrast, “primary metabolites”, including amino acids, lipids, and carbohydrates, 

are essential to sustain life and physiology purposes.[18] 

Whereas there is a clear difference regarding functions and roles that primary and secondary 

metabolites play in organisms, there is not a clear way to differentiate them on the basis of 

precursor molecules, chemical structures, or biosynthetic origins. Therefore, conventionally it is 

adopted a functional definition, with primary metabolites associated to nutritional and essential 

metabolic processes inside organisms, and secondary metabolites mediating ecological 

interactions between an organism and its environment. 

The evolutionary origin of secondary metabolites can be rooted to genetic events, such as gene 

duplication, mutation, recombination, or even insertion of a transposable element.[19] On the other 

hand, its evolutionary change in a trait - whether the trait is maintained and regulated, or 

completely eliminated - can be attributed to biotic agents. While some variability in secondary 

metabolites composition might not play an adaptive role, much of the diversity of these natural 

compounds almost certainly results from both biotic and abiotic selection. Thus, ecological and 

physiological factors seems to have huge implications on secondary metabolites diversity.[20] In 

plants for example, nutritional factors,[21] light,[22,23] temperature,[24] and humidity[19] influence the 

production, distribution and structural diversity of phytochemicals. 



Chapter 1  

 

6 

 

Consequently, the structural diversity of secondary metabolites is the result of the continuous 

interaction of the producer organism with the high variability of its biotic and abiotic environment. 

Some of these interactions may be antagonistic, triggering the synthesis of chemical defenses.[25-

27] While others, may be symbiotic or mutualistic, developing specific pools of chemical 

compounds to tackle specific kinds of interactions. The inherent necessity of nature for using 

structural diversity as key tool in these interplays should not be analyzed in trivial way, rather on 

a multifactorial scale: an organism has to struggle with a wide array of other organisms, those 

“contenders” are differentially adapted against chemical defenses, which mean that certain 

chemical compounds might be used as host-recognition cues. These "contenders" might play a 

differential role as agents of mortality in space and time. The presence of toxins in some tissues 

might be detrimental in mutualistic interactions. Because of the variability that exists in the 

interaction between organisms and their contenders, differential selection can lead to the evolution 

of a suite of chemicals within a species, at least in part due to synergistic or additive interactions 

among chemicals. Also, because of the variability that exists in the interaction between organisms, 

differential selection can lead to differentiation in chemistry between populations; and because of 

the differential effectiveness of these combinations of chemicals against individual “contenders”, 

mechanisms allowing independent regulation (e.g., inducibility) of individual components should 

be operable, to allow for optimal biosynthesis of a suite of chemicals.[19,23] For that reason, at a 

certain time and population, the selection regime will be unique; in consequence, it is expectable 

that the associated metabolites profile will be as well unique, but at the same time highly diverse 

in a multiple zoom out view. Overall, the characteristic diversity of secondary metabolites and 

their functions can be explained according to the manner in which the pathways initially evolved 

and have subsequently been exploited. 

1.3 Bioactivity of natural products and their pharmacological use 

The use of natural sources for treating diseases have been around since the first human 

communities. Medicines based on what nature could offer for millennia have allowed the treatment 

of diverse conditions ranging from infections to gastric disorders to pain management to 

psychiatric syndromes. Most of the ancient therapeutics known relied on mixtures of plant 

products in different ways, sometimes consumed or applied directly, at times administrated after 

processing, for example through extraction of active ingredients using water (teas) or alcohol 

(tinctures), or even fermented. In a sense, one might say that the information compiled for the 

production of many of these earliest medicines set the ground for modern pharmacological 

knowledge.[28-30] 

The first systematic efforts to isolate, purify and chemically analyze the medicinally active 

ingredients from plant-derived traditional medicines date from the 19th century. Representative 

examples of those endeavors are the opiate morphine, the anti-malarial quinine and the analgesic 

salicylic acid.[31] The 20th Century would complement plant-derived medicines with natural 
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products derived from microorganisms. The discovery of microbes and the ability to culture them 

in the lab, significantly expanded the known repertoire of natural products. Microbial natural 

products stand out for their effectiveness as antibiotics and antifungals, e.g., penicillin, 

amphotericin, etc., but also as anticancer drugs, e.g. doxorubicin, immune-suppressing agents, e.g. 

rapamycin, cholesterol lowering medicines, e.g. lovastatin, and antiparasitics, e.g., avermectin.[5,32] 

For understanding why NPs are privileged for clinically useful bioactivity, once again it is 

necessary to spotlight their evolution through natural selection, aiming to provide an evolutive 

advantage to their producing organisms. This advantage is the result of effective engagement of 

the compound(s) with their cognate biologically relevant receptors or targets. Therefore, the 

biological activity of NPs is the result of its intrinsic physico-chemical characteristics. In 

comparison with chemically synthesized molecules, NPs deploy a set of enriched chemical 

features an increased number of sp3-hybridized carbons and of chiral centres, fewer aromatic rings, 

larger macrocyclic aliphatic rings, lower nitrogen content and increased oxygen content. All these 

contribute to more complex three-dimensional structures. These characteristics elicit that NPs 

engage (more) effectively with biological targets then the usually more planar and 

stereochemically less complex structures prevailing in synthetic compound libraries.[10,17] 

 

Figure 1.1. Some representative natural products/natural-products-inspired small-molecules and natural-product-

based drugs.[1] 



Chapter 1  

 

8 

 

In consequence, NPs span a broad spectrum of biological activity covering anti-microbial,[9] anti-

inflammatory,[33] anti-helminth,[34] anti-diabetic,[35] and anti-cancer[36] activity, just to mention 

some. Nowadays, it is well accepted among the scientific community that NPs are modern and 

effective sources for new drugs, and serve as the most important new drug discovery template 

reservoir.[13,37-42] In this sense, the NPs have also served as feasible starting materials to generate 

compounds with improved and new therapeutic efficacy. This includes stability to host 

biochemistry and targeting of specific tissues, and extension of the receptor range beyond the 

known biological functions of the starting material itself.[43-47]  

The 21st century is witnessing a remarkable and progressive advance in natural-product-based 

drugs. In this context, there have been described compounds from diverse natural sources such as 

plants (including elliptinium, galantamine and huperzine), microbes (daptomycin) and animals 

(exenatide and ziconotide), as well as synthetic or semi-synthetic compounds based on natural 

products (e.g. tigecycline, everolimus, telithromycin, micafungin and caspofungin) (Figure 

1.1).[1,38,48,49] 

Recently, an astonishing number of natural-product-derived compounds are undergoing different 

stages of clinical development (Table 1.1). Although commonly the main focus on natural product 

projects is directed to cancer or anti-infective studies, there are many other therapeutic areas 

represented.[4,50] Another interesting approach explored within the last years comprises the use of 

mixtures of natural compounds from traditionally used medicines for the development of 

commercial products.[51] 

Table 1.1. Natural-product-based drugs at different stages of development.
 

Origin Plant Bacterial Fungal Animal Semi-synthetic Other Totala 

2018 248 51 28 30 57 45 459 

2019 266 43 27 35 59 69 499 

Source: Pharmaprojects database (February 2019), a Only compounds belonging to the Top 25 origins of pipeline drugs for the 

accounted period. 

So far, plant and microbial sources stand among the main leads in the development from natural 

products. Considering that relatively little of the world’s plant biodiversity has been extensively 

screened for bioactivity and that very little of the estimated microbial biodiversity has been 

available for screening,[42,52,53] it is reasonable to forecast that in the upcoming years, researches 

in these areas will provide many novel chemicals for use in drug discovery assays. In addition, 

recent advances in genomics,[50,54] along with increasingly sophisticated gene mining[55-57] and 

manipulation,[58] amplified by synthetic biology strategies[59,60] might expand significantly the use 

of natural products in drug discovery.  
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1.4 Analytical techniques in natural product discovery 

As discussed above, natural products (NPs) constitute a rich source of bioactive compounds. In 

consequence, the screening of NPs for the identification of new chemical entities plays a pivotal 

role in both, drug discovery and development (Figure 1.2). The workflows to obtain well-

characterized bioactive NPs as hits and then as lead compounds might be extremely challenging 

regarding effort, time consumption and costs.[7,61] 

The high complexity of the biological matrix (natural crude extracts), which is the starting point 

of natural product research, makes the work with NPs difficult. Each extract contains typically 

only a few main constituents and hundreds or thousands of less abundant ones. However, the lower 

concentrated compounds are often related to the bioactive secondary metabolites. To face these 

concentration differences and to enable the identification of the NPs, metabolite profiling methods 

are required, which cover a broad linear dynamic range and generate information rich spectra for 

their full or partial identification.[62]  

 

Figure 1.2. Overview of workflow and analytical techniques for natural product isolation and identification.  

For the isolation and identification of a bioactive natural product from natural crude extracts 

(pharmacognosy) different approaches were developed in the last decades. They can be classified 

in five groups: bioactivity-guided fractionation, synergy-directed fractionation, metabolic 

profiling strategy, metabolism-directed (biotransformation focused) approach and finally direct 

phytochemical isolation.[17,28]  

For the full characterization of the isolated metabolites a combination of different analytical 

methods, nuclear magnetic resonance spectroscopy (NMR), high-resolution mass spectrometry 

(HRMS), and chiroptical techniques (e.g. circular dichroism), are used to obtain their structure and 

the absolute configuration.[63] This process of natural product isolation and identification is often 

lengthy and cost-intensive. However, it has led to the major and important findings in natural 
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product research like the discovery of the antimalarial compound artemisinin by Professor Tu 

Youyou.[64] 

To overcome these drawbacks, a key feature was the development and application of new, more 

efficient and sensitive analytical techniques, along with more effective high-throughput 

approaches for the identification of compounds with the desired biological effect within a complex 

matrix.[1] These metabolic profiling approaches allow dereplication – the differentiation of novel 

compounds from known ones – prior isolation.[65] 

1.4.1 Metabolomics and metabolite profiling in natural product research 

Besides metabolic profiling, metabolomics became an important tool in life science since the 

beginning of the 2000s.[66] In a general approximation, metabolomics might be defined as the 

scientific field in charge of studying the small molecules in a biological system. In a stricter sense, 

metabolomics is understood as an all-inclusive analytical approach for the identification and 

quantification of metabolites in a biological system, in a non-selective and broad scope way. With 

its universal approach, metabolomics provides a ‘snap shot’ of the metabolome of a given 

organism at a given time, aiming to achieve the complete set of metabolites, detect differences 

between them and generate hypotheses to explain these differences.[67,68] 

 

Figure 1.3. Combination of NMR and LC-HRMS for metabolite profiling or fingerprinting of crude extracts. Spectra 

shown in this figure are based on data acquired along this PhD project. 
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In metabolomics, the profiling of different constituents in complex biological matrices or extracts 

can be accomplished on several levels according the scope of the different techniques and 

concepts.[69] While “metabolite target analysis” directs the investigation to specific metabolites 

associated, e.g., with a particular pathway, “metabolite profiling” aims to analyze a larger group 

of metabolites that is either related to a specific metabolic pathway or a class of compounds.[70] 

On the other hand, “metabolite fingerprinting” is an untargeted approach that allows a rapid 

classification of samples; the aims of this methodology is, at least initially, not the identification 

and quantification of metabolites rather than to generate patterns or “finger-prints” of metabolites 

that change in a given biological system. In this last approach, the use of multivariate data analysis 

(MVDA) is applied to generate hypothesis based on samples difference and classification.[26] 

In metabolite investigations (metabolomics) a diverse range of analytical techniques are used for 

the study of metabolites in complex biological samples, such as mass spectrometry,[71-75] NMR 

spectroscopy,[76-82] and infrared spectrophotometry,[83-86] among others.[87-91] Due to the complexity 

of biological systems, the intrinsic size of a given metabolome, as well as its chemical diversity, a 

single analytical technique is not sufficient for a comprehensive analysis of all metabolites in a 

biological model, and the utilization of multiple technologies is necessary. In order to expand the 

limits of metabolite detection and to assess the dereplication, new methods are being 

combined.[65,90,92] An example of this approach for metabolite profiling or fingerprinting is 

highlighted in Figure 1.3. 

1.4.2 Mass spectrometry  

Mass spectrometry (MS) is one of the most widely used analytical techniques for metabolite 

detection and identification.[93] Due to high speed, enhanced resolution (high-resolution MS), and 

greater sensitivity, it has become a method of choice for the rapid and sensitive determination of 

secondary metabolites, including those that appear at lower concentrations.[94-96] The rapid and 

continuous development of high-resolution mass spectrometer possessing Orbitrap and Time-of-

Flight (TOF) analyzers broadened the applicability of MS towards broader linear dynamic ranges 

and the possibility to obtain information about elemental compositions of the analytes. The 

application of different ionization principles like electrospray ionization (ESI), atmospheric 

pressure chemical ionization (APCI), desorption electrospray ionization (DESI),[97] matrix assisted 

laser desorption/ionization (MALDI) using positive and negative ionization modes; the possibility 

of fragment generation (through e.g. collision-induced dissociation (CID), higher-energy collision 

induced dissociation (HCD), electron-transfer dissociation (ETD)); and different ion separation 

techniques display the versatility of mass spectrometry-based methods.[93,98] Furthermore, 

fragmentation reactions are an important tool for the structural elucidation of natural products.[99] 

Compared with NMR, the sensitivity and resolution of MS is considerably higher, enabling the 

detection of a huge number of metabolites.[68] However, the main drawback associated to 
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qualitative and quantitative MS analysis is that detection is extremely dependent on the capability 

of metabolites to ionize under particular ionization conditions.[75] In order to enhance resolution 

and diminish the effect of the complex matrix on ionization, a common approach is the use of 

hyphenated separation technologies such as coupling the MS with chromatographic system like 

liquid (LC) or gas chromatography (GC).[100-102] The chromatographic separation of metabolites 

based on differences in their physicochemical properties allows a certain degree of fractionation 

that often is beneficial for the efficient detection, identification and quantification of the different 

metabolites in a complex mixture. Therefore, profiling methods should involve suitable 

chromatographic resolution to meet the standards for data acquisition and dereplication.[26] 

1.4.3 Nuclear magnetic resonance spectroscopy (NMR) 

Nuclear magnetic resonance spectroscopy (NMR) is commonly employed in metabolomics for 

catching an insight into the purity and molecular structure of metabolites under investigation.[78,91] 

Its scope of applications in metabolomics encompasses metabolite fingerprinting, profiling, 

natural product dereplication and metabolite flux analysis.[91,103-105] NMR allows to obtain spectral 

data in a quantitative and highly reproducible manner, offering an alternative for those metabolites 

that are difficult to ionize or would require derivatization for MS analysis.[105] Though, compared 

to MS it possesses low sensitivity and its capability for the investigation of a large amount of 

metabolites at low abundance is extremely limited.[106] Therefore, important metabolites such as 

biomarkers may remain undetected if their concentrations are too low in abundance, requiring 

larger number of scans and consequently longer measurement time or could also be resolved by 

employing higher magnetic fields.[91]  

Hyphenated HPLC-NMR have been described for the rapid and detailed structural characterization 

of unknown mixtures. Despite the nowadays existing challenges regarding NMR data 

interpretation of complex mixtures or crude extracts analysis, various applications of HPLC-NMR 

and integrated HPLC-NMR-MS have been shown in drug discovery.[102,103,107,108] 

1.5 Multivariate data analysis and chemometrics 

Multivariate data analysis (MVDA) arises as a key tool for the visualization and interpretation of 

the large datasets generated with the modern analytical methods. MVDA approaches aim for 

reducing dataset dimensionality in order to gain an understanding of the dataset trends produced 

from tested samples and evaluate the significant variations that occur at the metabolome level.[109] 

Among the different techniques employed for the conversion of highly multivariate data into 

compatible and interpretable sized data, principle component analysis (PCA) highlights as the 

most commonly used one. PCA is an unsupervised method mostly employed for a hypothesis-free 

explorative analysis.[110] This method allows to define datasets by converting a large number of 

correlated variables into smaller linear datasets.[111] The outcome of the PCA analysis is depicted 
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into a scores scatter plot showing patterns that are associated with fundamental arrangements 

present in the dataset divided into separate clusters by grouping the samples into specific metabolic 

phenotypes.[112] Overall, PCA allows to find patterns in the data matrix by producing clusters of 

columns (samples) or rows (features) that have comparable designs, enabling for group 

differentiation by identifying respective distinguishing metabolic features.[113] 

In summary, metabolomics and metabolic profiling in combination with powerful data mining and 

data analysis strategies has shown great potential as a tool for evaluating new sources of bioactive 

natural substances using low amounts of material. Still, a large number of plants and fungi are not 

yet chemically investigated giving space for future research. Furthermore, the problem of matrix 

effects and method optimization for the optimal detection and characterization of a high variety of 

secondary metabolites within crude extracts remains challenging. The unambiguous identification 

of each individual natural product in an extract using generic methods is still challenging and needs 

further investigation to understand e.g. fragmentation pathways. 

1.6 Aim of PhD work 

The general objective of the present thesis was thus the in-depth investigation of the secondary 

metabolite profiles of plants and fungi using advanced analytical hyphenated techniques, in 

particular UHPLC-ESI-HRMS and HPTLC-DESI-HRMS, for the identification of new bioactive 

compounds.  

In particular, the following aspects were covered within the investigations: 

- Development and optimization of efficient workflows for high-resolution mass 

spectrometry-based metabolic profiling approaches 

- Characterization and comparison of secondary metabolite profiles of plant and fungal 

crude extracts 

- The interpretation of fragmentation pathways obtained from high-resolution mass 

spectrometry experiments for metabolite annotation and its use as template for natural 

product total synthesis  

- Bioactivity screening of extracts and isolated compounds for the evaluation of their 

potential as possible sources of new bioactive natural products 

- Isolation, characterization and structural elucidation of secondary metabolites from 

phytochemically not investigated species 

- Application and evaluation of HPTLC-DESI-HRMS for the screening of anthraquinones 

from fungi as a tool for chemophenetic comparison 
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Chapter 2  

-  

Exploration and Comparison of the Secondary 

Metabolic Profiles of Impatiens species and Hydocera 

triflora (Balsaminaceae) Leaf Extracts using non-

targeted Analytical Approaches 

Abstract* 
The genus Impatiens is one of the largest genera in angiosperms with more than 1000 species. 

Only a few have been characterized in terms of their phytochemical and pharmacological 

properties. In the present study, 31 Impatiens species and Hydrocera triflora, grown in the 

botanical garden of Bonn, were investigated and compared regarding their metabolic profiles using 

a non-targeted LC-ESI-HRMS and 1H-NMR profiling approach. The results revealed the presence 

of a great variety of natural products, especially flavonoid glycosides, hydroxycinnamic acid 

derivatives, coumarins, naphthalene, and naphthoquinone conjugates within the investigated 

species. The comparison and chemometric analysis of the data indicated that flavonoid glycosides 

are the major compound class present in Impatiens species and its monotypic sister Hydrocera 

triflora. Possible chemophenetic marker compounds like coumarins, dihydrochalcones, xanthones 

or napthoquinones detected in this study only appear in some species suggesting a more detailed 

analysis of the genetic and chemical relationsships towards a subdivision of the genus Impatiens. 

Furthermore, a biological activity screening of the investigated species showed their potential as 

source for new antibacterial natural products. The detailed phytochemical investigation of 

Impatiens racemosa, I. ethiopica and I. flanaganae revealed the occurrence of dihydrochalcones 

in Impatiens species and confirmed the presence as well as the antibacterial properties of 2-

methoxy-1,4-naphthoquinone. To the best of our knowledge, this is the most comprehensive study 

on the secondary metabolite profiles and antibacterial properties of the leaf extracts of a high 

number of Impatiens species as well as the first report on the phytochemical composition of 

Hydrocera triflora and 19 Impatiens species.  

 

* This Chapter corresponds to a manuscript in preparation:  

Laub, A.; Franke, K.; Schmidt, J.; Porzel, A.; Abrahamczyk, S.; Weigend, M.; and Wessjohann, L.A. Secondary metabolic profiling 

of 31 Impatiens species and Hydocera triflora (Balsaminaceae) leaf extracts by LC-HRMS and NMR in combination with 

chemometrics. 
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2.1 Introduction  

The family of Balsaminaceae consists of two genera, the genus Impatiens with more than 1000 

species displaying one of the largest genera in angiosperms, and its monotypic sister Hydrocera.[1-

6] Whereas members of the genus Impatiens are geographically widely distributed – mainly in 

tropical, subtropical and temperate climate zones, in Asia, Africa, Europe, Central and North 

America[7-11] –, Hydrocera triflora Weight-Arn, the single member of Hydrocera, its sibling genus, 

grow in the Indo-Malaysian Tropical region.[1,9] The monotypic H. triflora is a semiaquatic plant 

possessing the distinct characteristic of having dark-red, fleshy, and floatable berries. The genus 

Hydrocera is a perennial herb with rose flowers possessing free petals and sepals, which 

differentiate it from Impatiens species (see Figure 2.1 A). Hydrocera has been poorly investigated, 

and reports on it are merely morphological.[1,4] 

 

Figure 2.1. Pictures of and Hydrocera triflora (L.) Wight & Arn. (A), Impatiens noli-tangere L. (B), Impatiens 

niamniamensis Gilg. emdend G. M. Schulze  (C). (Copyright Dr. Stefan Abrahamczyk) 

The scientific name of the genus Impatiens (lat. impatiens = impatient) is based on the small, green, 

and juicy capsules, which explode at seed ripeness already at the slightest touch and sometimes 

can be thrown sometimes far meters. Therefore, these plants are also known as “touch-me-nots”.[12] 

Impatiens species are predominantly annual or perennial herbs, rarely single woody plants growing 

from sea level to 4000 m altitude. They are often found in forest margins, in valleys, roadside 

troughs, and along rivers on humid soils.[5,13] 

The majority of the species – e.g. 91% of the southern Indian species, and almost all species of 

Madagascar – are locally endemic.[2,14,15] They possess soft, semi-succulent stems and fleshy 

undivided, often serrated or lobed leaves.[7] Their fragile and zygomorphic flowers exhibit a large 

diversity in corolla color and morphology (Figure 2.1 B, C). Therefore, the genus Impatiens has 

been regarded as “dicot counterpart of the orchid” and is of interest to horticulturalists.[9] However, 

its ornamental use sometimes presents detrimental effects since some species become invasive 

weeds (neophytes), e.g. I. glandulifera Royle, I. capensis Meerb., I. parviflora DC., provoking 

negative impact on native species diversity and habitats.[16-18] 

Interestingly, some Impatiens species, as in the case of I. balsamina L. and I. textori Miq., possess 

nutritional and pharmaceutical properties, and are used in traditional folk medicine for 

antimicrobial, antirheumatic, antipruritic, and antitumoural purposes, as well as for the treatment 
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of difficult labour, superficial infections, fingernail inflammation, detoxification, carbuncles 

bruises, beri beri, and puerperal pain.[19-25] 

The taxonomic differentiation of the genus Impatiens is difficult due to the heterogeneity of their 

morphological characters.[7,9,26,27] However, molecular phylogenetic data has contributed greatly 

to understand the relationships within the genus Impatiens.[3,9,28-33] In 2016, Yu et al.[5] provided 

the most comprehensive phylogenetic study up to date. Yu´s work describes the phylogenetic 

investigation of 150 Impatiens species, combining forty-six morphological characters and the 

phylogenetic relationships using three genetic regions, including nuclear ribosomal internal 

transcribed spacer (ITS) and plastid atpB-rbcL and trnL-F. The outcome of this study was that 

Impatiens splits into two major clades. Species with three-colpate pollen and four carpels form a 

monophyletic group (clade I), while clade II shows seven well-supported subclades (A-G) 

confirming the previously reported data.[5] 

Besides their morphological and genetic complexity, Impatiens species also exhibit a wide and 

diverse phytochemical profile. Different approaches to investigate the metabolic profile of 

different Impatiens species have been done, including the targeted profiling towards their 

flavonoid and phenolic compounds,[34-36] as well as one untargeted metabolic analysis of different 

leaf and stem extracts of I. balsamina.[37] Futhermore, several efforts for the isolation of secondary 

metabolites from different Impatiens species has resulted in the identification of phenolic 

compounds (e.g. flavonoids[20,38-43], phenols[34,44,45], and coumarins[46,47]), alkaloids[48], quinones 

(e.g. naphthoquinones[49-55] and dinaphthofuran-7,12-dione derivatives[56,57]), naphtalenes[58,59], as 

well as triterpenes (e.g. triterpenoids[60,61], steroids[62,63] and saponins[25,64-66]), polysaccharides[67], 

and fatty acids.[68] The phytochemistry of Impatiens species was reviewed in 2018.[69]  

Impatiens species exhibit a broad spectrum of biological activity. Several species show a high 

antioxidant and antimicrobial potential due to their broad spectrum of flavonoid and polyphenol 

derivatives.[34,40,42,43,70,71] Additionally, antifungal[72,73], antianaphylatic, and anti-tumor activity 

against HepG2 cells[52] are associated with naphthoquinones isolated from flowers and leaves of I. 

balsamina, e.g. 2-methoxy-1,4-naphthoquinone (2-MNQ) and 2-hydroxy-1,4-naphthoquinone 

(lawsone). 

Relevant attention has to be drawn to the bioactivity investigation of crude extracts from different 

Impatiens.[21,70,74-84] In this direction, extracts of the aerial parts of I. balfourii, I. balsamina, I. 

glandulifera, and I. noli-tangere were tested in vitro for their antibacterial and antifungal activities, 

showing potential activity against gram-positive bacteria.[34]  
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2.2 Aims and Scope 

Due to the lack of information on the phytochemical composition of a great number of species 

belonging to Balsaminaceae family, and the possible use of specific compounds as chemophenetic 

markers being useful for species delimitation, there is a necessity for further investigations. 

Additionally, the search for novel antiinfective natural compounds is still an important research 

area in the pursuit for new effective drugs. The aim of the present research work was to perform 

an exploratory investigation for the comparison of the secondary metabolite profiles of leaf 

extracts from 31 Impatiens species and Hydrocera triflora based on untargeted LC-ESI-HRMS 

and 1H-NMR approaches. Additionally, a bioactivity screening should lead to Impatiens species 

that could be used for further phytochemical investigations towards the isolation of new bioactive 

natural products. 

2.3 Results and Discussion 

Leaves of 31 Impatiens species as well as from Hydrocera triflora were collected in 2015 in the 

Botanical Garden in Bonn by Dr. S. Abrahamczyk including two new species, I. species 34628 

and I. species 34558 from Africa (Table 2.1). The lyophilized material was ground using a ball 

mill to ensure a homogeneous powder. Different extraction solvents (methanol, ethanol, 80% 

aqueous methanol, acetone, n-hexane) were tested in order to assess the most suitable one for a 

maximum metabolite extraction. After comparison of the different extracts, by thin-layer 

chromatography (TLC), LC-MS and 1H-NMR, methanol was chosen as optimal solvent providing 

the broadest spectrum of metabolite extraction.  

In the first stage, TLC was used in order to have an overview of the leaf extracts. For a deeper 

analysis of the metabolite profiles, an untargeted analysis using UHPLC-ESI-HRMS was 

performed to obtain specific fingerprints of the selected species. Multivariate data analysis (PCA) 

was applied for comparison of the obtained profiles and to find unique compounds within the 

species. The compounds were manually annotated supported by the comparison of known 

reference spectra using databases and software tools like Reaxys, massbank.eu and Metfrag. The 

crude extracts were further analyzed by 1H-NMR in order to overcome the limitations regarding 

non-ionizable metabolites present in the complex matrices.  

In addition, a biological screening against the gram-negative bacterium Aliivibrio fischeri, the 

gram-positive Bacillus subtilis, the nematode Caenorhabditis elegans and the cancer cell lines HT-

29 (human colon cancer) and PC3 (human prostate cancer) was conducted. Due to its special 

metabolite composition, the leaf extract of I. racemosa DC., was further chromatographically 

separated to obtain the main constituent. Furthermore, the methanolic leaf extracts of Impatiens 

ethiopica Grey-Wilson and I. flanaganae Hemsl. were phytochemically investigated to 

characterize those compounds, which caused the detected high antibacterial activity within the 

performed bioactivity screenings.  
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Table 2.1. Sample information of Impatiens and Hydrocera leaf samples. 

Species Code Herbarium voucher 
Clade/ 

Subclade 
Section 

Ancestral 

origin⊥ 

Impatiens andringitrensis H. Perrier AND xx-0-BONN-36655 II / G Uniflorae Madagascar 

Impatiens arguta Hook. fil. & Thomson ARG xx-0-BONN-28423 II / C Fasciculatae Asia 

Impatiens balansae Hook. fil. BLN VN-0-BONN-36588 I / none Clavicarpa Asia 

Impatiens balfourii Hook. fil. BLF xx-0-BONN-36126 II / B n.d. Asia 

Impatiens balsamina L. BLS xx-0-FRT-0000/1958 II / G Uniflorae Asia 

Impatiens bicolor Royle BCL xx-0-BONN-36979 n.d. n.d. Asia 

Impatiens bisaccata Warb. BSC MG-0-BONN-36496 n.d. n.d. Madagascar 

Impatiens burtonii Hook.fil. BRT RW-0-BONN-11528 II / G Uniflorae Africa 

Impatiens capensis Meerb. CPN DE-0-BONN-35960 II / D Impatiens 
North 

America 

Impatiens edgeworthii Hook. f. EDG 
37204 (ID 11060, 

from Berlin) 
II / B n.d. Asia 

Impatiens ethiopica Grey-Wilson ETH xx-0-BONN-36142 n.d. n.d. Africa 

Impatiens flanaganae Hemsl. FLN xx-0-BONN-35967 II / E Tuberosae Africa 

Impatiens glandulifera Royle GLN xx-0-BONN-3774 II / B n.d. Asia 

Impatiens grandis B. Heyne GRN xx-0-BONN-13388 n.d. n.d. Asia 

Impatiens hochstetteri Warb. HCH KE-0-BONN-17872 n.d. n.d. Africa 

Impatiens marianae Rchb. fil. ex Hook. fil. MRN XX-O-Z-20090082 n.d. n.d. Asia 

Impatiens mengtszeana Hook. fil. MNG xx-0-BONN-36134 II / G Uniflorae Asia 

Impatiens namchabarwensis NMC 
ZW-0-HBG-89-G-

1021 (36593) 
n.d. n.d. Asia 

Impatiens niamniamensis Gilg. emdend G.M. 

Schulze 
NMN RW-0-BONN-11521 II / G Uniflorae Africa 

Impatiens noli-tangere L. NLT DE-0-BONN-33527 II / D Impatiens Asia 

Impatiens platypetala Lindl. PLT xx-0-BONN-36569 II / G Uniflorae Asia 

Impatiens puberula DC PBR NP-0-BONN-36758 n.d. n.d. Asia 

Impatiens racemosa DC RCM xx-0-BONN-36980 II / B Racemosae Asia 

Impatiens repens Moon RPN xx-0-BONN-33522 II / G Uniflorae Asia 

Impatiens rothii Hook. fil. RTH xx-0-BONN-36141 II / E Tuberosae Africa 

Impatiens scabrida DC SCB xx-0-BONN-36760 II / B Racemosae Asia 

Impatiens sodenii  Engl. & Warb. SDN xx-0-BONN-28429 II / G Uniflorae Africa 

Impatiens spec. (Nr. 36248) 362 BI-O-Bonn-36248 n.d. n.d. Africa 

Impatiens spec. (Nr. 34558) 345 RW-0-BONN-34558 n.d. n.d. Africa 

Impatiens textori Miq. TXT xxx-0-BONN-37372 II / D Uniflorae Japan 

Impatiens tinctoria var. elegans TNC xx-0-BONN-36145 II / E Tuberosae Africa 

Hydrocera triflora (L.) Wight & Arn. HYD xx-0-BONN-35302 Out group - Asia 

 Genetic information (clade, subclade, section) from [5,9,29,30], ⊥ Oigin information from [8,9,85], n.d. = non defined 

 

2.3.1 Thin-layer chromatography (TLC) 

Thin-layer chromatography (TLC) is used as a fast and effective method for the separation of 

complex mixtures such as plant extracts. This method is widespread in the Pharmacopeias and acts 

as quality control for plant extract used in pharmaceutical applications. Furthermore, spray 

reagents enable a derivatization of specific compound classes. In this study, TLC was used as 

starting point to explore the variability of secondary metabolites present in the leaf extracts of the 

different species.  
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Figure 2.2. Thin-layer chromatograms of crude methanolic leaf extracts (c = 10 mg/ml, mobile phase: chloroform: 

methanol (9:1, v/v)), visualized using derivatization with vanillin-sulfuric acid reagent (A), under UV-light (366 nm 

(B) and 254 nm (C)). Rf ranges: I (0.55 – 1), II (0.5 – 0.8), III (0.2 – 0.6), IV (0 – 0.2). 

In Figure 2.2, the chromatographic separation of the methanolic leaf extracts on normal phase 

using chloroform/methanol (9:1, v/v) as eluents is shown. The used solvent mixture yielded a 

partial separation of the compounds present in the different extracts. More hydrophobic 

compounds show bands with higher Rf value, while highly polar compounds are retained in a lower 

Rf range between 0 - 0.2. At first view, the extracts under investigation show a complex 
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composition exhibiting a number of similarities but also clear differences in their metabolite 

patterns. Common bands between a Rf value 0.55 to 1.0 (I, Figure 2.2), which exhibit a strong red 

fluorescence under 366 nm (Figure 2.2 B, I) correspond to chlorophylls and their degradation 

products. Further common bands within this Rf range (II, Figure 2.2) are related to more 

hydrophobic compounds of the extracts like steroids, triterpenoids and related saponins, which are 

reported for this plant family.[25,63,64,66] This is supported by the blue color change after spraying 

with vanillin sulfuric acid reagent (II, Figure 2.2 A). 

The blue fluorescence band at Rf 0.8 (II, Figure 2.2 B) could refer to coumarins structurally related 

to 7-hydroxycoumarin used as reference which show a high Rf value using the same eluent system 

(Appendix, Table A.1, Figure A.1). Flavonoid aglycons, like the reference compound kaempferol, 

are found in the middle range area of the TLC, while their glycosides are retained at lower Rf 

(section III of the TLC). Polyhydroxylated organic acids, like caffeic acid, appear in the lowest Rf 

range between 0 - 0.1 (IV, Figure 2.2). This differentiation is based on the comparison with 

reference compounds (Appendix Table A.1, Figure A.1), which confirm that the strong absorbance 

at 254 nm in the mentioned Rf ranges (section III and IV in the TLC) are corresponding with the 

aromatic rings of these structures (Figure 2.1 C) and the yellow color correspond to the flavonoid 

glycosides after derivatization (Figure 2.1 A). The dark red spots at the application line after 

derivatization (Figure 2.1 A) are related to the presence of polymerized catechins, flavan-3-ol 

glycosides or flavanone glycosides, as spotted by reference compound naringin (Figure 2.2 A, 

Appendix Figure A.1). 

Besides common bands, the extracts exhibit a number of species-specific compounds. The 

methanolic leaf extract of I. racemosa DC. exhibited a distinctive metabolite composition in 

comparison with the other extracts (Figure 2.2). The main constituents were identified after further 

phytochemical investigations as phlorizin (2.5, Scheme 2.1) and related dihydrochalcone 

derivatives (see 2.3.5), which cause the accentuated orange colored spots (Rf values 0.09, 0.18, 

0.44; Figure 2.2 A). The intense blue fluorescent band at Rf value of 0.07 at 366 nm in the extracts 

of I. arguta and I. capensis (Figure 2.2 B) belong to coumarin glycosides, as it was further 

confirmed by the UHPLC-ESI-HRMS analysis (see 2.3.2). The methanolic extract of I. grandis 

(GRN) exhibit a yellow-green spot at the application point (Figure 2.2 B), which was annotated as 

the xanthone-C-glycoside mangiferin based on its fragmentation behavior, as well as, on its typical 

absorbance maxima at 239, 258, 319 and 368 nm. (Table 2.2, Appendix Figure A.2).  

The investigation of the methanolic leaf extracts by planar TLC gave the first insights into the 

complexity of the extracts and enabled a first comparison of the different constituents of the 

investigated species. Furthermore, the properties under UV-light and after derivatization with 

vanillin-sulfuric acid spray reagent gave hints for the compound classes, like flavonoids, 

coumarins, dihydrochalcone derivatives and others. However, without reference substances or 

further characterization by other analytical methods, specific compound identification is rather 
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difficult. Therefore, a UHPLC-ESI-HRMS based profiling was performed to compare the different 

species and to annotate selected metabolites based on their fragmentation behavior. 

2.3.2 UHPLC-ESI-HRMS based profiling of Impatiens species and Hydrocera triflora 

For more in-depth analysis of the secondary metabolite profiles, their comparison, and the 

characterization of the chemical constituents, an untargeted UHPLC-ESI-HRMS based profiling 

was performed. The methanolic extracts were separated on a reversed-phase C18 column using an 

optimized gradient system. The detection was performed using a high-resolution Orbitrap mass 

spectrometer allowing the determination of the elemental composition of the detected m/z values. 

Furthermore, MS2 experiments using data-dependent acquisition were performed for a putative 

assignment of the metabolites. (see experimental part, 2.5.4) 

2.3.2.1 Method development and experimental design 

For the optimal extract concentration, a linear dynamic range analysis comprising a dilution series 

of the quality control sample (QC) was performed (see Appendix, Table A.2, Figure A.3). Two 

milligram plant material extracted in one milliliter LC-MS grade methanol showed best results for 

the detection of analytes in an intensity range between 104 -107. Besides the optimal extract 

concentration, the UHPLC gradient was optimized allowing a comprehensive elution of plant 

analytes within 15 minutes and to prevent carry over (Appendix, Figure A.4).  

Furthermore, the electrospray ion source conditions (spray voltage, source temperature, capillary 

temperature, sheath and auxiliary gas) were optimized using the flavonoid glycoside rutin as 

reference sample to enhance the ionization efficiency and to avoid in-source fragmentation as well 

as thermal degradation of the analytes during UHPLC-ESI-HRMS analysis. The samples were 

measured both in positive and negative ionization mode. Due to a higher number of detected peaks, 

a lower noise and better signal-to-noise ratio (S/N) in the total ion chromatogram (TIC) as well as 

a higher number of MS/MS spectra acquired in data-dependent mode, the negative ion mass 

spectra were used for further analysis.  

For controlling the performance of the UHPLC with respect to retention time shifts as well as for 

the external calibration of the instrument, an internal standard (kinetin, C10H9ON5, 20 µM) was 

used. This compound being not present in the extracts, did not coelute with any metabolite 

(Appendix, Figure A.4, tR 2.04 min) and, showed good ionization properties. In order to monitor 

the reproducibility of sample preparation and the instrument performance, a pooled QC sample, 

containing plant powder of all species, was prepared and analyzed alongside individual samples.  

2.3.2.2 Analysis and comparison of Impatiens and Hydrocera leaf metabolites  

Chemical constituents of the 31 examined Impatiens species and Hydrocera triflora leaf extracts 

were separated via reversed-phase UHPLC resulting in the representative total ion chromatograms 

shown in Figure 2.3.  
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Figure 2.3. Comparison of total ion chromatograms (TICs, m/z 100-1500) in negative ion mode of the investigated 

Impatiens species and Hydrocera triflora. (IS = internal standard Kinetin, P = peak number, see Table 2.2) 
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Very polar compounds such as organic acids were detected in the retention time range between 0 

to 2 minutes (Figure 2.3, Table 2.2), including the internal standard at tR 2.05 min. 

Hydroxycinnamic acid derivatives, coumarin conjugates, flavonoids, and naphthoquninones were 

found in the retention time range of 3 – 7 min (Figure 2.3) according on their substitution pattern 

(e.g. level of glycosylation, Table 2.2). Flavonoid aglycones, dihydrochalcone conjugates and 

some naphthoquinone derivatives showed a stronger interaction with the stationary phase and 

eluted later from the column. Metabolites, which showa high m/z value and a complex 

glycosylation pattern according to their mass spectral fragmentation, eluted at a retention time of 

7 to 8 minutes. Possibly, they belong to the class of saponins (Figure 2.3, Table 2.2). Peaks detected 

at tR 8.98 min, 9.50 min, and 10.15 min were identified as fatty acid derivatives based on the 

comparison with the methanol blank (Figure 2.3, Appendix, Figure A.4 F).  

Highly hydrophobic constituents, present in all species, elute with at higher proportion of 

acetonitrile between 11 to 15 minutes (Figure 2.3). The detection of the metabolites present in the 

different leaf extracts was performed using electrospray (ESI) high-resolution mass spectrometry 

(HRMS) to enable the determination of the elemental composition. The negative ion mass spectra 

are characterized by [M-H]- ions. In some cases, the formiate adduct [M-H+HCOOH]- was 

detected, e.g. in P114 and P146-P156 (Table 2.2). Mass spectral fragmentation studies using data-

dependent HR-MS2 experiments were performed for the peak assignment (Table 2.2). 

Furthermore, the four-level system for metabolite annotation suggested by Creek et al.[86] was 

applied. The main compound classes detected during the profiling are shown in Scheme 2.1. 

 

Scheme 2.1. Overview of main compound classes detected within the investigated Impatiens species and Hydrocera 

triflora using negative ion mode UHPLC-ESI-HRMS. Identified compounds based on UHPLC-ESI-HRMS and NMR 

possess a compound number. 
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2.3.2.3 UHPLC-ESI-HRMS annotation of leaf metabolites 

The most abundant peaks detected within the methanolic leaf extract of each species, as well as 

the eighty peaks which caused the main variance within the data set (Table 2.2, section 2.3.2.4), 

were further analyzed and annotated based on their fragmentation behavior revealing different 

compound classes. Mostly, they comprise carboxylic and phenolic acids, flavonoids, coumarins, 

dihydrochalcone derivatives, naphthoquinones and naphthalene conjugates (Table 2.2). A detailed 

description of the fragmentation behavior of the different compound classes is shown in the 

following paragraphs. 

2.3.2.3.1 Flavonoid conjugates 

Flavonoid glycoside conjugates represent a major compound class occurring within the Impatiens 

species, which were also detected in our study.[69] Derivatives of the known flavonoids kaempferol 

(P43, P46, P54, P55, P63, P64, P68, P69, P74, P75, P88, P90, P96, P99, P108, P113), quercetin 

(P40, P47, P53, P56, P57,  P58, P60, P61, P66, P67, P70, P76, P82, P86, P89, P101, P105, P11), 

apigenin (P36, P44, P59, P78, P81, P103), chrysoeriol (P91, P92, P109), myricetin (P41), 

eridictyol (P77), and gallocatechin/epigallocatechin (P5, P9) were detected within the species 

under investigation (Table 2.2). Kaempferol-O-rutinoside (P69), kaempferol-O-hexoside (P74), 

kaempferol-O-malonylhexoside (P88), rutin (P57), and quercetin-O-hexoside (P60) were detected 

in a high number or even in all species (Table 2.2). 

O-Glycosyl and C-glycosyl flavonoids could be directly differentiated due to their striking 

differences in the fragmentation pathways.[95] Besides, the aglycones, namely chrysoeriol (P109), 

quercetin (P111), and kaempferol (P125) as well as their glycosides were detected in different leaf 

extracts, respectively (Table 2.2). 

O-Glycosides and derivatives 

The fragmentation behavior of O-glycosides is mainly characterized by losses of the sugar unit 

leading to intense fragment ions of type [M-162]- for hexose, [M-146]- for deoxyhexose 

(rhamnose), [M-176]- for glucuronide and [M-132]- for pentose.[96,97] Within the most common 

peaks mono- and di-O-glycosides of quercetin (P40, P57, P58, P60), myricetin (P41), kaempferol 

(P54, P64, P68, P69, P74, P113), apigenin-O-hexoside (P81), and chrysoeriol (P91) were detected. 

Additionally, a flavonoid-O-trisaccharide (P100) and a flavonoid-O-pentoside-O-hexoside (P114) 

were detected in the methanolic leaf extract of I. puberula showing both an aglycone of m/z 

283.0606 (C16H11O5
-). Within the ESI-HRMS2 data of P114 the additional loss of a methyl group 

was detected (fragment ion at m/z 268) suggesting the presence of a methylated flavone (Table 

2.2).  

Furthermore, also an acetylation of the sugar unit represented by a neutral loss of 42 amu or 60 

amu for additional acetylation at the C6-position of the sugar unit could be detected during the 

analysis (P66, P99, P103, P108, Table 2.2). Besides acetylation, also a functionalization of the 
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sugar with a malonyl group (neutral loss 86 (C3H2O3), P83) and another di-acid (P70, P105) was 

observed (Scheme 2.2).  

 

Scheme 2.2. Proposed mass spectral fragmentation of the [M-H]- -ion of the non-identified quercetin derivatives P70 

and P105. 

The elemental composition of peak P46 was determined as C21H20O14S ([M-H]- at m/z 527.0500, 

calculated for C21H19O14S
- 527.0501, see Table 2.2) based on the ESI-HRMS data. The presence 

of sulfur is indicated by the isotopic pattern, as well as, the loss of 80 Da (SO3) observed in the 

ESI-MS2 spectrum (Table 2.2). Sulfated flavonoids are known from different species like e.g. 

Flaveria.[98-100] Due to the presence of the fragment ions at m/z 447 and m/z 284 and the detection 

of the aglycone moiety within the extract of Impatiens bisaccata (P96, m/z 396.9964, calculated 

for C15H19O6S
- 396.9964), the compound was assigned as kaempferol-sulfate-O-hexoside.[101] 

C-Glycosides and derivatives 

The fragmentation pathway of C-glycosides is dominated by a cross-ring cleavage [(O-C1 and C2-

C3) or (O-C1 and C3-C4)] of the sugar unit resulting in [M-H-120/90]- for C-hexosides, [M-H-

90/60]- C-pentosides, and [M-H-104/74]- for C-desoxyhexosides. Furthermore, fragment ions 

[aglycone + 41/71]- in mono-C- and [aglycone + 83/113]- for di-C-glycosides can be useful for the 

identification of the type of aglycone, which is linked to the remaining sugar fragment. In case of 

apigenin the corresponding fragment peaks appear at m/z 311/341 and m/z 353/383, 

respectively.[95,102,103] 

The ESI-MS2 spectra of peaks P36 (m/z 593.1497, C27H29O15
-), P44 (m/z 563.1399, C26H27O14

-), 

and P59 (m/z 533.1289, C25H25O13
-) shared all the fragmentation patterns of apigenin-di-C-

glycosides displaying typical fragment ions at m/z 353, 383, and 473 (Scheme 2.3). However, the 

linkage position of the sugar moiety could not be determined. 
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Scheme 2.3. Mass spectral fragmentation of the [M-H]--ion of apigenin-C-hexoside-C-pentoside (P17). 

C, O-Glycosides and derivatives 

In addition, three mixed C, O-glycosylated flavonoids were detected within this investigation (P47, 

P55, P63). Based on the relative abundance of the major key fragments in these conjugates, it was 

possible to distinguish between an O-linked or a C-linked sugar position at the aglycone. In case 

of P63 showing a [M-H]- ion at m/z 579.1352 (calculated for C26H27O15
-, 579.1355, see Table 2.2) 

the appearance of an abundant ion at m/z 447 ([M-H-132]-) characterizes the loss of a pentose 

moiety which is O-linked to the aglycone. On the other hand, the characteristic fragment ion at m/z 

459 ([M-H-120]-) being typically for the cross-ring cleavage of a C-hexoside, is further 

decomposed by the loss of C5H8O4 indicating an O-connected pentose unit (m/z 327). The 

aglycone kaempferol shows an ion at m/z 284 (see Figure 2.4). 

Figure 2.4. (-)-ESI-HRMS2 spectra of m/z [M-H]- 579 (P63), a kaempferol-O-pentoside-C-hexoside (C26H27O15
-).  
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2.3.2.3.2 Coumarins 

Fraxidin and Isofraxidin were previously detected in the leaf extract of Impatiens balsamina using 

LC-MS.[37] However, in our investigation only the glycosylated conjugate fraxin (P19) as well as 

other coumarin conjugates (P16, P35, P127, P133) and a biscoumarin (P112) were detected 

(Table 2.2). P16 and P35 both show a linkage to a hexose. In the (-)-ESI-HRMS2 of P16, 

characteristic fragments of a C-glycoside were detected (Scheme 2.4 A), which are also known 

from flavonoids (see, C-glycosides and derivatives). Based on the fragment ions at m/z 159 and 

m/z 213, which loses a CH2CO unit (m/z 171), a methyl group at position 4 might be suggested. 

Therefore, the compound was putatively assigned as 4-methylumbelliferyl-C-hexoside (P16, 

Scheme 2.4 ).  

 

Scheme 2.4. Proposed mass spectral fragmentation of the [M-H]- ion of the non-identified peaks P16. 

MS/MS fragmentation of the annotated peak P127, whose elemental composition could be 

determined as C19H16O7 ([M-H]- at m/z 355.0819, calculated for C19H15O7
- 355.0823, see 

Table 2.2) leads to a base peak ion at m/z 207 (C10H7O5
-, Scheme 2.5). This ion corresponds to a 

fraxetin moiety and forms an ion at m/z 163 (loss of CO2). Probably, P127 represents an ester 

comprising fraxetin and phloretic acid (dihydrocoumaric acid). It can be assumed that the ester 

bond is easily splitted during the fragmentation. However, in that case more detailed MSn 

investigations are necessary, e.g. by a positive ion MS2 to detect the assumed phloretyl cation. 

 

Scheme 2.5. Mass spectral fragmentation of the [M-H]- ion (m/z 355) of the proposed fraxetin derivative P62. 
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According to the high-resolution negative ion ESI measurements, the elemental composition of 

the peak P133 was determined as C20H24O10S ([M-H]- at m/z 455.1002, calculated for C20H23O10S
-
 

455.1017, see Table 2.2). The presence of sulfur is also shown by the isotopic pattern. In agreement 

to peak P127, fraxetin seems to be the core unit as indicated by the base peak ion at m/z 207 

(Scheme 2.6., Table 2.2).  

 

Scheme 2.6. Mass spectral fragmentation of the [M-H]- ion (m/z 455) of the proposed sulfated fraxetin derivative 

(P133). 

While the expulsion of SO3 leads to the abundant ion at m/z 375, the loss of 168 amu (C10H16O2) 

yield an ion at m/z 287 indicating that the fraxetin moiety is sulfated. A trihydroxydecalin unit 

could be a possible component, which is attached to fraxetin. This is also supported by the ion at 

m/z 243 (C9H7O6S
-) formed by loss of CO2 from m/z 287. Further fragment ions being in agreement 

with the proposed structure are observed at m/z 411 ([M-CO2]
-) and m/z 163 ([M-H-SO3-C10H16O2-

CO2]
-) (Scheme 2.6). However, a final proof can be given by a comparison of a MS3 experiment 

of m/z 207 from compounds P127 and P133 with an MS2 one of the [M-H]- ion (m/z 207) of a 

reference compound of fraxetin. 

The elemental composition of the bisumbelliferone (P112) was determined as C19H10O6 as 

deduced from the [M-H]- ion at m/z 333.0399 (calculated for C19H9O6 333.0405, see Table 2.2). 

This would correspond to a biscoumarin derivative consisting of two umbelliferones linked via a 

CH2-unit. This would also be in agreement both with its MS2 spectrum and the obtained UV data. 

The proposed mass spectral fragmentation of the deprotonated ion at m/z 333 is mainly 

characterized by primary losses of carbon monoxide and carbon dioxide leading to fragment ions 

at m/z 305 and m/z 289, respectively. Further consecutive fragmentation leads to key ions at m/z 

245 ([M-2CO2]
-), ion a at m/z 185 and m/z 157 ([a-CO]) (Scheme 2.7). However, the present 

structure is a hypothetical structure and the exact linkage of the two umbelliferones remains 

unknown. 
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Scheme 2.7. Proposed mass spectral fragmentation of the [M-H]- ion of the bisumbelliferone methylene (P112). 

2.3.2.3.3 Naphthoquinones and Naphthalene Conjugates 

Peak P116 possess an elemental composition of C28H28O12 ([M-H]- at m/z 555.1505, calculated 

555.1508 for C28H27O12
-, see Table 2.2). Its structure consists of three parts: 1) a 

dihydronaphthoquinone with a methoxy function, 2) a glucose and 3) balsaminolate, a 1,4-

naphthoqunione derivative known from the corolla of I. balsamina.[104]  

 

Scheme 2.8. Mass spectral fragmentation of the [M-H]- ion (m/z 555) of peak P116. 
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These three units are connected as given in Scheme 2.8. Ion a at m/z 365 comprising the glucose 

attached to the balsaminolate scaffold and is further decomposed to form a series of ions 

representing an evidence for the indicated partial structure (m/z 347, 337, 319, 305 and 227). 

Especially, the appearance of ion c at m/z 203 reflects one naphthoquinone moiety (balsaminolate). 

Another fragmentation pathway of the (M-H]- ion (m/z 555) via a primary loss of H2O (m/z 537) 

leads to the key ions b (m/z 351) and d (m/z 189) reflecting the connection of the other 

naphthoquinone core unit with the glucose. Ion d (m/z 189) can lose a methyl forming the ion at 

m/z 174 indicating the presence of a methoxy function at the naphthoquinone part. 

Peak P119 (Scheme 2.9) possessing an elemental composition of C27H26O12 ([M-H]- at m/z 

541.1340, calculated 541.1351 for C27H25O12
-, see Table 2.2) represents a structurally related 

component compared with P116 (Scheme 2.8). It also consists of two naphthoquinone units and a 

glucose. However, in contrast to P116 in compound P119 the two naphthoquinones are linked. 

Both naphthoquinone units are reflected in the key ions at m/z 175 and m/z 203 (d). While ion d 

appears in agreement to compound P119, the fragment at m/z 175 indicates the core unit 

corresponding to 1,2,4-trihydroxynaphthalene. Therefore, based on the obtained (-)-ESI-HRMS2 

data, it can be assumed that compound P119 represents a 1,2,4-trihydroxynaphthalene-O-

glucoside connected with the 1,4-naphthoquinone balsaminolate. This is supported by the fact, that 

the key ion at m/z 337 originated by loss of the core unit of balsaminolate would correspond to the 

[M-H]- ion of 1,2,4-trihydroxynaphthalene-O-glucoside (P39). 

 

Scheme 2.9. Mass spectral fragmentation of the [M-H]- ion (m/z 541) of the trihydroxynaphthalene derivative P119. 
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2.3.2.3.4 Dihydrochalcones 

The elemental composition of the dihydrochalcone glycoside phlorizin (P93, 2.5, Scheme 2.1) was 

determined as C21H24O10 as deduces from the [M-H]- ion at m/z 435.1296 (calculated for 

C21H23O10
-
 435.1296, see Table 2.2). During collision induced fragmentation the loss of the sugar 

unit [M-H-162]- resulting in the fragment ion at m/z 273 (phloretin, [aglycone-H]-) is observed. 

Key ions showing the phloroglucinol unit are found at m/z 167, 125 and 123. This was further 

supported by the fragmentation pattern of the aglycone phloretin (P124, 2.4, Scheme 2.1) found in 

in the methanolic leaf extract of I. racemosa.  

 

Scheme 2.10. Negative ion mass spectral fragmentation of the dihydrochalcone derivatives phlorizin (P94, 2.5), 

pinocembrin dihydrochalcone glycoside (P123), phloretin (P124, 2.4) and caffeoyl dihydrochalcone (R23, see section 

2.3.5).  

Peak P123 showed a similar fragmentation behavior as phlorizin. However, the base peak ion was 

detected at m/z 257.0816 (calculated for C15H13O4
-
 257.0819, loss of sugar unit, see Table 2.2). 

Compared with phloretin, a mass difference of 16 amu was observed suggesting 2,4,6-trihydroxy-

dihydrochalcone as aglycone. This was further supported by MS3 data (Appendix, Figure A.49, 

A.50, A.56, A.59).  

In case of P104 showing a [M-H]- ion at m/z 581.1871 (calculated for C27H33O14
-, 581.1876, see 

Table 2.2) the appearance of an abundant ion at m/z 449 ([M-H-132]-) characterizes the α-cleavage 

within the aglycone. On the other hand, the characteristic fragment ion at m/z 461 ([M-H-120]-) 

being typical for the cross-ring cleavage of a C-hexoside, is further decomposed by the loss of 

C9H8O (m/z 329). The aglycone shows an ion at m/z 257, which is similar to P123. Therefore, the 

peak P104 was putatively assigned as pinocembrin-dihydrochalcone-O-hexoside-C-hexoside. 
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2.3.2.4 Chemometrics for the comparison of secondary metabolite profiles of methanolic leaf 

extracts  

For the further chemical composition-based classification between Impatiens species and 

Hydrocera triflora chemometric tools were used defining both, similarities and differences among 

the samples. Although differences in the metabolic pattern could be observed by visual inspection 

of the total ion chromatograms of the investigated species (Figure 2.3), principal component 

analysis (PCA) and hierarchical cluster analysis (HCA) were used as unsupervised clustering 

methods to investigate the possible heterogeneities among the species and to cluster the UHPLC-

ESI-HRMS profiles based on their similarities. These approaches reduce the dimensionality of a 

data set while preserving most of the variance within.[105-108] 

The UHPLC-ESI-HRMS raw data were processed using xcms 3 (see section 3.5.3) to obtain a 

feature table including 7151 features and their intensities for further data analysis. A feature 

represents the combination of a mass-to-charge ratio (m/z) with a retention time. For feature 

determination, the parameters for peak picking and grouping were optimized using an intensity 

threshold of 1000. 

2.3.2.4.1 Hierarchical cluster analysis (HCA) 

Hierarchical clustering analysis reveals differences between classes. Applying this approach to the 

total ion chromatogram (TIC) data from the UHPLC-ESI-HRMS analysis a dendrogram with two 

very distinct clusters emerged (Figure 2.5). Within the two clusters, the technical replicates of each 

species clustered in general well together. However, one technical replicate of I. andringitrensis, 

I. balfourii, and I. edgeworthii clustered outside the group due to lower intensity in the TIC. In 

case of one replicate of I. andringitrensis the vial position was incorrect.  

Within cluster B it is noticeable that Impatiens racemosa DC shows an independent cluster 

differentiating it from the other 12 species. This is in accordance with TLC observations, where 

its profile shows major differences to the other species (see section 2.3.1 Thin-layer 

chromatography (TLC)). The neighboring species I. flanganae showed low intensities of phloretin 

(P124, 2.4, Table 2.2), which cause the close clustering to I. racemosa. Surprisingly, Hydrocera 

triflora does not form an individual cluster, although it is genetically different from Impatiens 

species. This indicates that both genera are closely related regarding their secondary metabolite 

profile. The two new species, Impatiens spec. (34558) and Impatiens spec. (36248) occur both in 

cluster A. Only species present in cluster B show the detected naphthoquinone and naphthalene 

conjugates (P42, P116, P117, P119, P129, P141; Table 2.2), which is one explanation for the 

distinction between the two groups and suggest this compound class as possible biomarkers for a 

subdivision. Further comparison of the metabolite profiles acquired using negative ion UHPLC-

ESI-HRMS showed that the species occuring in cluster B show similiarities and high abundances 

in their occurring flavonoids (e.g. isoquercitrin (P60), kaempferol-O-hexosides (P74), and 

kaempferol (P125), Table 2.2), which was confirmed during PCA analysis (see section 2.3.2.4.2). 
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Figure 2.5. Hierarchical cluster analysis (HCA) of Impatiens species and Hydrocera triflora based on ward algorithm 

cluster of mass spectrometric profiles (n = 3, technical replicate of ⊥ = I. andringitrensis,  = I. balfourii,  = I. 

edgeworthii, and ˟ = I. scabrida). 

In addition, meta data comprising the phylogenetic background, the ancestral origin (see Table 

2.1), and biological activity information (based on our screening results, for details see section 

2.3.4) was used to assess correlations within the recorded data. The hierarchical clusters do not 

reflect the phylogenetic background, and origin (Appendix, Figure A.5). 

Staining of the species based on their tested antibiotic activity revealed difference between the 

effect against the gram-negative bacterium Aliivibrio fischeri and the gram-positive Bacillus 

subtilis at the higher concentration (Figure 2.6 II, IV). A clear concentration dependence effect 

appears to occur, since at the lower applied concentration there is a loss of activity along the tested 

species (Figure 2.6 I, II). Interestingly, at that lower concentration the methanolic leaf extracts of 

certain species, i.e. I. ethiopica, I. flanaganae, I. glandulifera, I. textori, and I. tinctoria, remain 

active against both tested microorganisms. Further discussion and considerations regarding 

biological activity is presented in section 2.3.4.  
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Figure 2.6. HCA colored by metadata based on the antibacterial activities of the methanolic leaf extracts against 

Aliivibrio fischeri (I – extract concentration 50 µg/mL, II – extract concentration 500 µg/mL) and Bacillus subtilis (III 

– extract concentration 50 µg/mL, IV– extract concentration 500 µg/mL). 

The analyzed data set, acquired using negative ion UHPLC-ESI-HRMS, suggest that there is no 

direct correlation between the biological activity and the observed clusters within the HCA. This 

might indicate that the bioactivity is independent from the differentiating metabolites. However, 

the exclusive consideration of negative ion UHPLC-ESI-HRMS data is not sufficient and is limited 

to ionizing substances using this ionization mode. For example, 2-methoxy-1,4-naphthoquinone 

(2.1, Scheme 2.1) that shown to be responsible for antibacterial effects (section 2.3.6) does not 

ionize well in negative ion mode. A different clustering might occur when using positive ion mode 

or NMR data, which might lead to a well distinguished correlation of the active metabolites and 

the observed bioactivity. Therefore, NMR data and data from positive ion should be considered to 

overcome this limitation. 
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2.3.2.4.2 Principal component analysis (PCA) 

In comparison to the HCA, the PCA is one of the most commonly used unsupervised 

dimensionality reduction tool in metabolic profiling to investigate the main variance and detect 

grouping trends and outliers in a data set. These variations of the dataset are visualized along the 

principal components (PCs), wherein the first PC constitutes the highest explained variation.[105] 

Comparable information responsible for clustering or differentiation of samples were obtained 

from the loadings plots of the PCA analysis. During data processing, different scaling methods 

were considered for the PCA analysis. Due to the large variance in the data set, scaling was 

omitted, which enormously increased the complexity of the loadings plot. The quality control 

sample measured within the batch nicely represents the different extracts by clustering in the 

middle of the samples (Appendix, Figure A.6).  

For the analysis of the features being responsible for the main variance within this UHPLC-ESI-

HRMS data set, the first ten principal components (PCs) were evaluated, explaining together 

79.47% of the variance. The identified features (m/z / tR (s)) and tentatively assigned compounds 

(numbered according to increasing retention time, for assignment and fragmentation schemes see 

section 2.3.2.3), as well as their occurrence within the investigated species are listed in Table 2.2. 

The assignment of a peak representing a metabolite in the MS profile of the leaf extract was based 

on the following criteria: intensity > 1xE4, presence of the isotopic pattern and detection in all 

three replicates (threshold for processing 1000). Due to the complexity of the matrix, co-elution 

of some compounds happened, showing the same nominal mass but exhibiting differences in their 

decimals leading to different elemental compositions. Misleading data interpretation might occur 

during the data pre-processing regarding grouping steps and retention time correction, whereby 

isobaric peaks were partly picked together. Therefore, the data were checked manually to ensure 

the right annotation and differentiation of the features.  

The untargeted UHPLC-ESI-HRMS analysis showed that the metabolite profiles of the 

investigated Impatiens are highly variable with little in common. The observed great chemical 

diversity within the different species is also underlined by a large number of features in the data 

set (7151 features).  

The metabolome clusters were located at different points in the 2D space described by two vectors, 

principal component 1 (PC1), accounting for 20.3% of variance, and PC2 which explained 13.8% 

of the variance (Figure 2.7) covering only 34.1% of the main variance within the data set. This 

shows that the PCA analysis might not be the most suitable method for evaluating this data set due 

to the highly diverse composition of the methanolic leaf extracts of the investigated species. 

Nevertheless, the PCA based on the complete feature list shows a species differentiation by 

specific constituents (Figure 2.7, Table 2.2). 11 out of 32 species are separated from the others 

using PC1 and PC2. Generally, all three technical replicates of each species clustered together 

showing the reproducibility of sample preparation and measurement. Examination of the loadings 
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plot refers to the metabolites present along the investigated species, mainly caused by differences 

in their abundances within the extracts (Figure 2.7 B). 

Figure 2.7. A) PCA scores plot (components 1 and 2). Classes are defined according to the species and B) PCA 

loadings plot (components 1 and 2). Shown features correspond to measured mass-over-charge ratios (m/z) and 

retention times in seconds and are numbered according to Table 2.2. 

Impatiens racemosa as well as I. sodenii, I. glandulifera, I. flanaganae, I. rothii, H. triflora, I. noli-

tangere, and I. balsamina can be differentiated from the other examined species in principal 

component 1 (PC1, Figure 2.7 A). Likewise, all these species also occur in the same cluster (cluster 

B) in the performed hierarchical cluster analysis (Figure 2.5). This distinctive differentiation in 

PCA and HCA is related to higher abundances of flavonoids and the occurrence of naphthoquinone 

and naphthalene derivatives.  

In detail, I. racemosa is clearly separated due to its content of dihydrochalcone derivatives 

(435.1/340 (P93), 419/388 (P123), 273/39 (P124), Table 2.2), which were found to be unique 

metabolites for this species. These compounds were isolated from the crude methanolic extract 

and their structures confirmed by NMR and ESI-HRMSn (see section 2.3.5). To our knowledge, 

this is the first report on the occurrence of this substance class within Impatiens species. 

Furthermore, I. racemosa showed the highest abundance of quercetin-O-hexoside (P60, Table 2.2), 

although this metabolite is present in all extracts. Kaempferol-O-hexoside (P74) is distributed over 

nearly all species showing increased abundancies within I. sodenii, I. racemosa, I. glandulifera, I. 

flanaganae and H. triflora. I. sodenii. Furthermore, I. sodenii showed an increased level of 1,2,4-

trihydroxynaphthalene-1-O--D-glucoside (P39, 2.2, Scheme 2.1), which was isolated before 

from I. glandulifera,[58] as well as of peak P45, which was putatively assigned as 2-coumaroyl 

isocitric acid (Table 2.2). The distant clustering of I. glandulifera is mostly attributed to an 

abundance of a naphthoquinone derivative (P42, Table 2.2). The methanolic leaf extract of I. 

flanaganae exhibited high intensities of the flavonoids quercetin (P111) and kaempferol (P125). 
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Additionally, the unique feature 555.2/375 (P116), suggesting a new naphthoquinone-naphthalene 

conjugates, was detected for this species (Scheme 2.8, Table 2.2). Along PC2 I. marianae, I. repens 

and I. bicolor show distinct clusters. P117 and P129, which were also putatively annotated as new 

naphthoquinone-naphthalene conjugate were detected exclusively in the leaf extracts of I. 

marianae and I. repens. The present glycolipids and fatty acid derivatives (P146-P156) as well as 

feruloyl malate (P62) are present in comparable levels in all extracts of Impatiens and Hydrocera 

triflora (Table 2.2), and thus do not contribute to any differentiation. 

In PC3 (Figure 2.8 A/B), I. grandis shows a distinct cluster due to its unique metabolite mangiferin 

(P25) and the high abundance of kaempferol-O-rutinoside (P69), as well as apigenin-C-hexoside-

C-pentoside (P44). Metabolite P119, which showed a fragmentation behavior of a 

naphthoquinone-naphthalene conjugate (Scheme 2.9.), is responsible for the clustering of I. 

tinctoria, I. noli-tangere, and I. rothii. Along PC5/6 no new clusters and responsible feature were 

observed (Appendix, Figure A.7). 

Figure 2.8. PCA scores (A) and loadings plots (B) of PC3/4 (A, B). Classes are defined according to the species. 

In PC7 (Appendix, Figure A.8) I. textori, I. marianae and I. puberula show delimited clusters 

mainly because of their increased content of apigenin glycosides (P103, P81, P36), kaempferol-

O-glycosides (P64, P88, P99), and chrysoeriol conjugates (P109, P91). I. niamniamensis clusters 

because of high abundance of the unknown metabolite P136 (1057.5/430) in its leaf extract. 

Additionally, compounds found during the analysis of PC1/2, I. glandulifera showed high intensity 

of eriodictyol-O-hexoside (P77). Besides a high number of flavonoid derivatives also coumarins 

are detected during the UHPLC-ESI-HRMS analysis. Peak P112, putatively annotated as a 

biscoumarin (Scheme 2.7, Table 2.2), was highly abundant in the methanolic extract of I. 

marianae, I. flanaganae and I. tinctoria. Further peaks related to coumarin-based compounds were 

observed in PC9 and 10 (Appendix, Figure A.8). Fraxin (P7, Table 2.2) was detected with a high 

abundance in the leaf extract of I. arguta. Fraxetin, the aglycone of fraxin, was found as core 
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structure of peaks P127 and P133 during the analysis of their (-)-ESI-HRMS2 spectra (Scheme 2.5, 

Scheme 2.6., Table 2.2). Furthermore, the sulfated derivative (P133) was identified as unique 

metabolite of I. bafourii and I. bicolor.  

In PC9 I. balansae showed a distinct cluster (Appendix, Figure A.8). The methanolic leaf extract 

showed peaks related with quercetin-O-glucuronide (P58), which is further present only in I. 

bissacata with a low abundancy (Table 2.2), as well as a high content of quercetin-O-hexoside 

(P82). P35, a possible coumarin derivative (Scheme 2.4), is contributing to the clustering of this 

species. The kaempferol-C/O-glycoside (P63, Figure 2.4) was found in high abundance for I. 

balansae and I. bicolor.  

Furthermore I. ethiopica and I. puberula showed a clear differentiation to the other species. 

I. ethiopica clustered due to its content and high abundances of different kaempferol derivatives 

(P54, P68, P108, P113). For I. puberula, P44 (apigenin-C-hexoside-C-pentoside, Table 2.2), P100 

(a flavonoid-O-trisaccharide, Table 2.2) and P114 (a flavonoid-O-pentoside-O-hexoside, Table 

2.2) were identified as responsible for the cluster.  

Multivariate data analysis using PCA led to a differentiation between the species caused mainly 

by differences in the relative abundance of peaks corresponding to flavonoid derivatives. However, 

species that contain unique/specific metabolites like Impatiens racemosa (e.g. dihydrochalcone 

derivatives) or I. grandis (e.g mangiferin), separate as distinct clusters in PC1-PC4. However, the 

clustering does not show any specific patterns associated to the applied metadata (Table 2.1), 

which is a reflection of the big differences along the investigated species (Appendix, Figure A.9-

-A.13). In order to complement the outcome of this study more specified analysis can be 

conducted, e.g. analysis of individual substance classes such as flavonoids and naphthoquinones 

within the species. Further insights for a comprehensive view on the investigated species can be 

achieved by performing PCA and HCA on positive ion mode UHPLC-ESI-HRMS and NMR data. 

2.3.3. 1H-NMR profiling 

1H-NMR was used as a complementary analytic technique, seeking for further information not 

supplied by UHPLC-ESI-HRMS. Beside quantitative information of the crude extracts under 

investigation, 1H-NMR profiling might lead to the detection of compounds that barely ionize in 

MS negative mode. As depicted in Figure 2.9., the 1H-NMR spectra show a very diverse profile. 

This confirms the results of the UHPLC-ESI-HRMS screening, pointing out the high variability 

of metabolites within the different species under investigation.  

The spectra show characteristic signals for primary and secondary metabolites present in the 

methanolic leaf extracts (Figure 2.9). Due to the complexity of the extracts, signals are overlapping 

especially in the aromatic (yellow) and sugar (blue) region. Fatty acids are characterized by the 

two signals at δ 1.31-1.33 ppm and δ 0.88-0.91 ppm related to the methylenes and the terminal 

methyl group. Based on the proton multiplicity and chemical shift, 1H-NMR also confirmed the 
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presence of unsaturated fatty acids appearing at a chemical shift range of olefinic protons at δ 5.3-

5.36 ppm (Figure 2.9). 

Sugars were detected showing hydroxylated CH and CH2 in the range of δ 3.4-4.6 ppm (blue). 

Interestingly, all extracts show a doublet at δ 4.47 ppm (J = 7.82 Hz), which corresponds to the 

anomeric proton of free β-glucose. The signals at a chemical shift of δ 5.2 ppm (J = 3.70 Hz) can 

be assigned to the anomeric proton of free α-glucose. Signals related with O-glycosidic bonds are 

shifted depending on their linkage.[109] For C-glycosidic compounds the anomeric proton appears 

upfield at δ 4.90 ppm,[110] which is overlapped with the solvent signal of water.  

 

Figure 2.9. Stacked 1H-NMR spectra (600 MHz, CD3OD-d4, 25°C) of methanolic leaf extracts of Impatiens species 

and Hydrocera triflora. Solvent signals are cut off (H2O (4.70 – 4.95 ppm), CD3OD (3.2-3.3 ppm)) and the internal 

standard HMDS (δ=0.062 ppm) is highlighted in grey. Minor differences in the chemical shifts are due to small 

differences in pH or concentration of the NMR samples. 

Within the above described areas, the investigated extracts show a high number of common 

signals, suggesting similarities in their sugar composition and sugars incorporated in glycosidic 

compounds, as well as, similarities in their fatty acid constituents. 

In contrast, the region of olefinic and aromatic protons (δ 5.5-8.5 ppm) is exceptionally diverse, 

suggesting a high diversity in the secondary metabolite patterns. During the UHPLC-ESI-HRMS 

based screening, flavonoids were found as one of the major compound classes detected in all 

Impatiens species and Hydrocera triflora. Characteristic chemical shifts of the A- and B-rings of 

the aglycones are detected within the aromatic region. For H. triflora, I. flanaganae, I. racemosa, 



Chapter 2  

 

58 

 

and I. sodenii intensive signals corresponding to the characteristic 1H-NMR signals of kaempferol 

were detected (para substituted B-Ring, doublets H-6 (δ 6.21 ppm) and H-8 (δ 6.41 ppm), showing 

that kaempferol conjugates represent the main consistuent within these extracts (Appendix Figure 

A.14). This is in agreement with the results observed during UHPLC-ESI-HRMS (section 2.3.2.3). 

I. puberula exhibited a different pattern in the aromatic region, confirming its uniqueness 

regarding the flavonoid constiuents as observed by UHPLC-ESI-HRMS2 and multivariate data 

analysis (see Table 2.2, section 2.3.2.3.1, Appendix, Figure A.8). 1D- and 2D-NMR data indicate 

5,7-dihydroxyl-4'-methoxyflavone as flavonoid skeleton in I. puberula (Appendix, Figure A.15-

A.17).  

In the extracts of I. ethiopica, I. flanaganae, I. glandulifera and I. tinctoria a sharp singulet at δ 

6.29 ppm and signals of aromatic protons at chemical shifts of δ 7.76, 7.79, 8.03, 8.07 ppm reveal 

the presence of a 1,4-naphthoquinone skeleton. Structure elucidation was supported by 2D-NMR 

experiments (HSQC, HMBC, Appendix, Figure A.18-A.26) confirming the presence of 2-MNQ 

(2.1, Scheme 2.1, details see 2.3.6) in the methanolic leaf extracts. Although in lower amount, this 

compound was also detected in the leaf extract of I. balsamina, as previously described in the 

literature.[111]  

In I. sodenii, I. rothii, I. noli-tangere, I. glandulifera and I. balsamina characteristic signals for the 

trihydroxynaphthalene skeleton were detected (annotation exemplified in the crude extract of I. 

sodenii, Appendix, Figure A.27). HMBC correlations confirmed the connection with a sugar 

moiety. Due to the coupling constant of the peak at 4.58 ppm (J = 7.9 Hz) corresponding with the 

anomeric proton, the sugar unit was thus identified as β-glycoside (Appendix Figure A.28-A.29). 

These observations, supported with our UHPLC-ESI-HRMS based profiling (Table 2.2), and 

compared with a literature report[58] allows to confirm the occurence of 1,2,4-

trihydroxynaphthalene-1-O-β-D-glucoside (lawsone glycoside, 2.2, Scheme 2.1) in the above 

mentioned Impatiens species.  

2.3.4 Biological activity screening of methanolic leaf extracts of Balsaminaceae 

In addition to the phytochemical analysis of the methanolic leaf extracts, their biological activity 

was evaluated against the gram-negative bacterium Aliivibrio fischeri and the gram-positive 

bacterium Bacillus subtilis. Furthermore, the anthelmintic properties of the crude extracts were 

tested against the model organism Caenorhabditis elegans, using a concentration of 500 µg plant 

extract/mL (see Appendix, Figure A.30). None of the extracts showed significant effect against 

the latter model organism. Previously, adverse effects on C. elegans were reported in literature for 

the 55% hydroethanolic stem extract of I. balsamina, as well as for the naphthoquinones lawsone 

and 2-methoxy-1,4-naphthoquinone,[82] compounds that appear as major constituents in the leaf 

extracts of some Impatiens species described in this work (i.e. I. balsamina, I. ethiopica, I. 

flanaganae, I. glandulifera and I. tinctoria, see section 2.3.3). Differences in the biological activity 
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of the tested extracts/compounds report within the scope of this thesis and those presented in the 

literature,[82] might be related to the different incubation times of the aforementioned nematode in 

the presence of the test substances. In our experiments, an incubation time of 30 min is used to 

investigate the acute toxicity of the samples, however in the article of Jiang et al. the incubation 

period lasted for 48 h.[82] Longer exposure of the nematodes with the tested extracts/compounds 

might lead to higher uptake provoking long-term toxicity through different metabolic pathways. 

In addition, Jiang et al. showed that kaempferol and quercetin increase the lifespan and improve 

the locomotion of larvae of C. elegans.[82] These results suggest that the presence of flavonoids 

have a positive effect on the organism survival. The methanolic leaf extracts investigated in this 

thesis possess a complex and high abundance of flavonoids (see sections 2.3.2, 2.3.3), which might 

also explain the lack of activity for the short-time incubation period. In our anthelmintic assay the 

presence of flavonoids within the tested extracts could attenuate the toxicity of the active 

compounds. 

Although the research frame of the present work is focused on the discovery of new sources of 

antiinfective compounds, a preliminary cytotoxicity screening against the cancer cell lines HT-29 

(human colon cancer) and PC3 (human prostate cancer) was conducted. Two different 

concentrations were tested, 0.05 and 50 µg/mL, in order to assess the effectivity of the extracts 

against the mentioned cell lines. Results show high growth inhibition at the high concentration and 

no effect at the low concentration, except for the methanolic leaf extracts of I. niamniamensis, I. 

noli-tangere, I. sodenii, and I. spec. (36248) which show moderate activity, for the investigated 

extracts (see Appendix, Figure A.31-A.32). Further investigations in order to determine the IC50 

and the mode of action of the tested extracts/isolated compounds will be conducted in the future. 

2.3.4.1 Aliivibrio fischeri 

The antibacterial activity of the leaf extract was examined against gram-negative A. fischeri using 

a luminescence based 96 well microtiter plate assay (experimental see section 2.5.9). At first, a 

fast screening was performed by applying two different concentrations of the corresponding leaf 

extracts, 500 µg/mL and 50 µg/mL (Figure 2.10). The commercial antibiotic chloramphenicol was 

used as positive control. At the higher concentration 26 Impatiens species display 100% growth 

inhibition, while I. balansae, I. grandis, I. racemosa, I. sodenii, I. spec. (36248) and Hydrocera 

triflora extracts acts as growth promoters (Figure 2.10).  

A clear concentration dependence effect appears to occur, since at the lower applied concentration 

there is a loss of activity along the tested species. This means that the concentration of active 

metabolites is no longer sufficient to inhibit the growth of the bacteria. Furthermore, synergistic 

effects that previously enhanced the effect may be lost due to dilution. Impatiens balsamina, I. 

ethiopica, I. flanaganae, I. glandulifera, I. textori, and I. tinctoria still showed 100% growth 

inhibition at the lower concentration of the fast screening (50 µg/mL). Accordingly, I. ethiopica, 

I. flanaganae, and I. glandulifera were chosen as prime exploratory examples for further 
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concentration screening. Results show that all three Impatiens species inhibit the bacterial growth 

by 100% ratio at concentration of 15 µg/mL. I. flanaganae and I. glandulifera show 100% growth 

inhibition also at 6.25 µg/mL and 12.5 µg/mL, respectively. An outstanding outcome was found 

for I. ethiopica, displaying full inhibition at a concentration as low as 3.13 µg/mL (Appendix, 

Figure A.33).  

 

Figure 2.10. Growth inhibition of methanolic crude leaf extracts of 31 Impatiens species and Hydocera triflora against 

A. fischeri (concentrations 50 µg/mL and 500 µg/mL in DMSO, positive control: chloramphenicol, negative control: 

DMSO), n = 2 (technical replicates). 

In comparison to gram-positive bacteria, the outer membrane of gram-negative microorganisms, 

containing lipopolysaccharides, constitute an additional barrier that compounds have to overcome 

for displaying its biological activity. This physiological feature of gram-negative bacteria is one 

of the main factors contributing to their intrinsic antibiotic resistances. In consequence, the 

remarkable result shown by the methanolic extract of I. ethiopica point out a certain degree of 

specialization. Interestingly, the most active species described above, showed in the previous 

analytical investigation using negative ion UHPLC-ESI-HRMS, similarities in their metabolite 

profiles (see sections 2.3.2, 2.3.3, 2.3.6). Notably, all of them present higher abundances of 

flavonoids and contain naphthoquinone and naphthalene derivatives (see section 2.3.2.4). 

Therefore, these classes of metabolites might have an influence on the observed antibacterial 

activity (vide infra).  

2.3.4.2 Bacillus subtilis 

For the evaluation of the antibacterial activity against gram-positive B. subtilis, the methanolic leaf 

extracts were tested in a turbidimetric assay using chloramphenicol as positive control. Initially, a 

fast screening was performed by applying two different concentrations of the corresponding crude 

extracts, 500 µg/mL and 50 µg/mL. At the higher concentration 5 Impatiens species display over 
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80% growth inhibition, while the rest of the species did not show a significant bioactivity. At the 

lower test concentration of 50 µg/mL the two species, I. ethiopica and I. flanaganae, completely 

inhibited the growth of the gram-positive test organism. (Figure 2.11).  

 

Figure 2.11. Biological activity of methanolic crude leaf extracts of 31 Impatiens species and Hydocera triflora 

against B. subtilis (concentration 50 µg/mL and 500 µg/mL in DMSO, positive control Chloramphenicol, negative 

control DMSO), n = 3 (technical replicates). 

The extracts active against B. subtilis showed similarities in their NMR profiles. The high intensity 

signals of the aromatic protons suggest that 1,4-naphthoquinones are the main constituents of these 

extracts (see section 2.5.5), rising the hypothesis that this compound class might be related with 

the observed bioactivity. As previously described, the 1,4-naphthoquinone moieties are e.g. 

present in many naturally occurring alkaloids and have been identified as potential antibacterial 

candidates.[112-114] The mechanism of action of these compounds and its analogues involves 

enhanced ROS generation leading to cell apoptosis.[115-117] Various compounds presenting the 1,4-

naphthoquinone molecular scaffold display relevant biological toxicity acting as antimicrobial,[118] 

anticancer,[119] antitubercular,[120] antimalarial,[121] and trypanocidal agents.[122]  

In summary, I. balsamina, I. flanaganae, I. ethiopica, I. glandulifera, and I. tinctoria, are active 

against gram-negative and gram-positive bacteria, suggesting that the bioactive constituents of the 

corresponding extracts do not present a specific selectivity against the tested microorganisms, or 

they posses different active metabolite classes. On the other hand, I. burtonii, I. capensis, I. 

namchabarwensis, I. niamniamensis, I. noli-tangere, I. scabrida, and I. textori showed selective 

activity against the gram-negative Aliivibrio fischeri at the tested concentrations, suggesting that 

the metabolites present in their corresponding leaf extracts present a higher degree of 

specialization against gram-negative bacteria. Based on these results, Impatiens species are 

suitable sources for isolating new drugs to combat the increasing resistance to gram-negative 

bacteria, which is a major issue in current research and medicine.[123]  
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2.3.5 Phytochemical investigation of Impatiens racemosa DC. 

The methanolic leaf extract of I. racemosa, compared to the other species, showed significant 

difference in its metabolite composition during analysis with thin-layer chromatography (see 

section 2.3.1), LC-ESI-HRMS (see section 2.3.2), and NMR analysis (see section 2.3.3). In 

literature, no information on the phytochemical composition of I. racemosa are described so far. 

Within the biological activity screening (see section 2.3.4), the extract exhibits strong growth 

promoting effects for the gram-negative bacterium Aliivibrio fischeri and the gram-positive 

Bacillus subtilis. Anthelmintic properties against C. elegans were not observed (Appendix, Figure 

A.30). Additionally, the antifungal properties of the extract were tested against Botrytis cinerea, 

Septoria tritici and Phytophtora infestans showing moderate inhibiting properties against P. 

infestans (Appendix, Figure A.34).  

 

Figure 2.12. Basepeak chromatogram (A, m/z 150-2000) and PDA spectrum (λ = 190-400 nm) obtained from the 

methanolic crude extract of I. racemosa, R = Peak number. 

Including the annotated metabolites reported in section 2.3.2 (Table 2.2), 26 metabolites were 

annotated within the crude extracts (Figure 2.12) and summarized in Appendix, Table A.3. Besides 

various flavonoid conjugates (R5, R12, R14, R18, R19, R20), hydrocinnamic acid derivatives (R1, 

R7, R11, R13, R15, R17), coumarins, including scopolin (R2) and coniferin (R3) were detected in 

the leaf extract of I. racemosa. As already known from the UHPLC-ESI-HRMS profiling, I. 

racemosa showed high abundance of peaks which are correlated to dihydrochalcone derivatives. 

In the base peak chromatogram as well as in the PDA spectrum the highest abundant peak (R21) 

was identified as phlorizin (2.6, Scheme 2.11). Beside its aglycone phloretin (2.4, R26), the higher 
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glycosylated derivatives phloretin-O-triglycoside (R9) and phloretin-O-diglycoside (R16) were 

detected. (Appendix, Table A.3, Figure 2.12) These compounds are known e.g. from Malus species 

and Lithocarpus litseifolius.[124-126] Furthermore, pinocembrin dihydrochalcone (2.6, R25, Scheme 

2.1) was found to be one of the main constituents within the methanolic leaf extract of I. racemosa 

(Figure 2.12, Scheme 2.10). Based on their fragmentation behavior pinocembrin dihydrochalcone-

C-hexoside-O-hexoside (R22), pinocembrin-C-hexosyl-O-pentoside (R24) were also detected 

(Appendix, Table A.3, Figure 2.12).  

For detailed NMR investigations to confirm the proposed structures, the chromatographic 

separation of the methanolic crude extract leaf extract using preparative RP-HPLC-MS was 

performed. This resulted in seven fractions (Appendix, Figure A.35-A.36).  

Fraction 1 and 2 mainly contained glycosylated coumarins as well as phenolic acid derivatives 

(Appendix, Figure A.37-Figure A.40). Major compounds in fraction 3 were identified as quercetin-

O-glycosides (R12, R14; Appendix, Table A.3, Figure A.41-Figure A.44). Furthermore, the 

phloretin-tri-O-hexoside was found based on its fragmentation pattern and signals of the aglycone 

phloretin in the 1H NMR and confirmed the presence of this compound (Appendix, Figure A.41). 

Fraction 4 showed two abundant peaks at a retention time of 5.69 min (R18, Appendix, Table A.3) 

and 5.77 min (R19, Appendix, Table A.3). The peaks showed the same m/z at 447.0927 ([M-H]-, 

C21H19O11
-, calcd. 447.0933). In the ESI-HRMS2 spectra the loss of 162 amu resulting in a 

fragment peak of m/z 285.0401 (C15H9O6
-,) suggested the presence of kaempferol-O-hexosides. 

Based on 1D- and 2D-NMR experiments and in comparison with literature[127] the main constituent 

in fraction 4 was identified as astragalin (2.3, Scheme 2.1, kaempferol-3-O-β-D-glucoside, 

Appendix, Figure A.45-Figure A.47).  

The chromatographic separation yielded two pure compounds phlorizin (2.5, fraction 5) and 

pinocembrin dihydrochalcone (2.6, fraction 6). The obtained NMR and ESI-HRMS data 

(Appendix, Figure A.51-Figure A.57) were in agreement with the previous reported ones.[125,126,128] 

Interestingly, phlorizin occurs in really high amount of 33% in the used 42 mg of dried material 

(see section 2.5.6). Fraction 7 contains the phloretin, the aglycone of phlorizin (Appendix, Figure 

A.58-Figure A.60). This is the first report on the chemical composition of Impatiens racemosa and 

the occurrence of dihydrochalcone derivatives within Impatiens species. 

2.3.6 Isolation of bioactive compounds from Impatiens ethiopica Grey-Wilson and 

Impatiens flanaganae Hemsl. 

Within the biological screening of the 31 Impatiens species, both extracts exhibited high activities 

against the bacteria tested (see section 2.3.4). The results against A. fischeri should be highlighted 

where the extract of I. ethiopica at a concentration of 3.13 µg/mL and the extract of I. flanaganae 

at 6.25 µg/mL still caused 100% growth inhibition of the bacteria (Appendix, Figure A.33). 

Furthermore, these extracts were also tested against resistant bacterial strains, showing significant 
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inhibition zones in a disc diffusion assay against Stahpylococcus aureus ATCC 43300 and S. 

aureus ATCC 6538P (Appendix, Figure A.61-A.62).  

Thus, the aim was to perform a first separation using sequential centrifugal partition 

chromatography (SCPC) towards the isolation of the bioactive compounds. After in-depth 

literature revieweing and to the best of our knowledge these species are not yet phytochemically 

investigated. The dried leaf powders of I. ethiopica and I. flanaganae were extracted with 100% 

MeOH to obtain the crude leaf extracts These extracts were characterized by HPLC and NMR. 

Figure 2.13 shows representative HPLC chromatograms of the crude methanol leaf extracts of I. 

ethiopica (A) and I. flanganae (B) that share the peak with the highest absorbance at 6.8 minutes 

and the peak at 4.3 min. In total, the extract of I. flanganae contains more compounds with an 

absorbance at 254 nm than the leaf extract of I. ethiopica.  

 

Figure 2.13. Representative HPLC chromatograms (λ= 254 nm) of crude methanolic leaf extracts from (A) I. 

ethiopica and (B) I. flanaganae.  

By comparing both ¹H NMR spectra (Figure 2.14) it is striking that they have a high number of 

NMR signals in common. The leaf extract of I. flanaganae contains more sugars represented by 

the ¹H signals in the range of δ 3.5 to 4 ppm and exhibits more signals in the aromatic proton 

region between δ 6.75 to 7.25 ppm, which could be related to a higher content of flavonoids. Both 

extracts show significant signals with a chemical shift in the region from δ 7.75 ppm to 7.78 and 

δ 8.05 to 8.10 ppm. For further investigations both extracts were separated using SCPC. 
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Figure 2.14. ¹H-NMR spectra (400 MHz, CD3OD-d4, 25°C, 256 scans) of crude methanolic leaf extracts from (A) I. 

ethiopica and (B) I. flanaganae.  

Fractionation using sequential centrifugal partition chromatography (SCPC) 

The SCPC separation of crude extracts (Appendix, Figure A.63-A.64) monitored by ESI-MS, TLC 

and HPLC resulted in seven leaf extract fractions from I. ethiopica (AI-AVII, Appendix, Figure 

A.65) and six fractions from I. flanaganae (BI-BVI, Appendix, Figure A.66). Fraction I eluted in 

both cases as a sharp peak at a retention time of circa 7 to 11 min and 15 min, respectively. These 

fractions (AI, BI) contain mainly sugars, represented in the NMR spectra by a high number of 

proton signals in the region of δ 3.5 to 4 ppm (Figure 2.15). Fractions AII and BII eluted early 

during SCPC fractionation using the polar phase as mobile phase. In the corresponding ¹H-NMR 

spectra signals appear in the aromatic proton region which are common for e.g. flavonoids (Figure 

2.15).  

 

Figure 2.15. ¹H-NMR spectra (400 MHz, CD₃OD-d4, 25°C) of SCPC fractions of methanolic leave extracts from (A) 

I. ethiopica and (B) I. flanaganae  
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By switching the elution mode, fractions AV and AVI and BIV and BV eluted as sharp peaks 

within two to three minutes. Hereby, fractions BV and AVI were obtained with high purity and 

show an identical ¹H-NMR spectra. All obtained fractions where tested in the antibacterial assay 

against A. fischeri and B. subtilis (Appendix, Figure A.67-A.68). Fraction I of both extracts showed 

due to the sugar content growth promoting effects whereas fraction AV and AVI from I. ethiopica 

and fractions BIII, BIV and BV from I. flanaganae exhibited 100% growth inhibition against A. 

fischerii for both concentrations (500 and 50 µg/mL, Appendix, Figure A.67-A.68). Fraction AVI 

and BV exhibited 100% growth inhibition also against B. subtilis (Appendix, Figure A.67-A.68).  

Based on these results, it is clear that the biological activity is not due to only one class of 

substance. In fraction AV signals were found belonging to Lawsone and flavonoid derivatives. 

The isolated 2-methoxy-1,4-naphthoquinone (AVI, BV) showed strong antibacterial activity 

consistent with those described in the literature.[20,53] 

Structure elucidation of fraction BV from I. flanaganae 

Fraction BV contains 2-methoxy-1,4-naphthoquinone, which was elucidated based on its 1H- 

(Figure 2.16) and 13C-NMR spectra (600 MHz for ¹H and 150.84 MHz for 13C spectra in CD₃OD-

d4, including 2D HMBC and HSQC spectra, Appendix, Figure A.69-A.70). The molecular formula 

was deduced as C11H9O3 from high-resolution ESI-MS in agreement with its [M+H]+ ion at m/z 

189.0546 (Appendix, Figure A.71). This compound also known from other Impatiens species 

represents the major constituent of both investigated species and might be responsible for the 

observed antibacterial activity. 

 

Figure 2.16. ¹H-NMR spectra (600 MHz, CD3OD-d4, 25°C) of SCPC fraction BV obtained from the methanolic leaf 

extracts of I. flanaganae.  
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2.4. Conclusions 

This work represents the first attempt to explore interspecific variation in secondary metabolites 

from a wide range of Impatiens species and Hydrocera triflora. Herein, we report on the first 

phytochemical investigation and provide preliminary information on the antibiotic activity of I. 

andringitrensis, I. arguta, I. balansae, I. bisaccata, I. burtonii, I. ethiopica, I. flanaganae, I. 

grandis, I. hochstetteri, I. marianae, I. marianae, I. platypetala, I. puberula, I. racemosa, I. repens, 

I. rothii, I. scabrida, I. sodenii, and Hydrocera triflora. Using an optimized protocol for the sample 

preparation, as well as optimizing parameters for the measurements, a broad coverage of secondary 

metabolites within the analysis was achieved. The investigation of the methanolic leaf extracts by 

planar TLC gave the first insights into the complexity of the extracts and enabled a first comparison 

of the different constituents of the investigated species. UHPLC-ESI-HRMS and NMR profiling 

showed a high variability regarding the metabolites present in the leaf extracts of the investigated 

species. Herein, we have further demonstrated that combining UHPLC-ESI-HRMS and NMR 

allows for a more complete picture (overview) of the metabolome.  

Detailed compound composition analysis using UHPLC-ESI-HRMS/MS lead to the annotation of 

156 peaks, revealing that flavonoid conjugates are broadly distributed along all investigated 

Balsaminaceae species and has allowed for the first report on C-glycosides within the genus 

Impatiens. Furthermore, known carboxylic acids, hydroxycinnamic acid derivatives, coumarins, 

naphthoquinones, and naphthalenes were identified and core structures of new naphthalene 

derivatives were suggested based on their fragmentation behavior. Due to the large differences in 

secondary metabolite profiles, no specific biomarkers for the genus Impatiens could be defined in 

this study. It should be mentioned that the monotypic species Hydrocera generally has a very 

similar metabolite composition compared to the Impatiens species studied. This suggests that the 

current taxonomic classification of the family Balsaminaceae in two genera might be insufficient, 

launching the possibility for new classification paths. Although samples cluster in the hierarchical 

clustering analysis as well as in the principal component analysis, this segregation does not 

correlate well to the phylogenetic background, geographic origin or the antibacterial activity. This 

is due to the great diversity within the chemical profiles of the investigated species. The high 

interspecific variance of the acquired data causes low principle components within the multivariate 

data analysis. Based on the evaluated data, it was concluded that a full features PCA analysis is 

not the most appropriate method for multispecies comparison. In order to complement the outcome 

of this study more specified analysis can be conducted, e.g. analysis of individual substance classes 

such as flavonoids and naphthoquinones within the species. Furthermore, the exclusive 

consideration of negative ion UHPLC-ESI-HRMS data is not sufficient and is limited to ionizing 

substances using this ionization mode. 2-Methoxy-1,4-naphthoquinone, which was found to be 

one of the antibacterial metabolites, does not show well ionizing properties in negative ion mode. 

Therefore, PCA and HCA on positive ion mode UHPLC-ESI-HRMS and NMR data should be 

performed in the future to overcome ionization limitations. 



Chapter 2  

 

68 

 

Based on the results of metabolic profiling, the methanolic extract of I. racemosa was further 

fractionated chromatographically. Thereby, three flavonoid glycosides and three dihydrochalcone 

derivatives were successfully isolated. To the best of our knowledge, the occurrence of 

dihydrochalcone derivatives within Impatiens species is described for the first time.  

As shown in the manuscript, the methanolic leaf extracts of I. ethiopica and I. flanaganae display 

the highest antibacterial activity against the gram-negative bacterium Aliivibrio fischeri amongst 

all investigated species. After separation of the extracts using SCPC, 2-methoxy-1,4-

naphthoquinone was isolated as one of likely several active compounds.  

In spite of the outstanding bioactivity associated to some of the leaf extracts, at this point it was 

not possible to establish a direct correlation between chemical composition and antibacterial 

activity. However, through these initial studies we were able to show that the antibiotic activity of 

some species against the gram-positive bacterium B. subtilis might be related to metabolites 

containing a 1,4-naphthoquinone moiety, which was confirmed through the isolation of 2-

methoxy-1,4-naphthoquinone from I. ethiopica and I. flanaganae. The outstanding antibacterial 

activity against the gram-negative bacterium Aliivibrio fischeri seems to be related to different 

compound classes including flavonoids, naphthoquinone and naphthalene derivates. However, this 

has to be further investigated and confirmed through isolation of the bioactive constituents. In 

summary, an efficient workflow based on HRMS and NMR was implemented for the successful 

isolation and characterization of new bioactive compounds from different genera of the 

Balsaminaceae family. This represents the basis for future detailed studies towards the isolation of 

bioactive compounds from more Impatiens species for deeper elucidation on its bioactive 

principles.  
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2.5 Experimental Section 

2.5.1 Plant Material 

Whole plants of 31 Impatiens species and Hydrocera triflora were collected in 2015 by Dr. 

Abrahamczyk (Botanical Garden Bonn/ Nees-Institute for Biodiversity Bonn). Herbal vouchers 

are stored in the Nees Institute for Biodiversity Bonn. The plants were separated into the single 

organs and directly frozen (-50 °C). Afterwards the material was stored at –80 °C and later 

lyophilized for analysis. An overview of the plant material available is listed in Table 2.1. The 

perennial species are clones of the species of wild origin. Therefore, the material, which was 

harvested from different plants of the perennial species, always belong to one genetic individual. 

The annual species have been propagated by seeds. Correspondingly, the material for annual 

species comes from several individuals. 

2.5.2 Sample preparation 

Dried plant material was ground using a liquid nitrogen cooled vibrating mill (MM400, Retsch 

GmbH, Germany, applying a frequency of 30 Hz for 30 seconds). Afterwards the powder was 

dried by lyophilisation, and stored at room temperature in darkness for further investigations. A 

quality control (QC) sample was prepared, which is composed of equal parts of all individual 

samples. These pooled sample is considered as data set representative for quality control and 

method development. 

2.5.3 Thin-layer chromatography (TLC) 

For TLC analysis the plant material (approximately 25 mg) was weighed in 2 mL Eppendorf tubes. 

1 mL methanol was used for extraction under ultrasound for 15 minutes. After 10 min 

centrifugation at 14000xg (room temperature) the supernatant was separated and dried under 

nitrogen flow. The obtained dried extracts were redissolved and adjusted to a concentration of 10 

mg extract/ 1 mL methanol. Chromatographic separation was performed on silica gel 60 F254 TLC 

plates (with fluorescence indicator, 20 × 20 cm, layer thickness 150–200 µm, Merck, Germany) 

using a mixture of chloroform: methanol (9:1; v/v) as mobile phase. After the application of 2 µL 

of the extract on the plate, the plate was conditioned for 10 min within the TLC chamber containing 

the solvent mixture. The plate was developed for 10 cm, taken out and air-dried. Further, the 

developed plate was photographed in daylight, 254 nm and 366 nm UV-light. For further 

information, a derivatizion using vanillin sulfuric acid spray reagent [1.2 g vanillin (Fluka), 25 mL 

glacial acetic acid (Roth), 11 mL sulfuric acid (Roth), 212 mL methanol (distilled)] was performed. 

For documentation and Rf-value determination, a CAMAG TLC visualizer (CAMAG, Muttenz, 

Switzerland) was used with the software winCATS (version 1.4.9.2001, CAMAG, Switzerland). 
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2.5.4 UHPLC-ESI-HRMS analysis 

Non-targeted UHPLC-ESI-HRMS based profiling 

Approximately 2 mg of dried plant powder of each species (three technical replicates per species) 

were weighed into a 1.5 mL Eppendorf tube and stored at 25 °C until measurements. For 

extraction, the volume of methanol was added to end up with a concentration of 2 mg plant 

powder/mL. Extraction was performed in the ultrasonic bath for 15 min followed by centrifugation 

at 25 °C and 14000xg (5415 C Eppendorf, Eppendorf AG, Hamburg, Germany). The negative ion 

high-resolution ESI mass spectra (m/z range 100-1500) were obtained from an Orbitrap Elite mass 

spectrometer (Thermo Fisher Scientific, Germany) equipped with a heated electrospray ion source 

(negative spray voltage 4 kV, capillary temperature 325 °C, source heater temperature 300 °C, 

FTMS resolution 15.000, Nitrogen was used as a sheath and auxiliary gas. The MS system was 

coupled to an ultra-high-performance liquid chromatography (UHPLC) system (Dionex UltiMate 

3000, Thermo Fisher Scientific), equipped with a RP-18 column (particle size 1.9 µm, 50 × 2.1 

mm ID, Hypersil Gold, Thermo Fisher Scientific; column temperature 45 °C). The mobile phases 

were H2O (A; MilliQ-biocel apparatus from Millipore (Billerica, USA)) and CH3CN (B; 

Chromasolv™, for LC-MS, Honeywell Riedel de Haën™) with 0.1% formic acid (additive for 

LC-MS, LiChropur®, Merck). Chromatographic separation was realized using a gradient system 

starting from 5% B (isocratic for 1 min) increasing to 98% B within 10 min, followed by further 

3 min at 98% B (flow rate 0.4 mL/min, injection volume 2 µL). The re-equilibration time of the 

column was set to 5 min at 5% B. The CID mass spectra (buffer gas: helium) using data dependent 

acquisition were recorded using a normalized collision energy (NCE) of 35%. The instrument was 

externally calibrated by the Pierce ESI negative ion calibration solution (product no. 88324) from 

Thermo Fisher Scientific. The data were evaluated using the software Xcalibur 2.2 SP1. 

A complete randomized design was applied for the batch design. The batch started with three 

methanol blanks followed by four QC samples for the equilibration of the column. After 6 study 

samples the QC was injected. In addition, an external standard mix (MM8) was injected every 16th 

sample for the detection of shifts and effects in mass-to-charge ratios (m/z) and retention times 

(RT). The following substances were used in the MM8: 2-phenylglycine (Fluka), kinetin (Roth), 

rutin (Acros Organics), O-methylsalicylic acid (Sigma), phlorizin dihydrate (Sigma), N-(3-

indolyacetyl)-L-valine (Sigma), 3-indolylacetonitrile (Fluka) and biochanin A (Sigma). 

UHPLC-ESI-HRMS data processing 

The raw LC/MS data were converted to the open data format mzML[129] format using 

ProteoWizard (3.0.20115) to get centroided data. Chromatographic peak picking was performed 

in R 3.6.2 (available at https://cran.r-project.org) in Rstudio (1.2.5033) with the package xcms 

3.9.1[130] using the centWave algorithm and the following parameters: ppm =7, peakwidth=7,25, 

snthresh=10, prefilter=3,1000, fitgauss=FALSE, verbose.columns = FALSE. Grouping of 

chromatographic peaks was performed using the peakDensity algorithm, without log 
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transformation, and the following parameters: minfrac=1, bw =3. Retention time correction was 

performed using the function retcor in XCMS using the parameters method =loess, family 

=gaussian, span=0.2. The resulting feature lists (m/z, tR) of all leaf samples comprised 7151 

features. 

Chemometrics 

The chemometric analyses were performed based on the generated feature table (see data 

processing) under R environment using the following packages: pcaMethods (1.78.0), Corrplot 

(0.84) and ggdendro (0.1.22). 

2.5.5 Nuclear magnetic resonance (NMR) 

Non-targeted NMR profiling 

For NMR analysis, 80 mg of the dried and powdered plant material was ultrasonically extracted 

for 15 minutes with deuterated methanol MeOH-d4 (99.8 % D, Deutero GmbH, Kastellaun, 

Germany), containing 0.935 mM hexamethyldisiloxane (HMDS) as internal standard. Afterwards 

the samples were centrifuged for 10 minutes at 14000xg (5415 C Eppendorf, Eppendorf AG, 

Hamburg, Germany) to separate plant residues and 750 µL of the resulting supernatant was 

transferred to quantitative Deu-Quant-5-7 NMR tubes (Deutero GmbH, Kastellaun, Germany).  

The NMR spectra of the methanolic crude extracts were recorded on an Agilent VNMRS 600 

NMR spectrometer at 599.83 MHz (1H) and 150.84 MHz (13C) operating at 25 °C equipped with 

a 5-mm inverse detection cryoprobe using standard CHEMPACK 7.1 pulse sequences (s2pul) 

implemented in a Varian VNMRJ 4.2 spectrometer software. The signals were referenced to 

internal HMDS at 0.062 ppm. Quantitative 1H-NMR spectra were measured with the following 

parameters: pulse angle = 90°, relaxation delay (d1) + acquisition time (at) = 30.0 s, number of 

scans (nt) = 64, and digital resolution = 128 K, spectral width -1 – 14 ppm. Data analysis was 

carried out with MestreNova (12.0.4-220023, Mestrelab Research, S.L. (Santiago de Compostela, 

Spain).  

NMR analysis of reference and isolated compounds 

For NMR analysis the compounds were dissolved in 800 µL deuterated methanol MeOH-d4 (99.8 

% D, Deutero GmbH, Kastellaun, Germany), containing 0.03 % TMS (euriso-top, Saarbrücken, 

Germany) as internal standard and transferred to qualitative NMR tubes (Deu-500, Deutero 

GmbH, Kastellaun, Germany). The NMR spectra were recorded on a Varian MERCURY-VX 400 

system or Varian 600 VNMRS system at +25 °C operating at a proton NMR frequency of 399.82 

MHz or 599.83 MHz and a carbon NMR frequency of 150.84 MHz and 100 MHz, respectively. 

2D NMR spectra (HSQC, HMBC, COSY, NOESY, TOCSY) were obtained from a Varian 600 

VNMRS system. The HSQC experiment was optimized for 1JCH = 146 Hz with DEPT-like 

editing and 13C-decoupling during acquisition time. The HMBC experiment was optimized for a 

long-range coupling of 8 Hz. 
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2.5.6 Fractionation of Impatiens racemosa DC using semipreparative HPLC-MS 

Fractionation of the crude methanolic extract of Impatiens racemosa DC (42 mg) was performed 

using a semipreparative RP-18 HPLC-MS using a custom set system of Agilent 1200 Infinity I 

series consisting of a preparative binary pump (G1361A), an analytical quaternary pump 

(G1311B) used as make-up pump, an auto sampler (G2260A), a column select valve (G1159A), a 

fraction collector (G1364B), a multiple wavelength detector (G1365D), a splitter (G1968D) and 

single quadrupole MS detector with an electrospray ionization source (ESI, 6120). Electrospray 

mass spectrometry measurements were performed in negative and positive ionization mode 

(fragmentor, 5 V; threshold spectral abundance, 150; capillary voltage, 3000 V) using a mass range 

of m/z 200–1200 Da. Nitrogen was used as the nebulizer gas (nebulizer pressure, 35 psig). The 

drying gas flow was set to 12.0 L/min and the drying gas temperature to 250°C. The 

chromatographic separation was conducted using a Nucleodur C18 ec column (5 μm, 100 Å, 150 

x 10 mm internal diameter, Macherey-Nagel, Germany). For the separation the mobile phases were 

H2O (A; bidistilled, Millipore) and CH3CN (B; gradient grade, LiChrosolv, Merck) with formic 

acid (0.1%, Merck) and a gradient system was used (0–30 min, 5–100% B; flow rate 3.7 mL/min). 

Automated fractionation was carried based on scan mode in negative ion mode. The whole system 

was controlled by the Agilent Chemstation (Rev. 8.04.03 SP1). The fractionation yielded seven 

fractions: fraction 1 (tR: 2.1-3.0 min, 10.5 mg), fraction 2 (tR: 6.0-7.6 min, 3 mg), fraction 3 (tR: 

8.2-8.9 min, 3.7 mg), fraction 4 (tR: 9.0-9.7 min, 3.7 mg), fraction 5 (tR: 10.0-11.1 min, 13.8 mg), 

fraction 6 (tR: 12.7-13.4 min, 3.7 mg), and fraction 7 (tR: 14.0-14.9 min, 3.8 mg). Fraction 4 

contains kaempferol-O-hexoside as main constituent. Fraction 5 was identified as the known 

dihydrochalcone glycoside phlorizin and fraction 7 as the aglycone phloretin. Fraction 6 was 

identified as pinocembrin dihydrochalcone-O-glycoside (configuration as phlorizin). 

Fraction 5 (Phlorizin): 1H NMR (600 MHz, Methanol-d4) δ 7.08 – 7.04 (m, 2H, H-2, H-6), 6.70 

– 6.66 (m, 2H, H-3, H-5), 6.17 (d, J = 2.3 Hz, 1H, H-3ʹ), 5.94 (d, J = 2.3 Hz, 1H, H-5ʹ), 5.03 (d, J 

= 7.2 Hz, 1H, anomeric proton of β-glucopyranoside (H-1ʺ)), 3.90 (dd, J = 12.1, 2.2 Hz, 1H, H-

6ʺ), 3.71 (dd, J = 12.1, 5.5 Hz, 1H, H-6ʺ), 3.49 – 3.43 (m, 4H, H-2ʺ, H-3ʺ, H-4ʺ, H-5ʺ), 3.42 – 3.36 

(m, 2H, H-α), 2.87 (ddd, J = 8.8, 6.9, 2.4 Hz, 2H, H-β). 13C NMR (Information extracted from 

HMBC/HSQC, 151 MHz, Methanol-d4) δ 130.4 (CH, C-2, C-6), 116.1 (CH, C-3, C-5), 98.4 (CH, 

C-5ʹ), 95.6 (CH, C-3ʹ), 102.1 (CH, anomeric carbon of b-glucopyranoside (C-1ʺ)), 78.5, 74.8, 71.1, 

71.1 (CH, glucopyranoside), 62.5 (CH2, C-6ʺ), 47.0 (CH2, C-α), 30.9 (CH2, C-β), which was in 

accordance with previous reports on phlorizin[113,114] and the reference compound. UHPLC-ESI-

HRMS: m/z at 435.1295 ([M-H]-, C21H23O10
-, calcd. 435.1297) 

Fraction 6 (Pinocembrin dihydrochalcone glucoside): 1H NMR (600 MHz, Methanol-d4) δ 7.27 

– 7.20 (m, 4H, H-2, H-3, H-5, H-6), 7.15 – 7.11 (m, 1H, H-4), 6.13 (d, J = 2.3 Hz, 1H, H-3ʹ), 5.90 

(d, J = 2.3 Hz, 1H, H-5ʹ), 5.06 – 5.02 (m, 1H, anomeric proton of b-glucopyranoside (H-1ʺ)), 3.90 

(dd, J = 12.1, 2.2 Hz, 1H, H-6ʺ), 3.71 (dd, J = 12.2, 5.4 Hz, 1H, H-6ʺ), 3.53 – 3.43 (m, 4H, H-2ʺ, 
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H-3ʺ, H-4ʺ, H-5ʺ), 3.43 – 3.35 (m, 2H, H-α), 2.97 (ddd, J = 8.1, 6.9, 2.7 Hz, 2H, H-β). UHPLC-

ESI-HRMS: m/z at 419.1345 ([M-H]-, C21H23O9
-, calcd. 419.1348), which was in accordance with 

previous reports on the aglycone pinocembrin.[118] 

2.5.7 Extraction and SCPC separation  

The plant powders (I. ethiopica m= 267.4 mg; I. flanaganae m= 266.0 mg) were extracted using 

methanol for 15 minutes in an ultrasonic bath. After 10 minutes centrifugation at 14000xg the 

supernatants were transferred to 6 mL glass vials and dried under nitrogen flow. Sequential 

centrifugal partition chromatography (SCPC) was performed using a Gilson Glider CPC system 

with a 250 mL rotor, adjustable rotation of 200–2000 rpm and a PLC purification system (Gilson) 

pump. Detection was carried out using a UV-VIS detector (Gilson PLC,). A manual sample 

injection valve was used to introduce the samples into the column. The methanolic crude leaf 

extracts of I. ethiopica (28.7 mg) and I. flanaganae (48.3 mg) were subjected to CPC separation 

using a mixture of n-hexane: EtOAc:MeOH:H2O (2:5:2:6, v/v/v/v) as biphasic system. The 

separation was run at a revolution speed of 2200 rpm. Initially, the lower layer (water based) was 

used as the mobile phase, while the upper layer of the biphasic system was used as the stationary 

phase in a tail to head or descending mode (flow rate 5 mL/min). The effluent of the column was 

automatically collected in 8 mL aliquots and this procedure resulted in two fractions. Then after 

50 min, the organic layer was used as mobile phase in a head to tail or ascending mode. Total 

number of 46 fractions for both extracts were collected. Based on the comparison of the ESI-MS 

and HPLC chromatograms the obtained CPC fractions were combined as following for Impatiens 

ethiopica: fraction AI (1-4, tR: 7.0-13.3 min, 32 mL, 8 mg), fraction AII (5-7, tR: 13.3-18.2 min, 24 

mL,1 mg), fraction AIII (8-14, tR: 18.2-29.4 min, 56 mL, 0.5 mg), fraction AIV (15-27, tR: 29.4-

50.4 min, 104 mL, 1.2 mg), fraction AV (28-29, tR: 50.4-53.5 min, 16 mL, 12.5 mg), fraction AVI 

(30-33, tR: 53.5-60.0 min, 32 mL, 14.7 mg), fraction AVII (34-46, tR: 60.0-80.0 min, 104 mL, 9.9 

mg); and for Impatiens flanaganae: fraction BI (1-7, tR: 7.0-18.0 min, 56 mL, 25.1 mg), fraction 

BII (8-13, tR: 18.2-28.0 min, 48 mL, 1.7 mg), fraction BIII (14-28, tR: 28.0-52.2 min, 120 mL, 2.8 

mg), fraction BIV (29-30, tR: 52.2-55.3 min, 16 mL, 10.1 mg), fraction BV (31-38, tR: 55.3-

68.3 min, 64 mL, 6.9 mg), fraction BVI (39-46, tR: 68.3-80.0 min, 64 mL, 0.9 mg) 

2-Methoxy-1,4-naphthoquinone (2.1): Yellow amorphous powder. 1H NMR (600 MHz, 

Methanol-d4) δ 8.094 (1H, dd, J = 7.4, 1.5 Hz, H-8), 8.054 (1H, dd, J = 7.3, 1.5 Hz, H-5), 7.812 

(1H, ddd, J = 7.4,7.4, 1.6 Hz, H-6), 7.780 (1H, ddd, J = 7.4, 7.4, 1.5 Hz, H-7), 6.279 (1H, s, H-3), 

3.915 (3H, s, H-9). 13C NMR (151 MHz, CD3OD) δ 186.4 (C-8a), 181.4 (C-1), 162.2 (C-2), 135.5 

(C-6), 134.5 (C-7), 133.4 (C-4a), 132.6 (C-4), 127.4 (C-8), 126.9 (C-5), 110.67 (C-3), 57.10 (C-

9), UHPLC-ESI-HRMS: m/z at 189.0546 ([M+H]+, C11H9O3
-, calcd. 189.0546), which was in 

accordance with previous reports on 2-methoxy-1,4-naphthoquinone[82,131] and the reference 

compound.  
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2.5.8 Analytical high-performance liquid chromatography (HPLC) 

Analytical RP18 HPLC was carried out with an Agilent 1260/1290 system equipped with a 

quarternary pump and a diodenarray detector VL+ using a Poroshell 120 C18ec column (length: 

50 mm, internal diameter: 4.6 mm, pore size: 100 Å, particle size 2.7 µM, Agilent). For the 

separation the mobile phases were H2O (A; bidistilled, Millipore) and CH3CN (B; gradient grade, 

LiChrosolv, Merck) with formic acid (0.1%, Merck) and a gradient system was used (0–15 min, 

5–100% B (5 min); flow rate 0.8 mL/min). 

2.5.9 Biological Assays 

2.5.9.1 Antibacterial Bioassay 

Aliivibrio fischeri  

The assay was performed according to a procedure described by Stark (phD thesis 2016)[132] using 

the gram-negative A. fischeri test strain DSM507 (batch no. 1209). Briefly, for each test run a fresh 

glycerol stock was incubated in 25 mL Boss medium at 100 rpm and 23 °C for 16–18 h and was 

afterward diluted with fresh BOSS medium to an appropriate cell number (luminescence value 

between 30.000 and 50.000 RLU). The assay was conducted on black flat bottom 96 well plates 

(Brand cellGrade™premium, STERILE R) in a final volume of 200 µl of Boss medium containing 

1% DMSO in each well (100 µl diluted bacterial solution and 100 µl test solution). The respective 

extracts were applied in two concentrations (50 µg/ml and 500 µg/ml) in DMSO/medium (2%, 

v/v). The plates were incubated in the dark at 23 °C and 100% humidity without lid and without 

shaking for 24 h. The bioluminescence (obtained in relative luminescence units, RLU) is 

dependent on the cell density and was determined after 24 h using the microplate reader 

TecanGeniosPro. Therefore, the whole wavelength range was detected for 1000 ms without 

preliminary shaking to avoid secondary oxygen effects. The results (mean value ± standard 

deviation, n=6) are given as relative values (% inhibition) in comparison to the negative control 

(bacterial growth, 1% DMSO, without test compound). Negative values indicate an elevation of 

luminescence/increase of bacterial growth. Chloramphenicol was used as positive control. 

Bacillus subtilis 

The activity against the gram-positive Bacillus subtilis 168 (DSM 10) is determined in a 

turbidimetric assay, which was described in a previous work.[133] A preculture in 100 mL tryptone 

yeast medium (TY) was incubated at 37 °C for 24 h as agitated culture (120 rpm). Afterward, the 

microbial density was adjusted to the absorption of the medium at λ=612 nm. The assay was 

performed on clear flat bottom 96 well plates (Greiner Bio-one) in a final volume of 200 μl TY 

medium containing 1% DMSO in each well (100 μl diluted bacterial suspension and 100 μl test 

solution). To eliminate the influence of colored compounds for each test sample, color controls 

without bacteria were treated in the same manner. The plate with lid was incubated for 16 h at 

37 °C under shaking (80 rpm) and the absorption determined at 612 nm using the microplate reader 

TecanGeniosPro. The results (mean value ± standard deviation, n=6) are given as relative values 
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(% inhibition) in comparison to the negative control (bacterial growth, 1% DMSO, without test 

compound) after subtracting background absorption of color control samples. Chloramphenicol 

was used as positive control. 

2.5.9.2 Anthelmintic Bioassay 

The Bristol N2 wild type strain of Caenorhabditis elegans was used in the anthelmintic assay. The 

nematodes were cultured on NGM (Nematode Growth Media) petri plates using the uracil 

auxotroph E. coli strain OP50 as food source according to the methods described by Stiernagle.[134] 

The anthelmintic bioassay was carried out following the method developed by Thomsen et al..[135]  

In all the assays, the solvent DMSO (2%) and the standard anthelmintic drug ivermectin 

(10 μg/mL) were used as negative and positive controls, respectively. All the assays were carried 

out in triplicate. 

2.5.9.3 Anticancer Bioassay 

Cell lines and cultivation 

Colon adenocarcinoma cells (HT-29) were kindly provided by Prof. B. Seliger, Immunology 

Department, Martin-Luther-University Halle-Wittenberg, Germany. Human refractory prostate 

cancer cells (PC3) was purchased from the German Collection of Microorganisms and Cell 

Cultures (Leibniz-DSMZ, Germany). Cells are regularly tested for mycoplasma infections and 

were cultured as follows. B16F10 and PC3: RPMI 1640 medium with L-glutamine and sodium 

hydrogen carbonate (Sigma-Aldrich, R8758), 10% fetal bovine serum (Sigma-Aldrich, F2442), 

penicillin-streptomycin solution (Sigma-Aldrich, P4333, 10 000 units/mL penicillin and 100 

mg/mL streptomycin). HT-29: Dulbecco's Modified Eagle's Medium with 1000 mg/L glucose, L-

glutamine, and sodium hydrogen carbonate (Sigma-Aldrich D6046), 10% fetal bovine serum 

(Sigma-Aldrich, F2442), penicillin-streptomycin solution (Sigma-Aldrich, P4333, 10 000 

units/mL penicillin and 100 mg/mL streptomycin). All cells were cultured at 37 °C in a humidified 

incubator with a 5% CO2 atmosphere.  

MTT and CV assays 

For HT-29 some 2000 cells/well were seeded. 6000 cells/well have been used for PC3 cell line. 

After 24 h from incubation, cells were treated with the tested compounds in various concentrations. 

Stock solutions of the investigated compounds were prepared at 20 mM concentration in DMSO. 

According to the experiments, suitable dilutions in the medium were prepared from the stock 

solution. MTT and CV assays were performed as described in the literature.[136] For the fast 

screening with MTT and CV assays, 2 concentrations have been used (0.05 and 50 μM) in 

quadruplicate. Digitonin (125 μM) was used as control. In this study, the incubation time for all 

compounds with different cell lines was 72 h. The absorbance of the dissolved dyes was measured 

in an automated microplate reader at 540 nm with a reference wavelength of 670 nm. The results 

are presented as a percentage of control values obtained from untreated cultures. 
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Chapter 3 

- 

Isolation, Identification and Total Synthesis of 

Two New Cyclic Pentapeptides from  

Sepedonium microspermum Besl 

 

Abstract* 

Two new cyclic pentapeptides (3.1, 3.2), named microsporide A and B, were detected within the 

extract of the fungi Sepedonium microspermum Besl (strain KSH 584) besides the known cyclic 

pentapeptide chrysosporide (3.3). Their primary structures were elucidated by extensive (+)-ESI-

HRMSn analysis. The structural elucidation with NMR was supported by a comparison with 

reference compounds obtained via solid-phase peptide synthesis followed by in-solution 

cyclization. A mass spectrometry-guided isolation yielded cyclic peptide 3.1 as an isomeric 

mixture and 3.3 as pure compound. The absolute configuration of all chiral amino acids in the 

natural cyclic pentapeptides 3.2 and 3.3 and for one stereoisomer of 3.1 could be unambiguously 

determined. The amino acid sequence of the stereoisomer 3.1a was thus identified as cyclo-(D-

Ala-L-Leu-L-Leu-D-Val-L-Val), while 3.2 differs in an exchange of D-Val for D-Leu and L-Val for 

L-Ala, respectively. The structure of cyclic peptide 3.3 was confirmed as cyclo-(D-Ala-L-Leu-L-

Leu-D-Leu-L-Val). Furthermore, combined NMR and CD studies suggest the existence of β-turn 

conformations. 

 

* This Chapter corresponds to a manuscript in preparation:  

Laub, A.; Lam, Y.T.H; Méndez, Y.; Vasco V., A.; Porzel, A.; Schmidt, J.; Wessjohann, L.A.; Westermann, B.; and Arnold, N. 

Isolation, Identification and Total Synthesis of Two New Cyclic Pentapeptides from Sepedonium microspermum Besl. 

  

  



Chapter 3  

 

84 

 

3.1 Introduction  

Mycoparasitic species of the genus Sepedonium (Hypocreaceae, Ascomycota) are well-known to 

produce a notable variety of structurally diverse secondary metabolites. Besides tropolones,[1,2] 

mono- and bisanthraquinones,[3] an isoquinoline alkaloid[4] and azaphilone,[5] various peptide-

based compounds like peptaibols,[6-9] and also one cyclic pentapeptide[10] were described in recent 

years.  

Homodetic cyclic peptides are an interesting group of macrocyclic oligopeptides present in 

different organisms from plants, fungi, bacteria, sponges, algae and mammals.[11-12] In particular, 

filamentous fungi produce this class of natural products in remarkable structural diversity, ranging 

from tri- to octadeca(cyclic)peptides.[11] A large number of fungal cyclic peptides as well as 

peptaibols are biosynthesized by non-ribosomal peptide synthetases (NRPS),[13,14] enabling the 

incorporation of non-proteogenic amino acids – including D-configured homologues during their 

biosynthesis.[15]  

Fungal cyclic pentapeptides have been recognized in the genera Aspergillus, Fusarium, Hamigera, 

Penicillum, Pseudallescheria, and Xylaria.[11] They exhibit a high structural diversity containing 

e.g. N-methylation,[16] anthranilic acid moieties,[17,18] and chlorinated compounds.[19] From a New 

Zealand sample of Sepedonium chrysospermum (strain CANU E609) the cyclic pentapeptide 

chrysosporide (3.3) was described only comprising aliphatic amino acids in the primary 

sequences.[10] Similar compounds were also isolated from different endophytic and marine 

fungi.[20-24] Furthermore, fungal cyclic pentapeptides show a wide range of bioactivities like 

antiviral,[25] antibacterial,[26] insecticidal,[27] antiplasmodial,[28] cytotoxic,[29] and chitinase 

inhibiting properties.[30,31] 

3.2 Aims and Scope 

This chapter reports on the recognition, the structural elucidation and total synthesis of two new 

cyclic pentapeptides, named microsporide A (3.1) and B (3.2), besides the known chrysosporide 

(3.3) from Sepedonium microspermum Besl (strain KSH 584). Their primary sequences were 

established using intensive (+)-ESI-HRMSn analysis. The absolute configuration of microsporide 

A (3.1) and B (3.2) were determined by comparison with the corresponding synthetic products 

using cicular dichroism (CD) spectroscopy. Furthermore, results of biological evaluation results 

are discussed. 

3.3 Results and Discussion 

3.3.1. Structural elucidation and isolation of cyclic pentapeptides 3.1-3.3 

As part of ongoing studies for new peptidogenic metabolites based on our highly diverse 

Sepedonium strain collection, the culture extract of Sepedonium mircospermum was investigated 

using an UHPLC-(+)-ESI-HRMS screening approach.[32] From an enriched fraction of the crude 

extract of S. microspermum, the unknown cyclic pentapeptides (3.1, 3.2, Figure 3.1E) as well as 
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the known chrysosporide[10] (3.3, Figure 3.1 E) could be detected. They occur as traces in 

comparison to the main component (tR 16.78 min), which was annotated as the peptaibol 

ampullosporin A[6] (Figure 3.1 A, Appendix, Figure B.1-B.2). 

 

Figure 3.1. Total ion chromatogram (TIC, A) and extracted ion chromatograms (EIC) of cyclic pentapeptides 3.1 (C, 

m/z 496), 3.2 (B, m/z 482) and 3.3 (D, m/z 510) obtained from UHPLC-(+)-ESI-HRMS measurements of enriched 

extracts of S. microspermum (concentration 1 mg/mL). (E) Structures of new cyclic pentapeptides (3.1a, 3.2), and 

chrysosporide (3.3). 

The amino acid sequences of the cyclic pentapeptides 3.1-3.3 were determined by extensive (+)-

ESI-HRMSn studies (Appendix, Table B.1). The obtained complex HRMS2 spectra display several 

series of both a- and b-ions. Furthermore, ions of type [M+H-H2O]+, [M+H-CO]+ and [M+H-CO-

NH3]
+ also gave hints to the presence of a cyclic peptide structure. Cyclic peptides undergo 

multiple and indiscriminate ring-opening pathways during collision-induced dissociation (CID, as 

exemplary shown for 3.3 in Figure 3.2).[33,34] In analogy to the classical peptide sequencing a series 

of a- and b-ions are formed. It should be noted, that according to the literature not all theoretical 

ion series are detected during MS fragmentation experiments.[35] The fragment ion nomenclature 

was adapted from Ngoka and Gross, whereby the first letter is representing the C-terminal amino 

acid and the second the N-terminus.[36] 

The [M+H]+ ion of the known cyclic pentapeptide chrysosporide (3.3) at m/z 510.3650 (calcd. for 

[C26H48N5O5]
+ m/z 510.3650) was detected at a UHPLC retention time of 15.58 min (Figure 3.1 

D). The primary sequence of the cyclic pentapeptide 3.3 as cyclo-(L-Val-D-Ala-L-Leu-L-Leu-D-

Leu) was originally determined by comparison of molecular mechanic calculations with observed 

NOEs.[10] We could now confirm the primary sequence of 3.3 by fragmentation experiments in the 

MS2/MS3 mode.  

From chrysosporide (3.3) five linear peptide acylium ions can be formed (Figure 3.2). The exact 

m/z values and the corresponding elemental composition detected in the Orbitrap analyzer enabled 

the assignment of the fragment ions unambiguously. The ESI-HRMS2 spectrum of 3.3 with m/z 

510 ([M+H]+) shows a base peak at m/z 482.3699 (calcd. for [C25H48N5O4]
+ m/z 482.3701,  
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Figure 3.2, Appendix, Table B.1), representing the loss of carbon monoxide (CO) after cleavage 

of the ring structure. 

 

Figure 3.2. (+)-ESI-HRMS2-spectrum of the [M+H]+ ion at m/z 510 of the cyclopentapeptide chrysosporide (3.3, 

cyclo-(D-Ala-L-Leu-L-Leu-D-Leu-L-Val)) obtained from the UHPLC-(+)-ESI-HRMS measurements of the 

S. microspermum (KSH 584) extract. 

Besides a series of b-type ions (b2, b3, and b4), the a-type ion series was detected (Appendix, Table 

B.1). Furthermore, the b-ions can lose both NH3 and CO (see Appendix, Table B.1). However, the 

linear sequence of the b4LA-ion (HL-L-L-V+) is not detectable, which suggests that the direct 

neutral loss of the “dipeptide V-A” results in the b3LA-ion at m/z 340.2599 (calcd. for 

[C18H34N3O3]
+ m/z 340.2595, Appendix, Table B.1). For further information, MS3 experiments of 

the b4 ions were carried out. So, the MS3 spectrum of m/z 411 (b4AV) shows a loss of alanine from 

the N-terminus forming an ion at m/z 340 ([b4AV-Ala]+) besides the ions of type b3AV (m/z 298) 

and b2AV (m/z 285). Based on the neutral losses from the b-type ions, the primary structure of 

compound 3.3 was verified as cyclo-(Ala1-Leu2-Leu3-Leu4-Val5). Based on this results, the 

detected b-type fragment ions of 3.3 were used for annotation of the new compounds 3.1 and 3.2 

in their corresponding ESI-HRMS2 spectra. 

The peaks with tR = 14.73 min, tR = 14.80 min, tR = 14.98 exhibit the identical elemental 

composition (C25H45N5O5) as deduced from (+)-ESI-HRMS measurements of the [M+H]+ ions at 

m/z 496.3486 (calcd. for [C25H46N5O5]
+ m/z 496.3480). Surprisingly, the MS2 and MS3 studies 

demonstrate identical fragmentation patterns (Appendix, Table B.1). The different retention times 

of the compounds between tR = 14.73 – 14.80 min suggested different absolute configurations of 

underlying amino acids. Therefore, the peaks were assigned to 3.1a (tR = 14.73 min), 3.1b (tR = 

14.80 min), and 3.1c (tR = 14.98 min). The molecular ion of 3.1a-c revealed a mass difference of 

14 amu in comparison to 3.3 corresponding to a lack of a CH2-group in an amino acid side chain 

suggesting a replacement of a leucine by valine (Figure 3.3). 



Two New Cyclic Pentapeptides from Sepedonium microspermum Besl 

 

87 

 

 

Figure 3.3. Comparison of the (+)-ESI-HRMS2 spectra of the known chrysosporide (3.3, A, m/z 510) to the new cyclic 

pentapeptides 3.1 (B, m/z 496, 3.1a, tR = 14.8 min), and 3.2 (C, m/z 482) detected in S. microspermum (fragment ions 

are shown as nominal m/z values for better clarity). 

High-resolution CID experiments in the MS2/MS3 mode (Figure 3.3, Appendix, Table B.1, 

Scheme B.1) show a series of b-type ions displaying the four different linear peptide fragments 

originated by scissions of the amide bonds. As in compound 3.3, a b4-ion, in particular b4LA ion 

(HL-L-V-V+), was not detectable. In accordance with 3.3, the cyclic pentapeptides 3.1a-c also 

show a b4-fragment ion at m/z 397 (Figure 3.3). This ion corresponds to both linear acylium ions 

HV-A-L-L+ (b4VV) and HA-L-L-V+ (b4AV) formed by the loss of a valine from the protonated C-

terminus. The linear sequences of these b4 ions were confirmed by a MS3 experiment (Appendix, 

Table B.1). A series of b3 and b2 ions as well as related fragment a could be detected. Additionally, 

the loss of valine from the C-terminus of the b4VV ion at m/z 298.2128 (calcd. for [C15H28N3O3]
+ 

m/z 298.2125, Table B.1) and the loss of alanine from the b4AV ion at m/z 326.2433 (calcd. for 

[C17H32N3O3]
+ m/z 326.2438, Appendix, Table B.1) were observed. Based on the obtained 

fragment ion series, the primary sequence of the cyclic pentapeptide 3.1 was established as cyclo-

(Ala1-Leu2-Leu3-Val4-Val5) and named microsporide A.  

Compound 3.2 (tR 14.5 min) shows a [M+H]+ ion at m/z 482.3330 (calcd. for [C24H44N5O5]
+ m/z 

482.3337, Appendix, Table B.1). No isomers of 3.2 as compared to 3.1a-c could be observed, it 

differs by -28 amu towards lower masses compared with chrysosporide (3.3). This fact indicates 

two CH2-units less in the amino acid side chains. In case of compound 3.2, all five linear acylium 

ions, represented by the b4 ions at m/z 411.2967 (calcd. for [C21H39N4O4]
+ m/z 411.2966; b4AA, 

b4LA) and m/z 369.2493 (calcd. for [C18H33N4O4]
+ m/z 369.2496; b4LL, b4LL*, b4AL) were detectable 

(Appendix, Table B.1, Scheme B.2). In analogy to 3.3, the cyclic pentapeptide 3.2 shows the b4-

fragment ion at m/z 411 (Figure 3.3). This ion corresponds to the linear acylium ion HA-L-L-L+ 

(b4AA/b4LA), formed by the loss of alanine from the C-terminus.  
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The ESI-HRMS3 spectrum of the b4 ion at m/z 411 (b4AA/b4LA) shows dominant ions at m/z 383 

(a4AL/a4LA) corresponding to a loss of CO and a base peak at m/z 298 (b3AA/[b4LA-Leu]+). The 

[b4AA-Ala]+ ion at m/z 340.2593 (calcd. for [C18H34N3O3]
+ m/z 340.2595) confirms the sequence 

HA-L-L-L-A+ (Appendix, Table B.1, Scheme B.2). The sequence is also supported by the HRMS3 

data of the ion at m/z 369 (b4LL/b4LL*/b4AL) displaying besides a loss of CO (m/z 341) both a loss 

of alanine (m/z 298) and leucine (m/z 256). Accordingly, (+)-ESI-HRMS measurements yield the 

evidence for the occurrence of two alanine residues as well as three leucine residues within the 

primary sequence of compound 3.2. Therefore, the sequence of the cyclic pentapeptide 3.2 was 

determined to cyclo-(Ala1-Leu2-Leu3-Leu4-Ala5) and named microsporide B. 

For the isolation of the target compounds 3.1-3.3, S. microspermum was grown on semi-solid 

media for 21 days. Chromatographic separation of the culture broth and mycelial crude extract 

using Diaion HP 20 in combination with preparative RP-C18 HPLC resulted in the isolation of 

compounds 3.1 as isomeric mixture (Appendix, Figure B.3-B.5) and compound 3.3 (Appendix, 

Figure B.6-B.13). Compound 3.2, recognized by a UHPLC-(+)-ESI-HRMS screening of the 

enriched crude extract, could not be obtained through isolation in a quantity sufficient for a detailed 

spectroscopic analysis. 

3.3.2. Total synthesis and absolute configuration of cyclic pentapeptides 3.1-3.3 

The total synthesis of the natural products was performed to support the sequence of cyclic 

peptides 3.1-3.3 and to establish the absolute configurations of the cyclic pentapeptides 3.1 and 

3.2. To develop the synthesis protocol and for comparison purposes, the cyclic peptide 3.3 was 

synthesized from a linear peptide bearing the following primary sequence: D-Ala-L-Leu-L-Leu-D-

Leu-L-Val. The synthetic strategy relied on a solid-phase peptide synthesis (SPPS) approach to 

afford the linear precursors (3.4-3.6), followed by a head-to-tail cyclization under high dilution 

conditions after cleavage from the resin (Scheme 3.1).  

The linear peptides (3.4-3.6, spectral data see Appendix, Figure B.48-B.56) were synthesized using 

a standard Fmoc (fluorenylmethoxycarbonyl) protocol with a hydroxymethylphenoxy 

(Wang-type, HMP) resin and a combination of hydroxybenzotriazole (HOBt) and 

diisopropylcarbodiimide (DIC) in dimethylformamide (DMF) as coupling reagents. The 

completion of each coupling was checked by a Kaiser test. Owing to the low polarity of the linear 

unprotected peptide precursors, precipitation from cold ethyl ether was not possible. Instead, the 

mixture, previously dried under reduced pressure, was dissolved in 10% aqueous acetic acid and 

washed with CHCl3 in order to extract the remains of protecting groups and non-volatile by-

products.  
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Scheme 3.1 Solid-phase peptide synthesis (SPPS) of linear precursors 3.4-3.6 followed by head-to-tail cyclization 

towards synthetic compounds 3.1a-3.3. Reagents and conditions: resin: 3.4-3.5 non-preloaded HMP Wang-type resin 

(L-Ala was manually preloaded as first amino acid, see 3.5.9 in experimental section), 3.6: L-Val-preloaded HMP 

Wang-type resin; activation: 4 eq. Fmoc-aa1-4, 4 eq. HOBt, 4 eq. DIC in DMF, 3 mL, 4 min; coupling: after addition 

activated Fmoc-aa1-4 to resin, 1 h; deprotection: piperidine (20% in DMF), 6 mL, 2 x 10 min; cleavage: TFA/H2O/TIS 

(95:2.5:2.5, v/v/v ), 5 mL, 2 h; peptide cyclization: 1 eq. linear peptide 3.4-3.6, 4 eq. PyBOP, 8 eq. DIPEA in DMF 

(details see 3.5.10 in experimental section). 

Cyclization was performed under pseudo-high dilution conditions (0.001 M) to avoid 

dimerization. Benzotriazol-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) was 

used for activating the C-terminus and N,N-diisopropylethylamine (DIPEA) as base. The reaction 

was monitored by HPLC and completion was observed after three days. Careful analysis revealed, 

however, that cyclopeptide 3.3 was formed as a mixture of two isomers in a 4:1 ratio, containing 

the natural occuring chrysosporide (3.3) as the major isomer (Appendix, Figure B.31). The minor 

diastereomer (epi-3.3) is the result of a racemization at the C-terminus, mainly owed to the 

presence of a hindered amino acid (L-Val) at this position of activation for cyclization (see 

Appendix, Figures B.40-B.47). For further improvements of the synthesis of chrysosporide (3.3) 

(not discussed here), the linear peptide sequence was changed to D-Leu-L-Val-D-Ala-L-Leu-L-Leu 

which allowed obtaining the cyclic peptide 3.3 with a diastereomeric ratio of 7:1. The observed 

isomerization occurred alpha to the activated coupling position and not within the primary 

sequence, a known problem in peptide coupling. 

The synthesis protocols and the peptide designs for 3.1a and 3.2 were established based on the 

information offered by the primary sequence and stereochemistry of peptide 3.3. Thus, for cyclic 

peptides 3.1a and 3.2 Ala1 and Val4/Leu4 were set as D-configured amino acids (Figure 3.1). In 

order to favor the cyclization process, linear peptides were designed bearing opposite 

stereochemistry of the amino acids at either terminus. Therefore, for the synthesis of cyclic 

peptides 3.1a and 3.2, the sequences L-Leu-L-Leu-D-Val-L-Val-D-Ala and L-Leu-L-Leu-D-Leu-L-

Ala-D-Ala, respectively, were selected as the linear peptide precursors. The synthesis of these two 

cyclic peptides took place with similar reaction conditions as those employed for cyclic peptide 
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3.3, which allowed obtaining synthetic compounds 3.1a and 3.2 in diastereomeric ratios of 5:1 and 

5.6:1, respectively (see Appendix, Figure B.14 and B.22).  

Table 3.1 1H and 13C NMR data of synthetic cyclic pentapeptides (3.1a-3.3) (600/150 MHz, DMSO-d6, 40 °C, δ in 

ppm). 

a chemical shifts are from HSQC and HMBC experiments, b overlapping signals, chemical shifts are from TOCSY experiments 

To verify the proposed structures, the UHPLC-(+)-ESI-HRMS chromatograms, the 1H-NMR as 

well as CD spectra of the natural and synthetic products 3.1a-3.3 (Figure 3.7) were compared. 

Furthermore, detailed 2D-NMR experiments of the synthetic peptides 3.1a-3.3 were performed 

(Table 3.1, Appendix, Figures B.17-B.21, B.25-B.30, B.34-B.38) for the confirmation of the 

absolute configuration of the synthetic cyclic pentapeptides 3.1a-3.3. Both, the natural and 

synthetic chrysosporide 3.3 (cyclo-(D-Ala-L-Leu-L-Leu-D-Leu-L-Val) possess identical NMR 

signals, CD values as well as the same HPLC-retention time and fragmentation pattern (see Figure 

3.7, Appendix, Figures B.58-B.59). Additionally, the data are in agreement with those reported in 

literature.[10] During cyclization, an isomer of chrysosporide (epi-3.3), whose primary sequence 

and absolute configuration was determined as cyclo-(D-Ala-L-Leu-L-Leu-D-Leu-D-Val) was 

Pos. 3.1a 3.2 3.3 

 δH [ppm], mult. J [Hz] δC [ppm] δH [ppm], mult. J [Hz] δC [ppm] δH [ppm], mult. J [Hz] δC [ppm] 

 D-Ala1 D-Ala1 D-Ala1  

NH 8.197, d, 6.7  8.057, d, 6.6  8.386, d, 6.4  

C=O  172.2  172.0  172.2 

 4.26b 48.4 4.23b  48.3 4.212, p, 6.8/6.8/6.9/6.9 48.5 

 1.142, d, 6.9 16.9 1.149, dd, 6.9/2.1 16.8 1.144, d, 6.9 16.3 

 L-Leu2  L-Leu2  L-Leu2  

NH 8.478, d, 7.4  8.344, d, 7.3  8.552, d, 7.6  

C=O  171.4  171.5  171.5 

 3.963, ddd, 10.4/7.4/4.8 53.0 3.976, ddd, 10.1/7.3/5.2 52.9 3.982, ddd, 10.6/7.6/4.6 52.7 

 1.53 m, 1.45 m 39.8 1.50 m, 1.46 m 39.7 1.54a m, 1.48a m  39.8 

 1.634, dt, 15.4/13.1/6.6 24.4 1.632, dh, 8.5/6.6 24.1 1.637 m 24.2 

 0.88b 22.6 0.89b 22.6 0.89b  22.6 

´ 0.81b 21.2 0.82b 21.2 0.82b  20.9 

 L-Leu3  L-Leu3  L-Leu3  
NH 7.023, d, 7.3  7.126, d, 7.6  7.141, d, 7.2  

C=O  171.0  171.0  170.8 

 4.28b  51.4 4.28b 50.8 4.271, ddd, 9.0/7.2/5.4 51.3 

 1.53 m, 1.33 m 40.7 1.55 m, 1.33 m 40.5 1.58a m, 1.35a m 40.4 

 1.38 24.6 1.41 m 24.3 1.40a m 24.6 

 0.88b 21.8 0.87b 21.9 0.85b 22.7 

´ 0.84b 22.8 0.84b 21.4 0.83b 21.7 

 D-Val4  D-Leu4  D-Leu4  

NH 8.664, d, 8.4  8.451, d, 7.9  8.658, d, 7.9  

C=O  171.0  171.4  171.25 

 3.886, dd, 10.4/8.4 58.8 4.26b  50.3 4.324 m 50.1 

 1.992, dt, 6.7/3.3 26.6 1.49 m, 1.45 m 37.4 1.49a 36.8 

 0.86b 19.3 1.54 m 23.8 1.56a m 23.9 

´ 0.83b 18.7 ‑ ‑ ‑ ‑ 

 ‑ ‑ 0.88b 21.9 0.89b  21.7 

´ ‑ ‑ 0.81b 21.2 0.81b 21.4 

 L-Val5  L-Ala5  L-Val5  
NH 7.644, d, 9.2  7.925, d, 8.6  7.647, d, 9.1  

C=O  170.8  171.7  171.1 

 4.091, dd, 9.2/7.9 57.3 4.380, dq, 8.6/7.0 46.8 4.121, dd, 9.1/7.1 57.0 

 1.899 m 29.3 1.149, dq, 6.9/2.1 16.8 1.864 m 30.0 

 0.85b 19.2 ‑ ‑ 0.87b  19.1 

´ 0.83b 18.0 ‑ ‑ 0.84b 17.8 
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formed. The epimerization of L-Valine to D-Valine during cyclization causes changes of all 

chemical shifts within the 1H-NMR (Appendix, Figure B.41) and a complete change of the CD 

spectrum (Figure 3.7 A). Furthermore, the retention time of the isomer is different during UHPLC-

ESI-HRMS analysis and shows differences in the relative abundances of the fragment ions 

obtained from the HRMSn investigations. This phenomenon is described for the analysis of linear 

peptides, where ESI-MS/MS measurements have shown the capacity to discriminate between 

peptides that differ in the configuration at their α-carbons.[35] All detected b4 ions of the synthetic 

isomer, which possess a higher number of D-configured amino acids in its primary sequence 

(b4LL/b4LL*/b4VL), show higher abundances in comparison to chrysosporide (3.3, Appendix, Table 

B.2). This information was used for the comparison of the data obtained from the synthetic and 

natural products of the new cyclic peptides 3.1 and 3.2. 

The synthetic cyclic peptide 3.1a, with the configuration cyclo-(D-Ala-L-Leu-L-Leu-D-Val-L-Val) 

has identical retention time (tR 8.12 min) in comparison with one of the isomers occuring in the 

natural mixture 3.1 (Figure 3.4 A). Based on the Val-epimer of chrysosporide (epi-3.3) 

discrimination (vide supra), it can be suggested that the isomer from the natural mixture at tR 8.12 

min has the same configuration of the underlying amino acids than the synthetic cyclic peptide 

3.1a. 

 

Figure 3.4 A) Comparison of UV spectra (λ = 190-600 nm) acquired during UHPLC-(+)-ESI-HRMS; B) Comparison 

of NH region in the 1H spectrum of I) synthetic cyclic pentapepide 3.1a and II) isolated isomeric mixture of peptide 

3.1 (600 MHz, DMSO-d6, 25 °C). Minor differences in the chemical shifts of the two NH protons are due to small 

differences in pH and/or concentration of the two NMR samples. 
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This was further supported by comparing the fragment ion abundances of the natural and synthetic 

cyclic peptide 3.1a obtained during MS-based sequencing (Appendix, Table B.3). Within the 1H-

NMR spectrum of the natural isomeric mixture of 3.1, the five NH resonances corresponding to 

the amide protons (Figure 3.4, B/II) exhibit the same chemical shifts like the NH signals of the 

synthetic peptide 3.1a (Figure 3.4, B/I). In comparison to natural compound 3.1a, compounds 3.1b 

and 3.1c exhibit differences in retention times as well as in their fragment abundancies obtained 

during HRMS2 experiments (see Appendix, Table B.3). 

By analyzing the CD spectra of the natural isomeric mixture of compound 3.1 with that of the 

synthetic product 3.1a (Figure 3.7 B), the natural mixture containing 3.1 exhibit additional minima 

at 213, 219 and 225 nm in addition to the significant maximum at 196 nm and the minimum at 206 

nm. This indicates that in addition to isomer 3.1a, whose CD spectrum coincides with that of the 

isomer mixture, there are also other isomers in the mixture. These data are consistent with the 1H-

NMR and UHPLC data (Figure 3.4). The synthesis of the isomers 3.1b and 3.1c could not be 

achieved. Therefore, the primary sequence of 3.1b and 3.1c could be determined as cyclo-(Ala-

Leu-Leu-Val-Val) without knowledge of the absolute configuration of the amino acids. 

For the synthesized cyclic pentapeptide 3.2 the total ion chromatogram (TIC) as well as the 

fragmentation pattern were compared to natural 3.2 with tR = 7.87 min (Appendix, Figure B.57). 

Both the UHPLC retention time and the ESI-HRMS2 spectra were in excellent agreement.  

Full assignment of the resonance signals for the cyclic peptides was achieved by the analysis of 

TOCSY, HSQC and HMBC spectra. Figure 3.5 summarizes the TOCSY information as well as 

key HMBC correlations confirming the connection between the different spin systems. For cyclic 

peptide 3.3, the data are in accordance with the previously reported cyclo-(L-Val-D-Ala-L-Leu-L-

Leu-D-Leu).[10] 

 

Figure 3.5 Key HMBC (H to C) and TOCSY correlations of synthetic cyclic pentapeptides 3.1a-3.3. 
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The analysis of the ROESY spectrum and the amide proton coupling constants (3JHN-Hα), allows 

conclusions of structural features of compounds 3.1a-3.3. The observation of 3JHN-Hα higher than 

8 Hz is a known characteristic of skeletons with relative fixed conformations around the phi 

dihedral angles (ϕ), commonly found in native beta sheet structures. For L-amino acids this means 

ϕ= -120 ±300 while for D-amino acids ϕ= +120 ±300. Additionally, the ROESY spectra of these 

molecules were not rich in interresidual crosspeaks, but mostly were confined to sequential 

correlations (i.e. between amino acids consecutive in the sequence). The most relevant ROEs 

found are also illustrated in Figure 3.6.  

 

Figure 3.6 Key Structural information deduced from NMR data for synthetic cyclic pentapeptides 3.1a-3.3. 

When compared, it seems that cyclic peptides 3.2 and 3.3 share structural similarities, with a fixed 

phi dihedral angle at residue 5. Apparently, a bulkier side chain informs of a Val residue at position 

5 in peptide 3.3 forces the backbone into a slightly different arrangement if compared with 

compound 3.2. This latter is evidenced by the different ROE contacts of the amide proton of Ala1, 

indicating spatial proximity with the amide proton of Leu4 for peptide 3.2 or Leu3 for peptide 3.3, 

respectively. In contrast, in cyclic peptide 3.1a the 3JHN-Hα values are higher than 8 Hz for residues 

Val4 and Val5, indicative of a different conformation governed by fixed phi angles at these 

residues. Interestingly, in the three compounds the amide protons from residue 5 show a correlation 

with those of residues 2 and 3, suggesting that these atoms point to the inside of the ring. 

From the CD spectra of the synthesized compounds it can also be noticed that cyclic peptides 3.2 

and 3.3 share some structural similarities. Even when there are some resemblances with the CD 

spectra for random coil peptides, the deep minimum around 204 nm (rather than 195 nm in random 

coil) and the positive absorption band around 190 nm are evidences of partial 310-helicity, which 

could be correlated to the existence of β-turn conformations. This latter could be expected from a 

short cyclic peptide sequence such as the one studied. In contrast, the synthetic cyclic peptide 3.1a 

shows a clear maximum at 196 nm while keeping a minimum around 206 nm (Figure 3.7). 
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Figure 3.7 Comparison of circular dichroism spectra of A) natural and synthetic chrysosporide (3.3, epi-3.3); B) 

natural and synthetic microsporide A (3.1a) and, C) the synthetic cyclic pentapeptides microsporide A (3.1a), B (3.2) 

and chrysosporide (3.3). (Intensities of the spectra were normalized due to concentration differences. Original data 

see Appendix, Figure B.7, B.16, B.24, B.33, B.40) 

3.3.3. Antibacterial and anthelmintic activity 

Chrysosporide (3.3) was evaluated for its antibacterial and anthelmintic activities. For the 

antibacterial activity screening the gram-negative strain Aliivibrio fischeri (Appendix Figure 

B.61), and standard pathogenic control strains, namely Staphylococcus aureus (ATCC 6538P), 

Staphylococcus aureus MRSA (ATCC 43300), Enterococcus faecalis (ATCC 29212), 

Enterococcus spp. (ATCC 25922), Acinetobacter baumannii (ATCC 19606), and Pseudomonas 

aeruginosa (ATCC 27853), were selected for testing (Appendix, Table B.4). Chrysosporide (3.3) 

did not exhibit inhibitory activities against all these mentioned strains. Furthermore, compound 

3.3 was tested concerning its anthelmintic properties against Caenorhabditis elegans (Appendix, 

Figure B.60), but it did not show any activity. These results are in agreement with observations of 

Li et al.[20]. In that case structurally similar cyclic pentapeptides (cyclo-(L-Leu-L-Leu-D-Leu-L-

Leu-L-Ile/L-Val/L-Leu) also did not indicate antibacterial activity and cyclo-(L-Leu-L-Leu-L-Leu-

L-Leu-L-Ile) exhibited only moderate inhibitory effects against the three plant pathogenic fungi 

Aphanomyces cochlioides, Pythium ultimum, and Rhizoctonia solani.[19] Furthermore, their 

possible biological functoin as signal molecule could not be demonstrated.[20] 

3.4 Conclusions 

The two new cyclic pentapeptides 3.1a (cyclo-(D-Ala-L-Leu-L-Leu-D-Val-L-Val)) and 3.2 (cyclo-

(L-Leu-L-Leu-D-Leu-L-Ala-D-Ala)) as well as chrysosporide (3.3) (cyclo-(D-Ala-L-Leu-L-Leu-D-

Leu-L-Val)) were detected and structurally elucidated from the enriched crude extract of 

Sepedonium microspermum by intensive (+)-ESI-HRMSn investigations. This is the first detection 

of cyclic peptides as metabolites from the mycoparasitic fungus S. microspermum. MS-guided 

isolation yielded compound 3.1 as isomeric mixture (3.1a-c) and pure chrysosporide (3.3). It is 

known from peptaibols as characteristic constituents of Sepedonium spp. that they usually occur 

as complex mixtures of homologues Furthermore, one major compound often dominates compared 
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with other minor components.[14] The structures of the herewith described cyclic pentapeptides 

3.1-3.3 represent minor constituents of yet unknown biological function. Their structures were 

elucidated by extensive (+)-ESI-HRMSn experiments as a powerful method for peptide 

sequencing. Furthermore, the relative and absolute configuration and the structural confirmation 

of the compounds 3.1a-3.3 could be elucidated by a direct comparison with reference compounds 

obtained from total synthesis. The use of a combination of advanced analytical techniques, 

isolation and synthesis efforts again was confirmed as the most powerful approach for unequivocal 

natural product identification. 
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3.5 Experimental Section 

3.5.1. General Procedures 

Adsorption chromatography was performed using a batch approach with Diaion HP 20 purchased 

from Supelco (USA). CD spectra were obtained from a Jasco J-815 CD spectrometer.  

3.5.2. NMR 

NMR spectra of the cyclic peptides were recorded with an Agilent VNMRS 600 NMR 

spectrometer operating at 40 °C. The compounds were dissolved in DMSO-d6 (99.96% D) and 

spectra were recorded at 599.83 MHz (1H) and 150.84 MHz (13C) using a 5-mm inverse detection 

cryoprobe. 1D (1H) and 2D NMR spectra (1H,13C gHSQCAD, 1H,13C gHMBCAD, 1H,1H 

gDQCOSY, 1H,1H zTOCSY, 1H,1H ROESY) were recorded using standard CHEMPACK 8.1 

pulse sequences (s2pul) implemented in Varian VNMRJ 4.2 spectrometer software. The mixing 

time for the TOCSY experiments was set to 80 msec, for the ROESY experiments was set to 300 

msec. The HSQC experiment was optimized for 1JCH = 146 Hz with DEPT-like editing and 13C-

decoupling during acquisition time. The HMBC experiment was optimized for a long-range 

coupling of 8 Hz and the 13C band selective HMBC of 4 Hz. 1H chemical shifts are referenced to 

internal TMS (δH = 0 ppm) and 13C chemical shifts to internal DMSO-d6 (δC = 39.5 ppm). The 

NMR spectra of the linear peptides were recorded on a Varian DD2 spectrometer at 399.82 MHz 

(1H) and 100.54 MHz (13C), respectively. 

3.5.3. UHPLC-ESI-HRMS 

The positive ion high-resolution ESI mass spectra and collision-induced dissociation (CID) MSn 

spectra were obtained from an Orbitrap Elite mass spectrometer (Thermo Fisher Scientific, 

Germany) equipped with a HESI electrospray ion source (spray voltage 4.0 kV/4.5 kV, capillary 

temperature 275 °C/325 °C, source heater temperature 250 °C/300 °C, FTMS resolution 15.000). 

Nitrogen was used as sheath and auxiliary gas. The MS system was coupled to an ultra-high-

performance liquid chromatography (UHPLC) system (Dionex UltiMate 3000, Thermo Fisher 

Scientific) equipped with an RP18 column (particle size 1.9 µm, pore size 175 Å, 50 x 2.1 mm 

internal diameter, Hypersil GOLD, Thermo Fisher Scientific, column temperature 30°C or 45 °C) 

and a photodiode array detector (190-400 nm, Thermo Fisher Scientific). The mobile phases 

consisted of H2O (A, Merck Millipore Milli-Q equipment) and CH3CN (B, Fluka Analytical, LC-

MS Chromasolv) with acetic acid (0.2%, Fluka, solvent system I) or formic acid (0.1%, Fluka, 

solvent system II). Chromatographic separation during the UHPLC-(+)-ESI-HRMS based 

screening and for the analysis of the linear peptide precursors I/II was established using a gradient 

system with solvent system I starting with 5 % B increasing within 15 min to 100 %, holding 

isocratic for further 10 min (flow rate 0.15 mL/min). For the analysis of the pure natural and 

synthetic cyclic compounds the following gradient system (solvent system II) was used: 0-1 min, 

5 % B, 1-11 min 5-98 % B, 11-14 min 98 % B, flow rate 0.4 ml/min. CID mass spectra (buffer 

gas: helium) were recorded using normalized collision energies (NCE) of 35-45 % (see Appendix). 
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The instrument was externally calibrated using Pierce ESI positive-ion calibration solution 

(product No. 88323) from Thermo Fisher Scientific. The data were evaluated using the software 

Xcalibur 2.2 SP1. 

3.5.4. General SPPS 

The synthesis of the linear peptides was performed in a reaction vessel equipped with a sintered 

glass bottom using the general Fmoc/t-Bu strategy for solid-phase peptide synthesis (SPPS). The 

L-configured Fmoc-Val-OH and Fmoc-Leu-OH were supplied from Novabiochem (Germany) and 

the D-configured Fmoc-Ala-OH and Fmoc-Leu-OH from Carbolution Chemicals GmbH 

(Germany). The Fmoc-L-Val preloaded as well as the non-preloaded Wang-type resin were 

purchased from Iris Biotech GmbH (Germany). Piperidine, pyridine, diisopropylcarbodiimide 

(DIC), dimethylaminopyridine (DMAP), triisopropyl silane (TIS), hydroxybenzotriazole (HOBt), 

acetic anhydride (Ac2O), N,N-Diisopropylethylamine (DIPEA), trifluoroacetic acid (TFA), 

benzotriaz-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP), and 

dimethylformamide (DMF) were purchased from Sigma-Aldrich (Germany). Dichlormethane 

(DCM) was used in distilled quality. 

3.5.5. Preparative HPLC 

Preparative HPLC was carried out with a Shimadzu prominence system equipped with a CBM-

20A communications bus module, a SPD-M20A diode array detector, a DGU-20A5R degassing 

unit, a LC-20AT liquid chromatograph, and a SIL-20A HT auto sampler using either column 1 

(YMC Pack Pro C18 column (5 m, 120 Å, 150 x 10 mm internal diameter, YMC, USA) or column 

2 (LiChrospher C18, 10 µm, 100 Å, 250 x 10 mm i. d., Merck, Germany). The system was 

controlled using the LabSolutions software (version 5.57). 

3.5.6. Semipreparative HPLC-MS 

Semipreparative RP-18 HPLC-MS was performed using a custom set of Agilent 1200 Infinity I 

series consisting of a preparative binary pump (G1361A), an analytical quaternary pump 

(G1311B) used as make-up pump, an auto sampler (G2260A), a column select valve (G1159A), a 

fraction collector (G1364B), a multiple wavelength detector (G1365D), a splitter (G1968D) and 

single quadrupole MS detector with an electrospray ionization source (ESI, 6120). Electrospray 

mass spectrometry measurements were performed in positive ionization mode (fragmentor, 5 V; 

threshold spectral abundance, 150; capillary voltage, 3000 V) using a mass range of 100–600 Da. 

Automated fractionation was carried out using SIM mode. Nitrogen was used as the nebulizer gas 

(nebulizer pressure, 35 psig). The drying gas flow was set to 12.0 L/min and the drying gas 

temperature to 250°C. For chromatographic separation an ODS-A C18 ec column (5 μm, 120 Å, 

150 x 20 mm internal diameter, YMC, USA) was used. The whole system was controlled by the 

Agilent Chemstation (Rev. 8.04.03 SP1). 

https://www.sigmaaldrich.com/catalog/substance/nndiisopropylethylamine12924708768511
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3.5.7. Fungal strain and cultivation  

Sepedonium microspermum Besl (strain KSH 584) was isolated in September 2001 from 

Xerocomus chrysenteron (Bull.) Quél. (leg./det. I. Wagner) in Italy (Monte Caloria Fagnano 

Castello (Cosenza) 1100 m). S. microspermum (strain KSH 584) is preserved at the Leibniz 

Institute of Plant Biochemistry, Halle (Saale). The culture of S. microspermum was stored on malt 

peptone agar (MPA) plates (10 g of malt, 2.5 g peptone and 15 g of agar in 1000 mL deionized 

water) and transferred periodically.  

For the UHPLC-ESI-HRMS screening of the cyclic peptides, fungal cultures were grown for 14 

days on malt-peptone agar in triplicate at room temperature and then stored at -65 °C until 

extraction.  

The up-scaled semisolid cultures, used for isolation of cyclic peptides, were grown in 20 

Erlenmeyer flasks (size 1 L), each containing 1.5 g of cotton wool and 250 mL of malt peptone 

medium (2.5 g malt and 0.625 g peptone in 250 mL deionized water), resulting in a total volume 

of 2.5 L. Each culture flask was inoculated with a 10 x 10 mm agar plug of colonized fungus and 

incubated for 21 days at room temperature without agitation. 

3.5.8. Extraction, sample preparation and isolation  

For the preparation of the enriched extracts for the UHPLC-ESI-HRMS-based screening, three 

stored deep frozen agar plate cultures of S. microspermum were crushed in small pieces and 

extracted with DCM:MeOH (1:1, v/v, 3 x 500 mL) in an ultrasonic bath at room temperature. The 

combined extracts were filtered, and evaporated to dryness in vacuo. The dried crude extract was 

redissolved in MeOH/H2O (1:2, v/v) to a concentration of 50 mg/mL. The resulting solution was 

separated on SPE cartridges Chromabond® C 18 (loading 200 mg/ 3 mL, particle size 45 µm, 

Macherey-Nagel), targeted peptides 3.1-3.3 were eluted with MeOH (100%). After evaporation to 

dryness in vacuo, the enriched fraction was redissolved in MeOH to a concentration of 1 mg/mL. 

Aliquots of 2 µL were used for further analysis by UHPLC-(+)-ESI-HRMS. 

For isolation of the natural cyclic pentapeptides, the mycelia were separated from the culture broth 

by vacuum filtration, frozen with liquid nitrogen, and extracted with MeOH (3 × 1.5 L). The 

yellow solution was evaporated to dryness, redissolved in H2O, and combined with the culture 

broth. Activated Diaion HP 20 (20 g) was added and agitated for 12 hours at room temperature. 

Diaion HP 20 was removed by vacuum filtration, washed with H2O, eluted with MeOH, and the 

extract was evaporated in vacuo to dryness. The resulting methanolic crude extract (3.25 g) was 

resuspended in a MeOH/H2O mixture (1.4:1, v/v). The insoluble part (285.2 mg), which contains 

the targeted cyclic peptides, was split by centrifugation and further separated using preparative 

HPLC using column 1 with H2O (A) and CH3CN (B), both containing 0.1 % FA, as eluents (0-

10 min, 30-80% B, 10-20 min, 80-90% B, 20-21 min, 90-100% B, flow rate 4.5 mL/min), 

obtaining chrysosporide 3.3 (Rt = 12.0 min, 5.31 mg) and an isomeric mixture of 3.1 (Rt= 11.0 
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min, 1.7 mg). Compound 3.2 was only detected by UHPLC-(+)-ESI-HRMS in traces, making 

isolation impossible.  

Natural cyclic pentapeptide 3.3: White amorphous solid. UV (PDA signal LC-HRMS) λmax = 

222 nm. (+)-ESI-HRMS: calcd. for [M+H]+ 510.3650 , found 510.3642. NMR: see Appendix, 

Figure B.8-B.13, ESI-HRMSn: see Appendix, Table B.1. 

3.5.9. Solid-phase peptide synthesis 

General procedure. The synthesis of the linear intermediate peptides was carried out on a Wang-

type resin. In some indicated instances, it was required to load the the first amino acid onto the 

resin using 10 equivalents (eq.) relative to the resin capacity of the corresponding Fmoc 

derivatives. The Fmoc amino acid in DCM (3 mL/mmol) was placed in a round bottom flask with 

a magnetic stirrer with the aid of some drops of DMF at 0 oC. At this point 5 eq. of DIC were 

added and the mixture was stirred for 10 min at 0 oC. The solution was added to the resin 

(previously swollen) and 1 eq. DMAP in DMF was also added. After 1 h stirring, the resin was 

washed three times with DCM (3x3 mL) and three times with DMF (3x3 mL). Acetic anhydride 

(5 eq.) and pyridine (1 eq.) in DMF were added to the resin and the mixture was stirred for 30 min 

in order to cap the non-reactive groups on the resin. The pre-loaded resin was swollen in DCM 

(3 mL) for 20 min. Afterwards, it was treated twice with piperidine (20% in DMF, 2x3 mL) for 

10 min each in order to deprotect the first amino acid. For the sequential peptide coupling, 4 eq. 

of the corresponding amino acid were activated using HOBt (4 eq.) and DIC (4 eq.) in 1 mL DMF 

for 4 min, and then this mixture was added to the resin. The completion of each coupling was 

checked after 20 min with the Kaiser test. Peptides were cleavage from the resin using the mixture 

TFA/H2O/TIS (95:2.5:2.5, v/v/v; 5 mL) for 2 h. Then, the mixture was poured onto cold ether and 

the volatiles were removed under reduced pressure. After re-dissolving the crude in 10% acetic 

acid, the mixture was washed three times with chloroform. The aqueous phase was dried under 

reduced pressure, the residue re-dissolved in glacial acetic acid and lyophilized. 

Linear peptide 3.4: Synthesis was carried out in 0.2 mmol scale using a non-preloaded Wang-resin 

(loading 0.6-1.2 mmol/g). Loading of the first amino acid (Fmoc-D-Ala-OH) on the resin, as well 

as, the sequential peptide coupling was performed as described in the general procedure to yield 

195 mg of peptide 3.4 (85%, 76% HPLC purity). (+)-ESI-MS: [M+H]+ m/z 514, [M+Na]+  m/z 

536; NMR Data: 1H NMR (DMSO-d6, 400 MHz) δ 8.55 (1H, d, J = 8.4 Hz, NH), 8.17 (1H, d, J 

= 7.3 Hz, NH), 8.06 (1H, d, J = 8.7 Hz, NH), 7.92 (1H, d, J = 9.2 Hz, NH), 4.56–4.50 (1H, m), 

4.31 (1H, dd, J = 8.5, 6.3), 4.27–4.17 (m, 3H), 2.04–1.93 (2H, m), 1.87–1.80(1H, m) 1.69–1.43 

(6H, m), 1.25 (3H, d, J = 7.2 Hz), 0.94–0.77 (24H, m); 13C NMR (DMSO-d6, 100 MHz) δ 173.8, 

171.6, 170.8, 170.5; 168.7 (C, C=O), 57.7, 57.1, 51.4, 50.7, 47.4 (CH), 41.5, 40.3 (CH2), 30.7, 

24.1, 23.4 (CH), 23.0, 22.8, 21.7, 21.6, 19.3, 19.2, 17.8, 17.5 (CH3). 

Linear peptide 3.5 Synthesis was carried out in 0.2 mmol scale using a non-preloaded Wang-resin 

(loading 0.6-1.2 mmol/g). Loading of the first amino acid (Fmoc-D-Ala-OH) on the resin, as well 
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as, the sequential peptide coupling was performed as described in the general procedure to yield 

86 mg of peptide 3.5 (77%, 95% HPLC purity). (+)-ESI-MS [M+H]+ m/z 500, [M+Na]+ m/z 522; 

NMR: 1H NMR (DMSO-d6, 400 MHz) δ 8.37 (1H, d, J = 7.8 Hz, NH), 8.07 (1H, d, J = 7.8 Hz, 

NH), 7.89 (1H, d, J = 7.5 Hz, NH), 7.83 (1H, d, J = 7.8 Hz, NH), 4.21 (1H, dd, J = 14.8, 7.7 Hz), 

4.16–4.05 (2H, m), 3.63 (1H, s), 1.49–1.20 (8H, m); 1.08 (3H, d, J = 7.2 Hz), 1.01 (3H, d, J = 7.0 

Hz), 0.86 (6H, d, J = 6.2 Hz), 0.76–0.61 (12H, m); 13C NMR (DMSO-d6, 100 MHz) δ 173.9, 

171.7, 171.5, 171.4, 168.8 (C, C=O), 51.6, 51.2, 50.7, 47.8, 47.4 (CH), 41.2, 40.6 (CH2), 24.2, 

24.1, 23.4 (CH), 23.1, 22.9, 22.8, 21.8, 21.6, 21.2, 18.7, 17.4 (CH3). 

Linear peptide 3.6: Synthesis was carried out in 0.2 mmol scale using commercial, preloaded 

Fmoc-L-Val-Wang resin (loading 0.53 mmol/g). Peptide coupling was performed as described in 

the general procedure to yield 80 mg of peptide 3.6 (68%, 97% HPLC purity). (+)-ESI-MS [M+H]+ 

m/z 528, [M+Na]+ m/z 550; NMR Data: 1H NMR (DMSO-d6, 400 MHz) δ 8.54 (1H, d, J = 8.3 

Hz, NH), 8.11 (1H, d, J = 4.5 Hz, NH), 7.99 (1H, d, J = 8.5 Hz, NH), 7.92 (1H, d, J = 6.3 Hz, NH), 

4.47–4.34 (2H, m), 4.28 (1H, dd, J = 14.6, 7.3 Hz), 4.12 (1H, dd, J = 8.7, 5.8 Hz), 3.87 (1H, dd, J 

= 13.9, 6.9 Hz), 2.09–1.99 (1H, m), 1.61–1.38 (9H, m), 1.33 (3H, d, J = 7.3 Hz), 0.93–0.95 (24H, 

m); 13C NMR (DMSO-d6, 100 MHz) δ 173.0 (C=O), 172.1 (C=O), 171.6 (C=O), 171.5 (C=O), 

57.1 (CH), 51.5 (CH), 51.0 (CH), 50.8 (CH), 48.3 (CH), 41.2(CH), 40.8 (CH), 30.2, 24.3, 24.2, 

23.2, 22.9, 21.8, 21.3, 21.1, 19.2, 18.0, 17.6. 

3.5.10. In-solution peptide cyclization 

General procedure. The linear peptide dissolved in 10 mL DMF was added dropwise (0.5 mL/h) 

into a three necked flask containing a mixture of PyBOP (4 eq.) and DIPEA (8 eq.) dissolved in 

90 mL DMF. The invase addition reaction was run for 3 days under nitrogen atmosphere and high 

dilution conditions (0.001 M). After monitoring the reaction completion by ESI-MS and HPLC, 

the reaction mixture was concentrated under reduced pressure. 

Synthetic cyclic pentapeptide 3.1a (microsporide A): Peptide 3.4 (100 mg, 0.174 mmol) dissolved 

in 10 mL DMF and a mixture of PyBOP (406 mg in 180 mL DMF) and 270 µL of DIPEA was 

added. The cyclization was performed as described in the general procedure. Precipitation of the 

crude material with methanol at room temperature yielded 12.3 mg of cyclic pentapeptide 3.1a 

(purified yield 14.3%) as a white amorphous solid. Analytical UHPLC (λ= 205-210 nm): tR = 8.14 

min, 91% purity. UV (PDA signal LC-HRMS) λmax = 222 nm; (+)-ESI-HRMS: calcd. for [M+H]+ 

496.3493, found 496.3491; NMR Data: see Table 3.1. 

Synthetic cyclic pentapeptide 3.2 (mycrosporide B): Peptide 3.5 (60 mg, 0,107 mmol) dissolved in 

10 mL DMF and a mixture of PyBOP (249.8 mg in 120 mL DMF) and 166 µL of DIPEA was 

added The cyclization was performed as described in the general procedure. Purification of the 

crude material using semi-preparative HPLC and column 2 with H2O + 0.1% FA (A) and CH3CN 

+ 0.1% FA (B) as eluents (0-5 min, 5-40% B; 5-10 min, 40-60%; 10-12 min, 60-100%; flow rate 

5 mL/min) yielded 1.3 mg of cyclic pentapeptide 3.2 (purified yield 2.5%) as a white amorphous 
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solid. Analytical UHPLC (λ = 205-210 nm): tR 7.95 min, 84% purity. UV (PDA signal LC-HRMS) 

λmax = 222 nm. (+)-ESI-HRMS: calcd. for [M+H]+ 482.3337, found 482.3334. NMR Data: see 

Table 3.1. 

Synthetic cyclic pentapeptide 3.3 (chrysosporide): Peptide 3.6 (60 mg, 0.102 mmol) dissolved in 

10 mL DMF and a mixture of PyBOP (237.3 mg in 90 mL DMF) and 158 µL of DIPEA was 

added. The cyclization was performed as described in the general procedure. Purification of the 

crude material using semi-preparative HPLC-MS with H2O + 0.1% FA (A) and MeOH + 0.1% FA 

(B) as eluents (0-15 min, 70-90% B; flow rate 9.5 mL/min) yielded 14.5 mg of cyclic pentapeptide 

3.3 (isolated yield, tR 11.6 min,) and 11.3 mg of its synthetic isomer epi-3.3 (isolated yield 22%, 

tR 9.2 min), both as white amorphous solids. Synthetic cyclic pentapeptide 3.3: Analytical UHPLC 

(λ = 205-210 nm): Rt 8.66 min, 92% purity. UV (PDA signal LC-HRMS) λmax = 222 nm. ESI-

HRMS: calcd. for [M + H]+ 510.3650 , found 510.3651. NMR Data: see Table 3.1. Synthetic cyclic 

pentapeptide epi-3.3: Analytical UHPLC (λ = 205-210 nm): tR 8.13 min, 90% purity; UV (PDA 

signal LC-HRMS) λmax = 222 nm. (+)-ESI-HRMS: calcd. for [M+H]+ 510.3650 , found 510.3647. 

NMR Data: Table 3.1. 

3.5.11 Biological Assays 

3.5.11.1 Antibacterial Bioassay 

Aliivibrio fischeri  

The assay was performed according to a procedure described by Stark (phD thesis 2016)[37] using 

the gram-negative A. fischeri test strain DSM507 (batch no. 1209). Briefly, for each test run a fresh 

glycerol stock was incubated in 25 mL Boss medium at 100 rpm and 23 °C for 16–18 h and was 

afterward diluted with fresh BOSS medium to an appropriate cell number (luminescence value 

between 30.000 and 50.000 RLU). The assay was conducted on black flat bottom 96 well plates 

(Brand cellGrade™premium, STERILE R) in a final volume of 200 µl of Boss medium containing 

1% DMSO in each well (100 µl diluted bacterial solution and 100 µl test solution). The respective 

extracts were applied in two concentrations (50 µg/ml and 500 µg/ml) in DMSO/medium (2%, 

v/v). The plates were incubated in the dark at 23 °C and 100% humidity without lid and without 

shaking for 24 h. The bioluminescence (obtained in relative luminescence units, RLU) is 

dependent on the cell density and was determined after 24 h using the microplate reader 

TecanGeniosPro. Therefore, the whole wavelength range was detected for 1000 ms without 

preliminary shaking to avoid secondary oxygen effects. The results (mean value ± standard 

deviation, n=6) are given as relative values (% inhibition) in comparison to the negative control 

(bacterial growth, 1% DMSO, without test compound). Negative values indicate an elevation of 

luminescence/increase of bacterial growth. Chloramphenicol was used as positive control. 
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Broth microdilution method 

In vitro antibacterial activity was investigated determining the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC). A broth microdilution method using 

sterile 96-well microdilution plate was used to determine the MIC, bottom wells with Muller 

Hinton broth according CLSI 2016. The methodology also included a positive control for growth 

(bacterial strains without compound) and negative control (compound without bacterial strains). 

The microplates were incubated at 37°C for 24 h. The MBC was determined pouring 100 µL of 

culture from well representing the MIC and at least three of the more concentrated test product 

dilutions in 5 mL of tryptic soy broth and cultivated at 37°C for 24 h. Evaluated concentration 

range: 2-128 µg/mL, methanol or DMSO concetration in microplate: 6%. The following bacterial 

strains were used: Staphylococcus aureus (ATCC 6538P), Staphylococcus aureus MRSA (ATCC 

43300), Enterococcus faecalis (ATCC 29212), Enterococcus spp. (ATCC 25922), Acinetobacter 

baumannii (ATCC 19606), and Pseudomonas aeruginosa (ATCC 27853). 

3.5.11.2 Anthelmintic Bioassay 

The Bristol N2 wild type strain of Caenorhabditis elegans was used in the anthelmintic assay. The 

nematodes were cultured on NGM (Nematode Growth Media) petri plates using the uracil 

auxotroph E. coli strain OP50 as food source according to the methods described by Stiernagle.[38] 

The anthelmintic bioassay was carried out following the method developed by Thomsen et al..[39]  

In all the assays, the solvent DMSO (2%) and the standard anthelmintic drug ivermectin 

(10 μg/mL) were used as negative and positive controls, respectively. All the assays were carried 

out in triplicate. 
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Chapter 4 

- 

HPTLC-DESI-HRMS based Profiling of Anthraquinones 

in Complex Mixtures –  

A Proof-Of-Concept Study using Crude Extracts of 

Chilean Mushrooms 

Abstract* 

High-performance thin-layer chromatography (HPTLC) coupled with negative ion desorption 

electrospray ionization high-resolution mass spectrometry (DESI-HRMS) was used for the 

analysis of anthraquinones in complex crude extracts of Chilean dermocyboid Cortinarii. For this 

proof-of-concept study, the known anthraquinones emodin, physcion, endocrocin, dermolutein, 

hypericin, and skyrin were identified by their elemental composition. HRMS also allowed the 

differentiation of the investigated anthraquinones from accompanying compounds with the same 

nominal mass in the crude extracts. An investigation of the characteristic fragmentation pattern of 

skyrin in comparison with a reference compound showed, exemplarily, the feasibility of the 

method for the determination of these coloring, bioactive and chemotaxonomically important 

marker compounds. Accordingly, we demonstrate that the coupling of HPTLC with DESI-HRMS 

represents an advanced and efficient technique for the detection of anthraquinones in complex 

matrices. This analytical approach may be applied in the field of anthraquinone-containing food 

and plants such as Rheum spp. (rhubarb), Aloe spp., Morinda spp., Cassia spp. and others. 

Furthermore, the described method can be suitable for the analysis of anthraquinone-based 

colorants and dyes, which are used in the food, cosmetic, and pharmaceutical industry. 

* This Chapter was published with minimal alterations: Laub, A.; Sendatzki, A.-K.; Palfner, G.; Wessjohann, L.A.; 

Schmidt, J.; Arnold, N.; Foods 2020, 9, 156.  
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 4.1 Introduction  

Anthraquinones represent a large family of naturally occurring pigments, which are produced by 

plants, microbes, lichens, insects, and fungi.[1] Besides their coloring properties, these natural 

products exhibit a broad range of bioactivities such as antibacterial, antiparasitic, anti-

inflammatory, fungicidal, insecticidal, laxative, antiviral, and anticancer but also DNA 

intercalating properties.[2–7] The chemical structure of anthraquinones is based on an anthracene 

skeleton with two keto groups in position 9 and 10. The basic core unit can be further substituted 

at various positions and connected with sugar molecules, forming the corresponding 

glycosides.[8,9]  

In the literature, about 700 anthraquinone derivatives are described, in which emodin, physcion, 

catenarin, and rhein are the most frequently reported.[9–11] Two hundred of these are described for 

flowering plants, which also occur in edible plants and vegetables such as Rheum, Aloe and Cassia 

species, while the remaining ones are produced by lichens and fungi.[7,8,12] 

The genus Cortinarius (including Dermocybe) is one of the most diverse genera of 

basidiomycetous fungi, containing a large variety of anthraquinones.[13–15] The occurrence and 

distribution of these pigments is closely linked to species diversity and allows their use as 

chemotaxonomic marker compounds in species delimination.[16–22] 

The analysis of anthraquinones is of interest due to their wide range of applications. A continuous 

improvement of the analytical techniques is needed to overcome difficulties with respect to 

interference with various types of matrices and low abundance of the analytes within complex 

mixtures.[7] 

Thin-layer chromatography is an effective method for the chromatographic separation of 

anthraquinones.[23–26] Furthermore, several mass spectrometry-based methods have been 

developed for a deep analysis of anthraquinones providing characteristic [M-H]− ions in negative 

ion mode.[27–29] 

Desorption electrospray ionization mass spectrometry (DESI-MS) represents a powerful ambient 

ionization mass spectrometric technique which enables a direct ionization of analytes from 

surfaces with subsequent mass spectrometric detection.[30–32] The coupling of DESI-MS with high-

performance thin-layer chromatography (HPTLC) provides a robust methodological approach for 

the separation and highly sensitive detection of secondary metabolites in plants and fungi.[33–35] 

Furthermore, this method is suitable for the fingerprint analysis of crude extracts in natural product 

research.[36,37] Recently, the detection of excreted polyhydroxyanthraquinones from the surface of 

fungal culture agar plates using DESI-MS in a negative ion mode was reported.[38] 
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4.2 Aims and Scope 

In the present paper, we report the development of a rapid profiling method of anthraquinones, 

exemplified with the analysis of different crude extracts from Chilean dermocyboid Cortinarii 

concerning their anthraquinone pattern based on the combination of HPTLC with negative ion 

DESI-HRMS. For this proof-of-concept study, extracts from fruiting bodies of six dermocyboid 

Cortinarii were investigated for the occurrence of the known anthraquinones emodin, physcion, 

endocrocin, dermolutein, hypericin, and skyrin. Furthermore, the possibility of performing 

MS/MS experiments on the desorbed analytes directly from the HPTLC plate was exemplarily 

shown for the bisanthraquinone skyrin in comparison with data obtained from direct-infusion MS 

experiments. 

4.3 Results and Discussion 

4.3.1 Method Development 

The normal-phase HPTLC plates were developed for 55 mm in one dimension to enable the 

separation of anthraquinones according to their polarity (Figure 4.1). The geometry of the source, 

the composition of the spray solvent, the flow rate as well as the scanning rate were optimized for 

the analysis.  

 

Figure 4.1 High-performance thin-layer chromatograph (HPTLC) of (A) methanolic crude extracts of Cortinarius 

(Dermocybe) spec. (1), C. (D.) austronanceiensis (2), C. (D.) icterina (3), C. (D.) icterinula (4), C. obscuro-olivea 

(5), C. viridulifolius (6) and (B) reference compound skyrin (4.6, I), endocrocin (4.3, II), and hypericin (4.5, III) 

(mobile phase: toluene, ethyl formate, and formic acid (10:5:3; v/v/v) distance from application line to solvent front: 

55 mm). 

To enhance the ionization and desorption efficiency, different mixtures of methanol and water 

(with and without formic acid as additive) were tested as spray solvents. A mixture of methanol 
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and water of 1:1 (v/v) yielded the best results. During optimization, a flow rate of 2 µL/min showed 

good results to obtain adequate signal intensities. On the other hand, higher flow rates led to a 

partial detachment of silica gel particles. Additionally, different velocities of the DESI spray head 

were tested to obtain an efficient number of precursor ions for the MS2 experiments. Lower scan 

rates led to better signal intensities due to the better desorption of the analytes from the surface of 

the HPTLC plates. Therefore, we used a lower velocity for the MS2 experiments in the final 

measurements than in the full scan runs. Each band was recorded by scanning the surface in the y-

direction (Rf 0 to 1.0) with an automated DESI source coupled to an Orbitrap Elite mass 

spectrometer within a total run time of 4.6 min. Before starting the experiment, the spray head was 

positioned on the application line of the HPTLC followed by the manual start of the MS 

measurement. 

4.3.2 Profiling of Anthraquinones in Crude Extracts 

The pigment pattern of the methanolic extracts of dermocyboid Cortinarii Cortinarius 

(Dermocybe) austronanceiensis, C. (D.) icterina, C. (D.) icterinula, C. (D.) obscuro-olivea, C. 

(D.) spec., and C. (D.) viridulifolius (Figure 4.1) was analyzed by high-performance thin-layer 

chromatography (HPTLC) coupled to desorption electrospray ionization (DESI) mass 

spectrometry in the negative ion mode. An unspotted HPTLC band was scanned to assign 

background related peaks (Appendix, Figure C1) and to ensure the absence of the target 

compounds before applying the crude extracts on the HPTLC plate. No anthraquinone-related 

peaks could be detected by scanning the empty band on the HPTLC plate after running with the 

solvent system. This is demonstrated by the extracted ion chromatograms based on the theoretical 

calculated m/z value of the [M-H]− ions using an 25 ppm window (four decimals) (Appendix, 

Figure C2).  

 

Figure 4.2 Structures of investigated anthraquinones 4.1-4.6. 

The established analytical method was applied to identify anthraquinones 4.1–4.6 (Figure 4.2). 

These anthraquinones were chosen for this proof-of-concept study because their occurrence in 

different Cortinarius and Dermoybe species is described in the literature.[15] The assignment of the 



HPTLC-DESI-HRMS based Profiling of Anthraquinones in Complex Mixtures  

 

111 

 

structures is based on their elemental composition determined by high-resolution mass 

spectrometry (HRMS) (Table 4.1 and Appendix, Table C2). 

Table 4.1 Detected anthraquinones (4.1-4.6) using HPTLC-desorption electrospray ionization (DESI)-high-resolution 

mass spectroscopy (HRMS). 

No. 

Elemental 

Composition 

[M-H]− 

Theoretical 

m/z 

[M-H]− 

C. (D.) 

austronanceiensis 

C. (D.) 

icterina 

C. (D.) 

icterinula 

C. (D.) obscuro-

olivea 

C. (D.) 

spec. 

C. (D.) 

viridulifolius 

4.1 C15H9O5
− 269.0455 + + + + + + 

4.2 C16H11O5
− 283.0612 + + n.d. + + + 

4.3 C16H9O7
− 313.0354 + + + + n.d. + 

4.4 C17H11O7
− 327.0510 + + + + + + 

4.5 C30H15O8
− 503.0772 + n.d. n.d. + n.d. + 

4.6 C30H17O10
− 537.0827 + n.d. n.d. + n.d. + 

n.d. = not detected; + = detected. 

The negative ion DESI mass spectra of the methanolic extract of C. (D.) austronanceiensis 

afforded characteristic deprotonated ions of emodin (4.1), [M-H]− at m/z 269.0450 calcd for 

C15H9O5
− 269.0455), physcion (4.2), [M-H]− at m/z 283.0611 calcd for C16H11O5

− 283.0612), 

endocrocin (4.3), [M-H]- at m/z 313.0349 calcd for C16H9O7
− 313.0354), dermolutein (4.4), [M-

H]− at m/z 327.0505 calcd for C17H11O7
− 327.0510), hypericin (4.5, [M-H]− at m/z 503.0763 calcd 

for C30H15O8
− 503.0772) and skyrin (4.6, [M-H]− at m/z 537.0817 calcd for C30H17O10

− 537.0827) 

(Figure 4.3A).  

 

Figure 4.3 (A) Extracted ion chromatograms (EIC, mass window: 25 ppm) of anthraquinones 4.1-4.6 from crude 

extract of Cortinarius (D.) austronanceiensis, (B) Extracted ion chromatogram (EIC) of dermolutein (4.3, m/z 327) 

acquired during DESI-HR-MS measurement of methanolic extract from C. (D.) austronanceiensis. 

For the data evaluation, the target m/z values were extracted from the total ion chromatogram using 

a 25 ppm mass window with a mass accuracy of four decimals to obtain the corresponding 

extracted ion chromatograms (EICs) for each analyte. The EICs for the methanolic extracts of C. 

(D.) icterina, C. (D.) icterinula, C. (D.) obscuro-olivea, C. (D.) spec., and C. (D.) viridulifolius are 

shown in the Appendix Figures C3–C7, and the presences of the different target analytes within 

the extracts are visualized in Table 4.1. Due to the resolving power of the orbitrap detector, a 
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differentiation of isobaric ions was possible as shown in the EIC of dermolutein (4.4, Figure 4.3 

B). The anthraquinone peak m/z 327.0505 is clearly separated from other accompanying ions at 

the same nominal mass using a resolution of 30,000. 

Comparing the pigment patterns of the different fungal extracts (Table 4.1), all targets could be 

detected in the methanolic extracts of Cortinarius (D.) austronanceiensis, C. (D.) obscuro-olivea 

and C. (D.) viridulifolius. The naphthodianthrone hypericin (4.5) and the bisanthraquinone skyrin 

(4.6) were not detectable along the HPTLC bands of C. (D.) icterina, C. (D.) icterinula and 

C. (D.) spec. 

Based on the retention time and the velocity of scanning the HPTLC bands (see equation 1), Rf 

values can be calculated and compared with the Rf values determined directly from the HPTLC 

plate (Table 4.2). The results of the developed HPTLC plates of the extracts and the reference 

compounds (see Appendix, Figure C7–C10) were reproducible and comparable, exemplified based 

on the extracted ion chromatograms of endocrocin (Appendix, Figure C11). Therefore, the 

determination of Rf values based on the retention time of the HPTLC-DESI-HRMS measurements 

of UV/VIS inactive analytes becomes possible. 

Rf = tR (min) × velocity (mm/s) × 60 × 1/distance from application line to solvent front (mm) 

Rf = tR × 0.200 mm/s × 60 × 1/55 mm 
(1) 

Table 4.2 Rf value and calculation from crude extract of C. (D.) austronanciensis (Figure 4.1, band 2). 

Compound Rf (experimental) tR DESI (min) 
Rf  

(calculated) 

Spot Color 

Visible Light 

Spot Color 

UV Light 

(254 nm) 

Spot Color 

UV Light 

(366 nm) 

4.1 0.58 2.57 0.56 yellow dark orange 

4.2 0.54 2.40 0.52 yellow dark orange 

4.3 * 0.5 2.34 0.51 yellow dark orange 

4.4 0.49 2.42 0.53 yellow dark red 

4.5 * 0.5 2.34 0.51 black dark red 

4.6* 0.53 2.45 0.53 yellow-orange dark red brown 

* Confirmed with reference compound. 

4.3.3 Structural Characterization Using MS2 Experiments 

As an example, the fragmentation behavior of the bisanthraquinone skyrin (4.6) was investigated 

by a MS2 measurement compared with the results obtained directly from the extract, data of a 

reference compound measured by HPTLC-DESI-HR-MS and with direct infusion DESI-HR-MS 

(Figure 4.4 A–C, Appendix, Table C3). Skyrin (4.6), in its MS2 spectrum, shows a base peak ion 

at m/z 493.0923 ([M-H-CO2]
−, calcd for C29H17O8

− 493.0929 Figure 4.4 A, Appendix, Table C3). 

Furthermore, a loss of carbon suboxide (C3O2) is observed at m/z 469.0926 (calcd for C27H17O8
− 

469.0929), indicating a 1,3-dihydroxybenzene feature, which is also described for flavones and 
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other polyphenols.[39,40] The obtained data are in good agreement with the reported MS2 data of 

skyrin.[41] 

 

Figure 4.4 HPTLC-DESI-HRMS2 data of skyrin (4.6); (A) from fungal extract of Cortinarius (D.) austronanceiensis 

(NCE: 50%); (B) skyrin standard (NCE 35%); (C) direct infusion ESI-HRMS2 (NCE 30%). 

4.4 Conclusions 

Crude extracts of six Chilean dermocyboid Cortinarii were investigated by HPTLC-negative ion 

DESI-HRMS concerning the occurrence of the anthraquinones physcion (4.1), emodin (4.2), 

endocrocin (4.3), dermolutein (4.4), hypericin (4.5), and skyrin (4.6). The compounds were 

identified by their elemental composition. It should be pointed out that the high-resolution mass 

spectrometry (HRMS) approach also allows a mass spectral distinction of isobaric ions as 

demonstrated for the detection of dermolutein (4.4) whose nominal mass is accompanied by other 

compounds in the crude extract. Furthermore, the implementation of fragmentation experiments 

(MS2) for anthraquinones on HPTLC surfaces is possible, as exemplarily shown for the detection 

of skyrin (4.6) in the extract of C. (D) austronanceiensis, and could be a valuable tool for the 

presence of these compound classes. The corresponding results are in good agreement with the 

data obtained by direct infusion and in comparison, with the LC-MS data reported in literature. 

HPTLC provides good separation efficiencies and can be performed in an automated and 

controlled way with respect to the sample application and the development of the plate. In classical 

approaches, a derivatization of the HPTLC plate is needed; however, combined with DESI-MS, 

this step is not required. Although the separation power of HPTLC is lower than in (U)HPLC, 

several analyses can be performed on plate and within a short analysis time. In case of the 

presented approach, a HPTLC plate (total length 100 mm) with a developing length of 55 mm, and 

a total scanning time of only 4.6 min was sufficient to obtain the presented results. After the 

extraction of the material, no further sample preparation steps are necessary, and the crude extracts 
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can be directly applied to the plate, representing an advantage compared with other analytical 

techniques. 

In summary, the obtained results illustrate the feasibility and capacity of HPTLC-DESI-HRMS to 

provide a rapid first screening method for the analysis of anthraquinones in complex mixtures, 

which may be used in the analysis of anthraquinones in food, plants, fungi, dyes, and cosmetic and 

pharmaceutical products. 
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4.5 Experimental Section 

4.5.1 Reagents and Chemicals 

The authentic reference compounds endocrocin (3), hypericin (5) and skyrin (6) were available 

from the in-house compound library of the Department of Bioorganic Chemistry, Leibniz Institute 

of Plant Biochemistry (IPB), Halle (Saale), Germany. Methanol and toluene were used at 

analytical grade. Ethyl formate was purchased from Merck (Darmstadt, Germany) and formic acid 

from Roth (Karlsruhe, Germany). LC-MS grade methanol was obtained from Merck (Darmstadt, 

Germany), and purified water was prepared by Merck Millipore Milli-Q equipment (Darmstadt, 

Germany). 

4.5.2 Sampling Sites and Extraction  

Fruiting bodies of Cortinarius (D.) austronanceiensis, C. (D.) icterina, C. (D.) icterinula, C. (D.) 

obscuro-olivea, C. (D.) spec., and C. (D.) viridulifolius were collected in Chile (detailed 

information see Table S1). Voucher specimens are deposited in the Fungarium of Concepción 

University (CONC-F). A duplicate is deposited at the Leibniz Institute of Plant Biochemistry.  

Air-dried fruiting bodies (2 g) were homogenized using 15 mL of acetone in a blender followed 

by an ultrasonic extraction for 15 min to remove interfering compounds such as fatty acids from 

the material. After vacuum-supported filtration, the fungal material residue was further extracted 

twice with 15 mL methanol each. The resulting extracts were filtrated and dried under reduced 

pressure using a rotary evaporator. The crude methanolic extracts were redissolved in methanol 

and directly spotted on the HPTLC plate for chromatographic separation. 

4.5.3 HPTLC 

HPTLC was performed on glass HPTLC silica gel 60 F254 plates (10 × 10 cm, layer thickness 150–

200 µm, Merck) using a mixture of toluene, ethyl formate, and formic acid (10:5:3; v/v/v) as a 

mobile phase. After air drying, the developed plates were parted by a glass cutter and subjected to 

the mass spectral analysis. For documentation and Rf-value determination, a CAMAG TLC 

visualizer (CAMAG, Muttenz, Switzerland) was used with the software winCATS (version 

1.4.9.2001, CAMAG, Switzerland). 

4.5.4 DESI-Orbitrap-MS and MS2 

All experiments were performed using a 2D-DESI source (Omnispray System OS-3201, Prosolia, 

Indianapolis, IN, USA) coupled to an Orbitrap Elite mass spectrometer (Thermo Fisher Scientific, 

Bremen, Germany) operated in the negative ion mode. The DESI source settings were as follows: 

spray voltage, 3 kV; solvent flow rate, 2 µL/min; nebulizing gas (nitrogen), pressure, 7 bar; tip-to-

surface distance, 2–2.5 mm; tip-to-inlet distance, 3.5 mm; incident angle (relative to the surface 

plane), 55°. The DESI spray solvent was 50:50 (v/v) methanol/water. MS experiments were 

performed by continuously scanning every HPTLC band in the x-direction at a surface velocity of 

200 µm/s while acquiring mass spectra in full scan mode (m/z 150–1500; resolution 30,000) and 
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150 µm/s in MS2 mode. Collision-induced dissociation was performed using normalized collision 

energies (NCE) of 35 and 50 (arbitrary units) and an isolation width of ± 2 Da. The data were 

evaluated using the software Xcalibur 2.2 SP1 (Thermo Fisher Scientific).  

4.5.5 Supplementary Materials  

The following data are available see Appendix C and online at www.mdpi.com/2304-

8158/9/2/156/s1, The spectroscopic data are available at the public repository RADAR.[42] 
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Chapter 5 - General Discussion and Conclusions 

The demand for new active active principles as a basis for drugs against serious diseases such as 

cancer or neurodegenerative disorders is high. In addition, due to the increasing resistance to 

antibiotics, new sources of effective bioactive compounds are required. Natural products from 

plants, fungi and microorganisms are the most important sources in drug discovery since the start 

of any medicine treatment. They exhibit fantastic chemical diversity and specificity, which has 

been continuously refined during evolution. The work with crude extracts as starting point for 

natural product isolation and identification is challenging due to matrix complexity and the meager 

bioactive compounds quantity within it. Therefore, sensitive and advanced analytical methods 

constitute the foundation of any novel advances in natural product research.  

New analytical approaches allowing for higher performance in secondary metabolite identification 

are of utmost relevance. In this regard, targeted and untargeted metabolomic approaches, in 

combination with data mining workflows, provide high reliability for metabolite annotation and a 

bonus amenable to a certain degree of automation. [1-7] Furthermore, the exploration of new 

biological resources opens the scope towards the discovery of new metabolites and substance 

classes, pushing the frontiers to a better understanding of MS fragmentation patterns and NMR 

profiles. This knowledge is the basis for comprehensive databases,[8] as well as for the 

development and optimization of automated annotation tools, e.g. in-silico fragmentation tools, 

useful for dereplication processes and natural product identification.[9-11] 

The present dissertation shows the versatility of high-resolution mass spectrometry for natural 

product analysis using untargeted (Chapter 2) and targeted (Chapter 3 and 4) metabolic profiling 

approaches. The combination of efficient chromatographic separation techniques with different 

ionization methods (e.g. UHPLC-ESI or HPTLC-DESI) were implemented for the exploration of 

complex plant and fungal extracts with regard to their secondary metabolite profiles. The 

investigated material comprises Balsaminaceae as representatives of higher plants, and the fungal 

genera Sepedonium and Cortinarius belonging to ascomycetes and basidiomycetes, respectively. 

Thus, the material covers organism form different kingdoms and phyla, characterized by 

completely different metabolites and matrices. 

Extension of MS data analysis in synergy with comprehensive 1D- and 2D-NMR experiments has 

led to the identification of a pool of natural compounds, some of which are proposed to have novel 

structures (e.g. fraxetin derivatives or naphthalene-naphthoquinone derivatives, see Chapter 2) and 

others are for the first time described in the scientific literature (e.g. microsporide A and B, see 

Chapter 3). Besides, a successful dereplication process based on HRMS and NMR for the different 

organisms investigated was attained (see Chapters 2, 3, and 4). Herein, the first extensive and 

systematic phytochemical research for chemically non-investigated Impatiens species, Hydrocera 

triflora, and Sepedonium microspermum was described. Additionally, antiinfective activity 
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screenings were conducted for natural crude extracts, as well as for isolated natural products, 

seeking potential sources of new bioactive natural substances (see Chapter 2 and 3). 

 

Figure 5.1. Overview of the developed untargeted metabolite profiling workflow in combination with bioactivity 

screening for the investigation of the methanolic leaf extracts of 31 Impatiens species and Hydrocera triflora 

(Balsaminaceae).  

Key motivations for implementing untargeted analysis strategies are derived from its potential for 

the rapid identification of previously known natural products in complex, crude extracts avoiding 

the unnecessary re-isolation (dereplication), while simultaneously allowing for the detection of 

potentially new compounds.[12] The use of chemometrics to investigate chemosystematic and 

chemophenetic relationships based on untargeted analysis can contribute to species differentiation 

within a genus or taxa, to phylogenetic data correlation and the identification of biomarkers.[13-15] 

In addition, the acquired analytical information can be used in the frame of molecular network 

analyses to link different levels of information such as bioactivity data and phylogenetic 

information to obtain insights in, e.g., biosynthetic pathways. [4,16-18] In spite bioinformatic tools 

can provide an interconnected view of different features within the analysed samples the use of 

e.g., principal component analysis, is limited if the samples under investigation show too large 

differences in their metabolite spectra, as described in Chapter 2.Results shown in this thesis 

indicate that, for the acquired data set in negative ion LC-ESI-HRMS,the PCA analysis might not 

be the most suitable method for evaluation. Nevertheless, the PCA based on the complete feature 

list shows a species differentiation by specific constituents and 11 out of 32 species are separated 

from the others using PC1 and PC2. To apply multivariate data analysis in the future, the data set 

should be limited to features that belong for example to a specific substance class (flavonoids, 

naphthoquinones, and others), to investigate targeted differences between species. This approach 

might improve correlation with additional data such as phylogenetic information or bioactivity 

data. Furthermore, in addition to the negative ion LC-ESI-HRMS data, positive ion mode and 
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NMR data have to be considered for multivariate data analysis in order to enhance the overview 

of the samples set. In addition, feeding the PCA analysis with data from positive ion mode and 

NMR might lead to a better metabolites differentiation, while overcoming limitations regarding 

ionizability.Despite the outstanding benefits of untargeted metabolic profiling approaches, there 

are some challenges and limitations within these methodologies. The complexity and size of the 

metabolome, which include a great structural diversity, cannot be easily deciphered using a single 

analytical technique. On the other hand, the extraction processes constrain the scope of untargeted 

analyses since compounds that are not extracted or appear in very low abundance might be 

neglected during detection and identification. Furthermore, metabolites can undergo 

transformations induced by the used physical and chemical extraction processes resulting in 

extraction artifacts or degradation.  

As extensively described in the literature, the main platforms used for untargeted metabolite 

profiling are based on LC-HRMS and NMR.[12,19] While NMR allows for quantitative analysis, 

HRMS can broaden the secondary metabolite detection due to its higher sensitivity. Nevertheless, 

HRMS faces limitations regarding non-ionizable metabolites and ion suppression effects as 

highlighted in Chapter 2. Although a wide range of different classes of secondary metabolites of 

Balsaminaceae were detected in negative ion mode, there were other compound classes, including 

prevalent naphthoquinones (e.g. 2-methoxy-1,4-naphthoquinone), displaying bad or no ionization 

efficiencies, and then were better  detected by NMR analysis. Beyond detection assistance, the use 

of NMR as complementary technique can also be exploited to validate MS data interpretation, as 

shown for phlorizin and 1,2,4-trihydroxynaphthalene-1-O-β-glycoside in Chapter 2.  

In MS investigations, measuring in positive and negative ion mode can also serves as self-

complementing techniques regarding analyte detection, i.e. depending on analyte ionization 

behavior, it can be detected preferentially either in negative (e.g. flavonoids, hydroxycinnamic 

acids) or positive (e.g. alkaloids, naphthoquinones) ion mode, which permits to widen the scope 

of detection. However, this is just effective when an efficient and resolutive chromatographic 

separation technique is used. In the implementation of the research project described in Chapter 2, 

it was presented that the acquired data in positive ion mode exhibited low quality due to the 

accumulation of interfering components on the UHPLC column, provoking low efficiency during 

the automated recording of the data-dependent MS2 spectra. In this regard, further investigations 

have to be conducted to repeat the recording of the data in the positive ion mode in order to assess 

to which extent this information is complementary with the already processed data. 

Processing and interpretation of big data sets requires the use of different statistical analysis and 

software tools. The processing pipeline presented in Chapter 2 for the evaluation of metabolite 

profiles from Impatiens is based on xcms -an open-source package for LC-MS data processing- 

and other statistical and data handling tools available from the free platform R. Further 

enhancement of this platform might include new correlations and network analyzes in order to 
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combine the available information in a broad context and to understand relationships in the data 

set. This workflow can be used as a basis for future projects that analyze different complex crude 

extracts from various organism, and for analysis reproduction to guarantee traceability within the 

scientific community. 

The comprehensive implementation of the optimized workflow described in Chapter 2 allowed for 

the detection, identification and characterization of known and unknown metabolites from 

different species of the Balsaminaceae family and constitutes the first report of a systematic 

untargeted metabolic profiling approach for the exploration of the chemical diversity for a very 

large set of different species from this family. As previously described in literature, the 

combination of HRMS and NMR for profiling and fingerprinting is a powerful tool.[20,21] In this 

regard, in Chapter 2 the first complementary profiling approach based on UHPLC-ESI-HRMS and 
1H-NMR for the analysis of Impatiens species and Hydrocera triflora is presented. The results 

show a high diversity of metabolites within the different species. However, and likely because of 

the chemical diversity, the clustering in the chemometric analysis did not show any specific 

patterns to associate with phylogenetic data. This suggests that the current taxonomic classification 

of the family Balsaminaceae in two genera might be insufficient, launching the possibility for new 

classification paths.  

The development and application of targeted analytical approaches is of high interest in different 

research fields due to their high specificity and reproducibility. The targeted analyses of a defined 

group or groups of chemically characterized and biochemically annotated metabolites within 

different matrices can be performed in a qualitative and even quantitative or semi-quantitative 

manner (if an internal standard is used). Since the analytes of interest are defined, the target-based 

optimization of sample preparation steps and method parameters reduces the dominance of highly 

abundant molecules and furthermore prevents analytical artifacts.[22,23] In addition, in natural 

product discovery it is possible to carry out a targeted, analytically-based isolation of metabolites 

present in lower abundance in complex mixtures, supported by classical phytochemical isolation 

procedures.[12] Targeted metabolic profiling is also used in applications for quality control 

purposes, e.g. species-specific compounds are used as fingerprints of phytoextracts, and for 

chemosystematic approaches to support species differentiation. 

Due to their specificity, targeted analytical methods have a wide range of uses, but there are some 

challenges and limitations that arise during method development. The high structural diversity and 

different physicochemical properties of the target molecules require an intensive optimization and 

adaptation of the sample processing as well as the well-thought-out choice of a suitable analysis 

method. For example, in the particular case of anthraquinones, unspecific or irreversible 

interactions with stationary phases commonly used in HPLC applications demand the use of 

alternative separation techniques, e.g. thin-layer chromatography. In general, for the development 
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of robust analytical methods, which allow to ensure the accuracy and legitimacy of the produced 

data, the establishment of reproducible protocols is of paramount importance. 

 

Figure 5.2. Overview of the developed targeted metabolite profiling approaches for the investigation of A) 

anthraquinones in Chilean dermocyboid Cortinarii[24] and B) cyclic pentapeptides from Sepedonium microspermum 

Besl.  

Analytical techniques mostly used in targeted metabolic profiling include MS, NMR, FT-IR 

(Fourier-transform infrared spectroscopy), gas and liquid chromatography (GC, HPLC, UHPLC), 

with LC-ESI-MS and NMR showing the broadest range of applications. LC-ESI-MS can detect a 

large number of ionizable analytes. However, this technique is limited due to the restricted 

compatibility with e.g. nonpolar solvents that are necessary to separate more hydrophobic 

compounds. The development of other ambient ionization principles allowed the detection of 

surfaces without direct coupling to the MS system (e.g. DESI, MALDI, LAESI) expanding the 

application of targeted analysis approaches. As highlighted in Chapter 4, the first application of 

HPLTC-DESI-HRMS for the separation, within a comparably short run time of 4 minutes, and 

detection of anthraquinone patterns allowed the comparison of different species of the Cortinarius 

fungi as alternative to LC-MS based approaches. However, higher amounts of the extracts are 

necessary to obtain a sufficient number of ions for the MS detection and further efforts for the 

optimization of the chromatographic conditions have to be made.  

The use of HRMS provides additional information necessary for the determination of the elemental 

composition of the analyte, as well as for the fragment ions. Misleading information can arise from 

a superficial interpretation of intensities in MS spectra, suggesting the identification of majority 

components in the mixture, while in fact quantitative NMR investigations show that intensive ions 

in MS sometimes could be associated with minority secondary metabolites in the crude samples. 

This kind of behavior is frequently associated to peptide substrates, which in general present good 

ionization performance, although they might be present as minor components in a sample (see 

Chapter 3, Figure 3.1) 

Q-TOF, LTQ-Orbitrap, and FTICR analyzers are suitable either to perform global or targeted 

profiling studies, contributing with their high sensitivity, mass resolving power and mass accuracy. 
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From all of them, LTQ-Orbitrap is the only type of analyzer that allows for MSn experiments. This 

characteristic is extremely useful for metabolite identification because it provides a step-wise 

fragmentation pattern in a multilevel scale for a chosen fragment ion.  

Therefore, LTQ-Orbitrap was the system selected for the detailed structural investigation of 

different compound classes handled along the projects developed in the thesis. UHPLC-ESI-

HRMS2 experiments in Chapter 2 allowed the annotation and partial identification of metabolites 

belonging to different compound classes (carboxylic acids, hydroxycinnamic acid derivatives, 

flavonoid glycosides, coumarins, naphthoquinones, naphthalenes, and glycolipids) as well as the 

proposal of core structures of new naphthalene derivatives. However, some peaks remain unknown 

and need to be investigated further. UHPLC-ESI-HRMS3 experiments were used to confirm the 

structure of the dihydrochalcone derivatives isolated from Impatiens racemosa DC. In a similar 

way, UHPLC-ESI-HRMSn (MS2-MS4) investigations were applied in Chapter 3 for the 

determination of the primary sequence of two new cyclic pentapeptides (see example in Figure 

5.3.) isolated from Sepedonium micospermum as well as for structure verification of the known 

chrysosporide. In Chapter 4 HPTLC-DESI-HRMS was used to identify anthraquinones by their 

elemental composition and to demonstrate the implementation of fragmentation experiments 

(HRMS2) for anthraquinones on HPTLC surfaces. 

In conclusion, valuable contributions to the method development and application of high-

resolution mass spectrometry-based analysis for the characterization of natural products from plant 

and fungal crude extracts were achieved. The use of sensitive analytical methods allows resource-

saving work and enable a precise assessment of existing substance classes in the investigated 

matrices and their potential as new active ingredients in combination with bioactivity studies. This 

was further supported by other modern analytical techniques like NMR and CD spectroscopy as 

well as organic-chemical total synthesis in combination with classical natural product isolation. 

Thus, several areas and aspects of modern natural product research are covered in this thesis. The 

results additionally suggest that Impatiens species are a promising source of novel bioactive 

natural products, although further investigation should be performed in order to decipher all the 

structure novelty of secondary metabolites still not assessed in this family. Furthermore, it was 

shown, that Desorption Electrospray Ionization coupled to planar chromatography in combination 

with high-resolution mass spectrometry is a powerful tool for the comparison of different complex 

matrices and can be used in the future for chemophenetic studies of different species. The 

achievements obtained in this thesis are expected to build the base for future studies using mass 

spectrometry as a key technique in natural product discovery. 

 

  



General discussion and conclusions 

 

125 

 

5.1 References 

[1] Wolfender, J.L.; Marti, G.; Queiroz, E.F. Advances in techniques for profiling crude extracts and for the rapid 

identification of natural products: dereplication, quality control and metabolomics. Curr. Org. Chem. 2010, 

14, 1808-1832. 

[2] Kleigrewe, K.; Almaliti, J.; Tian, I.Y.; Kinnel, R.B.; Korobeynikov, A.; Monroe, E.A.; Duggan, B.M.; Di 

Marzo, V.; Sherman, D.H.; Dorrestein, P.C., et al. Combining mass spectrometric metabolic profiling with 

genomic analysis: a powerful approach for discovering natural products from cyanobacteria. J. Nat. Prod. 

2015, 78, 1671-1682. 

[3] Wolfender, J.L.; Marti, G.; Thomas, A.; Bertrand, S. Current approaches and challenges for the metabolite 

profiling of complex natural extracts. J. Chromatogr. A 2015, 1382, 136-164. 

[4] Olivon, F.; Allard, P.-M.; Koval, A.; Righi, D.; Genta-Jouve, G.; Neyts, J.; Apel, C.; Pannecouque, C.; 

Nothias, L.-F.; Cachet, X., et al. Bioactive natural products prioritization using massive multi-informational 

molecular metworks. ACS Chem. Biol. 2017, 12, 2644-2651. 

[5] Allard, P.-M.; Bisson, J.; Azzollini, A.; Pauli, G.F.; Cordell, G.A.; Wolfender, J.-L. Pharmacognosy in the 

digital era: shifting to contextualized metabolomics. Curr. Opin. Biotechnol. 2018, 54, 57-64. 

[6] Wolfender, J.L.; Nuzillard, J.M.; van der Hooft, J.J.J.; Renault, J.H.; Bertrand, S. Accelerating metabolite 

identification in natural product research: toward an ideal combination of liquid chromatography-high-

resolution tandem mass spectrometry and NMR profiling, in silico databases, and chemometrics. Anal. Chem. 

2019, 91, 704-742. 

[7] Lautié, E.; Russo, O.; Ducrot, P.; Boutin, J.A. Unraveling plant natural chemical diversity for drug discovery 

purposes. 2020, 11, 1-37 

[8] Sorokina, M.; Steinbeck, C. Review on natural products databases: where to find data in 2020. J. 

Cheminformatics 2020, 12, 1-51. 

[9] Schüler, J.-A.; Neumann, S.; Müller-Hannemann, M.; Brandt, W. ChemFrag: Chemically meaningful 

annotation of fragment ion mass spectra. J. Mass Spectrom. 2018, 53, 1104-1115. 

[10] Kind, T.; Tsugawa, H.; Cajka, T.; Ma, Y.; Lai, Z.; Mehta, S.S.; Wohlgemuth, G.; Barupal, D.K.; Showalter, 

M.R.; Arita, M., et al. Identification of small molecules using accurate mass MS/MS search. Mass Spectrom. 

Rev. 2018, 37, 513-532. 

[11] Dührkop, K.; Nothias, L.-F.; Fleischauer, M.; Reher, R.; Ludwig, M.; Hoffmann, M.A.; Petras, D.; Gerwick, 

W.H.; Rousu, J.; Dorrestein, P.C., et al. Systematic classification of unknown metabolites using high-

resolution fragmentation mass spectra. Nat. Biotechnol. 2020, 39, 462-471. 

[12] Wolfender, J.L.; Litaudon, M.; Touboul, D.; Queiroz, E.F. Innovative omics-based approaches for 

prioritisation and targeted isolation of natural products - new strategies for drug discovery. Nat. Prod. Rep. 

2019, 36, 855-868. 

[13] Wolfender, J.-L.; Glauser, G.; Boccard, J.; Rudaz, S. MS-based Plant Metabolomic Approaches for 

Biomarker Discovery. Nat. Prod. Commun. 2009, 4, 1417-1430. 

[14] Rosato, A.; Tenori, L.; Cascante, M.; De Atauri Carulla, P.R.; Martins Dos Santos, V.A.P.; Saccenti, E. From 

correlation to causation: analysis of metabolomics data using systems biology approaches. Metabolomics 

2018, 14, 1-20. 

[15] Zidorn, C. Plant chemophenetics − A new term for plant chemosystematics/plant chemotaxonomy in the 

macro-molecular era. Phytochemistry 2019, 163, 147-148. 

[16] Boccard, J.; Rudaz, S. Harnessing the complexity of metabolomic data with chemometrics. J. Chemom. 2014, 

28, 1-9. 

[17] Fox Ramos, A.E.; Evanno, L.; Poupon, E.; Champy, P.; Beniddir, M.A. Natural products targeting strategies 

involving molecular networking: different manners, one goal. Nat. Prod. Rep. 2019, 36, 960-980. 

[18] Nair, S.K.; Jez, J.M. Natural product biosynthesis: What's next? An introduction to the JBC Reviews 

Thematic Series. J. Biol. Chem. 2020, 295, 335-336. 

[19] Zhang, A.; Sun, H.; Wang, P.; Han, Y.; Wang, X. Modern analytical techniques in metabolomics analysis. 

Analyst 2012, 137, 293-300. 

[20] Porzel, A.; Farag, M.A.; Mülbradt, J.; Wessjohann, L.A. Metabolite profiling and fingerprinting of 

Hypericum species: a comparison of MS and NMR metabolomics. Metabolomics 2014, 10, 574-588. 

[21] Marshall, D.D.; Powers, R. Beyond the paradigm: Combining mass spectrometry and nuclear magnetic 

resonance for metabolomics. Prog. Nucl. Magn. Reson. Spectrosc. 2017, 100, 1-16. 



Chapter 5 

 

126 

 

[22] Griffiths, W.J.; Koal, T.; Wang, Y.; Kohl, M.; Enot, D.P.; Deigner, H.-P. Targeted Metabolomics for 

Biomarker Discovery. Angew. Chem. Int. Ed. 2010, 49, 5426-5445. 

[23] Roberts, L.D.; Souza, A.L.; Gerszten, R.E.; Clish, C.B. Targeted Metabolomics. Curr. Protoc. Mol. Biol. 

2012, 98, 30.2.1-30.2.24. 

[24] Laub, A.; Sendatzki, A.-K.; Palfner, G.; Wessjohann, L.A.; Schmidt, J.; Arnold, N. HPTLC-DESI-HRMS-

Based Profiling of Anthraquinones in Complex Mixtures—A Proof-of-Concept Study Using Crude Extracts 

of Chilean Mushrooms. Foods 2020, 9, 156. 

 



Appendix 

 

i 

 

Appendix 

A. Appendix Chapter 2 

Table A.1. Overview of reference materials used for TLC analysis (Figure A1). 

No. 
Rf 

value 
Compound Compound class 

Color reaction with 

vanillin-sulfuric acid 

Molecular 

weight [g/moL] 
Company 

1 0.76 7-hydroxycoumarin coumarin n.d. 162.14 Alfa Aesar (98%) 

2 0.40 
6, 7-

dihydroxycoumarin 
coumarin n.d. 178.14 Aldrich (98%) 

3 0.09 catechin flavan-3-ol red 290.26 Sigma 

4 0.00 naringin flavanone red 580.541 Sigma (>90%) 

5 0.66 naringenin flavanone pink 272.257 Aldrich  

6 0.74 kaempferide flavonoid yellow 300.26 Extrasynthese(>99%) 

7 0.45 kaempferol flavonoid yellow 286.23 Sigma (>97%) 

8 0.25 quercetin flavonoid yellow 302.236 Sigma (>95%) 

9 0.00 rutin flavonoid yellow 610.52 Sigma 

10 - I. flanaganae methanolic leaf extract - -  

11 - I. ethiopica methanolic leaf extract - -  

12 - I. racemosa methanolic leaf extract - -  

13 1.00 
2-methoxy-1,4-

naphthoquinone 
naphthoquinone n.d. 188.18 Aldrich (98%) 

14 0.20 
2-hydroxy-1,4-

naphthoquinone 
naphthoquinone yellow 174.15  

15 0.22 phloroglucinol phenol orange-red 126.11 Fluka (>95%) 

16 0.36 ferulic acid phenolic acid light blue 194.18 Sigma Aldrich (99%) 

17 0.12 caffeic acid phenolic acid light blue 180.16 Sigma 

18 0.00 chlorogenic acid phenolic acid n.d. 354.31 Aldrich (>95%) 

19 0.03 phlorizin dihydrochalcone orange-red 436.4 TCI (>97%) 

20 0.86 stigmasterin sterol dark blue-purple 412.69 Merck [>95%) 

21 1.00 xanthone xanthone n.d. 196.19 Aldrich (97%) 

22 - 

Pooled quality 
control sample 

containing leaf 
material of all 

species 

(LAA095_QC) 

methanolic leaf extract - - - 
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Table A.2. Overview of ions used for determination of the linear dynamic range in negative ion mode LC-ESI-HRMS 

based on the measurement of one replicate of a quality control sample containing leaf material of all species 

(LAA093_LDR_QC_L_n_3b). 

[M-H]- retention time [min] intensity 

749.3265 6.7 1,89*e3 

447.1283 7 6.9*e3 

303.0499 4.82 3.77*e3 

475.1235 6.92 2.31*e4 

510.0881 5.37 7.73*e4 

529.3004 8.03 4.64*e4 

301.0347 6.05 4.03*e5 

593.1501 5.29 9.77*e5 

721.3633 9 9.43*e5 

435.1291 5.68 2.97*e6 

981.5786 12.9 3.8*e6 

1057.5208 7.16 1.85*e6 
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Table A.3. Metabolites annotated in the methanolic crude leaf extract of Impatiens racemosa DC. by UHPLC-ESI-

HRMS2 in negative ion mode (CID, NCE 35%) 

No. tR 

(min) 

Compound [M-H]- 

measured 

Error 

(ppm) 

Elemental 

Composition 
UV 

(nm) 

MS2 product ions m/z (rel. 

intensity [%]) Fraction 

R1 4.61 
Coumaric acid 

glycoside 
325.0919 -3.1 C15H17O8

- 216, 286 
163.0398 (C9H7O3

-, 100), 

119.0501(C8H7O
-, 8) 

1 

R2 4.63 Scopolin⊥ 399.0916 -2.7 C17H19O11
- 

205, 221, 

290, 338 

353.0871 (C16H17O9
-, 3), 

191.0347 (C10H7O4
-, 100), 

176.0113 (C9H4O4
-, 8) 

2 

R3 4.88 Coniferin⊥ 429.1022 -3.8 C18H21O12
- 215, 294 

383.0970 (C17H19O10
-, 5), 

221.0450 (C11H9O5
-, 100), 

206.0215 (C10H6O5
-, 6) 

2 

R4 4.97 
Coumarin-O-

glycoside⊥ 
447.1494 -3.0 C19H27O12

- 215 401.1440 (C18H25O10
-, 5) 2 

R5 4.99 
Kaempferol-O-di-

hexoside 
609.1443 -3.0 C27H29O16

- - 

447.0923 (C21H19O11
-, 47), 

285.0400 (C15H9O6
-, 100), 

284.0320 (C15H8O6
-, 4) 

2 

R6 5.07 unidentified 351.1288 -2.4 C14H23O10
- 218, 325 

291.1079 (C12H19O8
-, 4), 

249.0611 (C9H13O8
-, 100), 

231.0505 (C9H11O7
-, 12), 

113.0243 (C5H5O3
-, 11) 

1 

R7 5.09 
Caffeoylmalic 

acid 
295.0452 -2.6 C13H11O8

- - 

179.0348 (C9H7O4
-, 100), 

135.0452 (C8H7O2
-, 6), 

133.0142 (C4H5O5
-, 81), 

115.0037 (C4H3O4
-, 3) 

1 

R8 5.21 unidentified 505.1702 -2.7 C25H29O11
- 219, 273 

487.1605 (C25H27O10
-, 52), 

475.1605 (C24H27O10
-, 31), 

343.1183 (C19H19O6
-, 24), 

325.1078 (C19H17O5
-, 100), 

313.1079 (C18H17O5
-, 9), 

295.0973 (C18H15O4
-, 2) 

2 

R9 5.29 
Phloretin-O-tri-

glycoside⊥ 
805.2391 -2.1 C34H45O22

- - 
759.2335 (C33H43O20

-, 100), 
597.1823 (C27H33O15

-, 53) 
2 

R10 5.33 unidentified⊥ 461.1656 -1.3 C20H19O12
- - 415.1607 (C19H27O10

-, 100) 2 

R11 5.42 
Coumaroyl-malic 

acid 
279.0504 -2.2 C13H11O7

- 221, 314 163.0399 (C9H7O3
-, 100) 1 

R12 5.49 
Quercetin-O-
hexoside 

463.0873 -1.8 C21H19O12
- 

203, 256, 
354 

301.0351 (C15H9O7
-, 100), 

300.0277 (C15H8O7
-, 45), 

151.0039 (C7H3O4
-, 1) 

3 

R13 5.51 
Coumaroyl-malic 

acid 
279.0503 -2.5 C13H11O7

- 218, 310 

163.0402 (C9H7O3
-, 100), 

133.0144 (C4H5O5
-, 61), 

119.0504 (C8H7O
-, 6), 

115.0038 (C4H3O4
-, 2) 

1 

R14 5.54 
Quercetin-O-

hexoside 
463.0874 -1.7 C21H19O12

- 
203, 256, 

354 

301.0353 (C15H9O7
-, 100), 

300.0279 (C15H8O7
-, 34), 

151.0039 (C4H3O4
-, 1) 

3 

R15 5.62 Feruloyl malate 309.0606 -3.1 C14H13O8
- 219, 327 193.0502 (C10H9O4

-, 100) 1 

R16 5.66 
Phloretin-O-di-

glycoside 
597.1824 -0.1 C27H33O15

- 221, 285 

449.1299 (C18H25O13
-, 100), 

329.0877 (C14H17O9
-, 32), 

273.0768 (C15H13O5
-, 95), 

3 

R17 5.68 Feruloyl malate 309.0606 -2.9 C14H13O8
- 219, 322 

193.0502 (C10H9O4
-, 100), 

133.0142 (C4H5O5
-, 12), 

115.0036 (C4H3O4
-, 2) 

1 

R18 5.69 
Kaempferol-O-

glycoside 
447.0927 -1.3 C21H19O11

- - 
327.0507 (C17H11O7

-, 14), 
285.0401 (C15H9O6

-, 54), 

284.0327 (C15H8O6
-, 100) 

4 

R19 
5.77 

 

Kaempferol-O-

glycoside 
447.0935 -0.7 C21H19O11

- - 
327.0507 (C17H11O7

-, 18), 
285.0401 (C15H9O6

-, 72), 

284.0327 (C15H8O6
-, 100) 

4 

R20 5.94 
Kaempferol-O-
acetyl-hexoside 

489.1030 -1.7 C23H21O12
- - 285.0400 (C15H9O6

-, 100) extract 

R21 6.07 Phlorizin* 435.1295 -0.3 C21H23O10
- 

195, 224, 

287 

273.0766 (C15H13O5
-, 100), 

167.0350 (C8H7O4
-, 2) 

5 

R22 6.20 

Pinocembrin 

dihydrochalcone-

C-hexoside-O-
hexoside 

581.1871 -0.9 C27H33O14
-  

449.1300 (C18H25O13
-, 100), 

329.0877 (C14H17O9
-, 34), 

257.0820 (C15H13O4
-, 95) 

3 
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Figure A.1. Thin-layer chromatograms of reference compounds (listed in Table A1) (concentration reference: 10 mM, 

extracts: 10 mg/mL, mobile phase: chloroform: methanol (9:1, v/v)), visualized under day light (A), derivatized using 

vanillin-sulfuric acid reagent (B), and under UV-light (254 nm (B), 366 nm (C)). 

 

Figure A.2. Total ion chromatogram (TIC) in negative ion mode of crude methanolic leaf extract of I. grandis and 

the (-)-ESI-HRMS2 and UV spectrum of its constituent mangiferin ([M-H]- m/z 421). 

Table A.3. (continue) 

R23 6.43 
Caffeoyl 

dihydrochalcone 
289.0715 -0.8 C15H13O6

- - 

271.0613 (C15H11O5
-, 45), 

245.0820 (C14H13O4
-, 15), 

167.0351 (C8H7O4
-, 100), 

125.0247 (C6H5O3
-, 34) 

extract 

R24 6.57 

Pinocembrin-C-

hexosyl-O-

pentoside 

549.1605 -1.5 C26H29O13
- - 

429.1191 (C22H21O9
-, 21), 

387.1086 (C20H19O8
-, 10), 

357.0980 (C19H17O7
-, 4), 

297.0768 (C17H13O5
-, 11), 

279.0664 (C17H11O4
-, 4), 

255.0663 (C15H11O4
-, 100) 

extract 

R25 6.83 

Pinocembrin-

dihydrochalcone-

O-glycoside 

419.1345 -0.6 C21H23O9
- 

192, 207, 
287 

257.0820 (C15H13O4
-, 100) 6 

R26 6.89 Phloretin* 273.0770 0.4 C15H13O5
- 

192, 223, 

286 

179.0352 (C9H7O4
-, 1), 

167.0351 (C8H7O4
-, 100), 

125.0247 (C6H5O3
-, 4), 

123.0454 (C7H7O2
-, 3) 

7 

⊥ Formic acid adduct,  confirmed with reference compound 
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Figure A.3. Evaluation of linear dynamic range showing the concentration (mg dried plant powder/1 mL solvent, x-

axis) and the corresponding peak area of the peaks listed in Table A.2 (y-axis, integration performed with 

Quanbrowser implemented in Thermo Xcalibur 2.2 SP1.48, Thermo Fisher Scientific).  

 

Figure A.4. Comparison of total ion chromatograms (TIC) of A) methanol blank before measurements; B) reference 

mix MM8 (concentration kinetin: 10 µM); C) Leaf QC sample extracted with methanol; D) Leaf QC sample extracted 

with methanol containing 10 µM kinetin, E) Leaf QC sample extracted with methanol containing 20 µM kinetin, F) 

TIC methanol blank after measurements. 
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Figure A.5. HCA colored by metadata based on the phylogenetic background, section and ancestral origin of the 

different Impatiens species (data used see Table 2.1). 

 

Figure A.6. PCA scores plot (components 1 and 2) including quality control samples. 

 

Figure A.7. A) PCA scores plot (components 5 and 6). Classes are defined according to the species and B) PCA 

loadings plot (components 5 and 6). Shown features correspond to measured mass-over-charge ratios (m/z) and 

retention times in seconds and are numbered according to Table 2.2. 
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Figure A.8. A) PCA scores plot components 7 and 8, B) PCA loadings plot components 7 and 8, C) PCA scores plot 

components 9 and 10, D) PCA loadings plot components 9 and 10. Classes are defined according to the species and. 

Shown features correspond to measured mass-over-charge ratios (m/z) and retention times in seconds and are 

numbered according to Table 2.2. 
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Figure A.9. PCA colored by metadata based on the phylogenetic background (clade) of the different Impatiens 

species (Table 2.1). 
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Figure A.10. PCA colored by metadata based on the sections of the different Impatiens species (Table 2.1). 
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Figure A.11. PCA colored by metadata based on the ancestral origin of the different Impatiens species (Table 2.1). 
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Figure A.12. PCA colored by metadata based on the biological activities of the methanolic leaf extracts against A. 

fischeri. 
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Figure A.13. PCA colored by metadata based on the biological activities of the methanolic leaf extracts against B. 

subtilis. 
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Figure A.14. Comparison of 1H-NMR spectra of the methanolic crude leaf extracts of H. triflora, I. flanaganae, I. 

racemosa, I. sodenii and the reference compound kaempferol (common signals are highlighted in orange, 600 MHz, 

CD3OD-d4, 25°C).). 

 

Figure A.15. 1H-NMR spectrum of the methanolic crude leaf extracts of Impatiens puberula (600 MHz, CD3OD-d4, 

25°C). 
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Figure A.16. 1H, 13C HSQC spectrum of the methanolic crude leaf extracts of Impatiens puberula (600 MHz, CD3OD-

d4, 25°C). 

 

Figure A.17. 1H, 13C HMBC spectrum of the methanolic crude leaf extracts of Impatiens puberula (600 MHz, 

CD3OD-d4, 25°C).  
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Figure A.18. Comparison of 1H-NMR spectra of the methanolic crude leaf extracts of I. ethiopica, I. flanaganae, I. 

glandulifera, I. tinctoria and the reference compound 2-methoxy-1,4-naphthoquinone (2-MNQ, common signals are 

highlighted in orange, 600 MHz, CD3OD-d4, 25°C).  

 

Figure A.19. 1H, 13C HSQC spectrum of the methanolic crude leaf extracts of Impatiens ethiopica (600 MHz, 

CD3OD-d4, 25°C).  
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Figure A.20. 1H, 13C HMBC spectrum of the methanolic crude leaf extracts of Impatiens ethiopica (600 MHz, 

CD3OD-d4, 25°C).  

 

Figure A.21. 1H, 13C HSQC spectrum of the methanolic crude leaf extracts of Impatiens flanaganae (600 MHz, 

CD3OD-d4, 25°C).  
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Figure A.22. 1H, 13C HMBC spectrum of the methanolic crude leaf extracts of Impatiens flanaganae (600 MHz, 

CD3OD-d4, 25°C).  

 

Figure A.23. 1H, 13C HSQC spectrum of the methanolic crude leaf extracts of Impatiens glandulifera (600 MHz, 

CD3OD-d4, 25°C).  
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Figure A.24. 1H, 13C HMBC spectrum of the methanolic crude leaf extracts of Impatiens glandulifera (600 MHz, 

CD3OD-d4, 25°C).  

 

Figure A.25. 1H, 13C HSQC spectrum of the methanolic crude leaf extracts of Impatiens textori (600 MHz, CD3OD-

d4, 25°C).  
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Figure A.26. 1H, 13C HMBC spectrum of the methanolic crude leaf extracts of Impatiens textori (600 MHz, CD3OD-

d4, 25°C).  

 

Figure A.27. 1H-NMR spectrum of the methanolic crude leaf extracts of Impatiens sodenii including the assignment 

of 1,2,4-trihydroxynaphthalene-1-O-β-D-glucoside (600 MHz, CD3OD-d4, 25°C).  
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Figure A.28. 1H, 13C HSQC spectrum of the methanolic crude leaf extracts of Impatiens sodenii including picked 

peaks corresponding to 1,2,4-trihydroxynaphthalene-1-O-β-D-glucoside (600 MHz, CD3OD- d4, 25°C).  

 

Figure A.29. 1H, 13C HMBC spectrum of the methanolic crude leaf extracts of Impatiens sodenii (600 MHz, CD3OD-

d4, 25°C).  
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Figure A.30. Anthelmintic activity of methanolic leaf extracts (500 µg/mL) against Caenorhabditis elegans. In all 

the assays, the solvent DMSO (2%) and the standard anthelmintic drug ivermectin (10 μg/mL) were used as negative 

and positive controls, respectively. All the assays were carried out in triplicate. 

 

Figure A.31. Anticancer activity of methanolic crude leaf extracts of Impatiens species and Hydrocera triflora 

against HT-29 cancer cell line using A) CV assay and B) MTT assay. 
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Figure A.32. Anticancer activity of methanolic crude leaf extracts of Impatiens species and Hydrocera triflora against 

against PC3 cancer cell line using A) CV assay and B) MTT assay. 

 

Figure A.33. Antibacterial activity of methanolic crude leaf extracts I. ethiopica, I. flanaganae, and I. glandulifera 

against gram-negative A. fischeri. 
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Figure A.34. Antifungal activity of methanolic leaf extract of Impatiens racemosa DC against A: Botrytis cinerea, B: 

the oomycete P. infestans and the C: S. tritici. Positive controls were the known fungicides Oxocrotonat C 16 (A, B) 

and Terbinafine (C).  

 

Figure A.35. Preparative LC-MS chromatogram of fractioned methanolic extract of I. racemosa. (A: TIC negative 

ion mode, B: TIC positive ion mode, C: MWD, λ = 254 nm) 

 

Figure A.36. Comparison of the total ion chromatograms (left) and PDA spectra (right) of the crude methanolic extract 

of Impatiens racemosa and the obtained fractions after preparative HPLC-MS separation by UHPLC-PDA-ESI-

HRMS in negative ion mode. 
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Figure A.37. 1H-NMR spectrum of fraction 1 (tR (preparative HPLC-MS): 2.1-3.0 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  

 

Figure A.38. 1H, 13C HSQC spectrum of fraction 1 (tR (preparative HPLC-MS): 2.1-3.0 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  
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Figure A.39. 1H, 13C HSQC spectrum of fraction 1 (tR (preparative HPLC-MS): 2.1-3.0 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  

 

Figure A.40. 1H-NMR spectrum of fraction 2 (tR (preparative HPLC-MS): 6.0-7.6 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  
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Figure A.41. Comparison of 1H-NMR spectra of fraction 3 (tR (preparative HPLC-MS): 8.2-8.9 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa and the reference compound 

phloretin (common signals are highlighted in orange, 600 MHz, CD3OD-d4, 25°C).  

 

Figure A.42. 1H, 13C HSQC spectrum of fraction 3 (tR (preparative HPLC-MS): 8.2-8.9 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  
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Figure A.43. 1H, 13C HMBC spectrum of fraction 3 (tR (preparative HPLC-MS): 8.2-8.9 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  

 

Figure A.44. 1H, 1H COSY spectrum of fraction 3 (tR (preparative HPLC-MS): 8.2-8.9 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  
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Figure A.45. 1H-NMR spectrum of fraction 4 (tR (preparative HPLC-MS): 9.0-9.7 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa including the assignment of 

astragalin (2.3, 600 MHz, CD3OD-d4, 25°C).  

 

Figure A.46. 1H, 13C HSQC spectrum of fraction 4 (2.3, tR (preparative HPLC-MS): 9.0-9.7 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  
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Figure A.47. 1H, 13C HMBC spectrum of fraction 4 (2.3, tR (preparative HPLC-MS): 9.0-9.7 min) obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa (600 MHz, CD3OD-d4, 

25°C).  

 

 

Figure A.48. Full negative ion ESI-HRMS spectrum of phlorizin (fraction 5, tR (preparative HPLC-MS): 10.0-11.1 

min) obtained after chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa. 
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Figure A.49. Negative ion ESI-HRMS3 spectrum of m/z 273 (aglycone of phlorizin, fraction 5 obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa, tR (preparative HPLC-MS): 

10.0-11.1 min). 

 

Figure A.50. Negative ion ESI-HRMS3 spectrum of m/z 167 (fragment ion of phlorizin, fraction 5 obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa, tR (preparative HPLC-MS): 

10.0-11.1 min). 

laa087_5_nms3 #1423 RT: 6.17 AV: 1 NL: 2.14E6
F: FTMS - c ESI Full ms3 435.00@cid35.00 273.00@cid35.00 [75.00-300.00]
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Figure A.51. 1H-NMR spectrum of phlorizin (fraction 5 obtained after chromatographic separation of the methanolic 

crude leaf extracts of Impatiens racemosa, tR (preparative HPLC-MS): 10.0-11.1 min, 600 MHz, CD3OD-d4, 25 °C). 

 

Figure A.52. 1H,1H-TOCSY spectrum of phlorizin (fraction 5 obtained after chromatographic separation of the 

methanolic crude leaf extracts of Impatiens racemosa, tR (preparative HPLC-MS): 10.0-11.1 min, 600 MHz, CD3OD-

d4, 25 °C). 
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Figure A.53. 1H,1H COSY spectrum of phlorizin (fraction 5 obtained after chromatographic separation of the 

methanolic crude leaf extracts of Impatiens racemosa, tR (preparative HPLC-MS): 10.0-11.1 min, 600 MHz, CD3OD-

d4, 25 °C). 

 

Figure A.54. 1H, 13C HSQC spectrum of phlorizin (fraction 5 obtained after chromatographic separation of the 

methanolic crude leaf extracts of Impatiens racemosa, (tR (preparative HPLC-MS): 10.0-11.1 min, 600 MHz, CD3OD-

d4, 25 °C). 
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Figure A.55. Full negative ion ESI-HRMS spectrum of pinocembrin dihydrochalcone glycoside (fraction 6, tR 

(preparative HPLC-MS): 12.7-13.4 min) obtained after chromatographic separation of the methanolic crude leaf 

extracts of Impatiens racemosa. 

 

Figure A.56. Negative ion ESI-HRMS3 spectrum of m/z 257 (aglycone of pinocembrin dihydrochalcone glycoside, 

fraction 6 obtained after chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa, tR 

(preparative HPLC-MS): 12.7-13.4 min). 
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Figure A.57. 1H-NMR spectrum of pinocembrin dihydrochalcone glycoside (fraction 6 obtained after 

chromatographic separation of the methanolic crude leaf extracts of Impatiens racemosa, tR (preparative HPLC-MS): 

12.7-13.4 min, 600 MHz, CD3OD-d4, 25°C). 

 

 

 

Figure A.58. Full negative ion ESI-HRMS spectrum of phloretin (fraction 7) obtained after chromatographic 

separation of the methanolic crude leaf extracts of Impatiens racemosa. 
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Figure A.59. Negative ion ESI-HRMS3 spectrum of m/z 167 (fragment ion of phloretin, fraction 7, tR (preparative 

HPLC-MS): 14.0-14.9 min). 

 

 

 

Figure A.60. 1H-NMR spectrum of fraction 7 obtained after chromatographic separation of the methanolic crude leaf 

extracts of Impatiens racemosa (tR (preparative HPLC-MS): 14.0-14.9 min, 600 MHz, CD3OD-d4, 25°C). 
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Figure A.61. Antibacterial activity assay by agar disc-diffusion method against gram-positive and gram-negative 

strains (A) Staphylococcus aureus ATCC 43300, B) Staphylococcus aureus ATCC 6538P, C) Klebsiella 

pneumoniae UC361, D) Escherichia coli ATCC 25922) for the methanolic leaf extracts of I. balsamina (18), I. 

ethiopica (19), I. flanaganae (20), I. glandulifera (21), I. niamniamensis (22), I. noli-tangere (23), I. sodenii (24), I. 

species (No. 36248) (25), I. textori (26), I. tinctoria (27). The discs were loaded with 30 µg of each extract. The 

active extracts are indicated with a red arrow.  

 

Figure A.62. Antibacterial activity assay by agar disc-diffusion method against gram-positive and gram-negative 

strains (A) Staphylococcus aureus ATCC 43300, B) Staphylococcus aureus ATCC 6538P, C) Klebsiella pneumoniae 

UC361, D) Escherichia coli ATCC 25922) for the methanolic leaf extracts of I. balsamina (18), I. ethiopica (19), I. 

flanaganae (20), I. glandulifera (21), I. niamniamensis (22), I. noli-tangere (23), I. sodenii (24), I. species (No. 36248) 

(25), I. textori (26), I. tinctoria (27). The discs were loaded with 60 µg of each extract. The active extracts are indicated 

with a red arrow.  
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Figure A.63. SCPC chromatogram of crude methanolic leaf extracts of Impatiens ethiopica.  

 

Figure A.64. SCPC chromatogram of crude methanolic leaf extracts of Impatiens flanaganae.  

 

Figure A.65. Comparison of the total ion chromatograms of the crude methanolic extract of Impatiens ethiopica and 

the obtained fractions (AI-AVII) after SCPC separation recorded via UHPLC-PDA-ESI-HRMS in negative ion mode. 
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Figure A.66. Comparison of the total ion chromatograms of the crude methanolic extract of Impatiens flanaganae 

and the obtained fractions (BI-BVII) after SCPC separation recorded via UHPLC-PDA-ESI-HRMS in negative ion 

mode. 

 

Figure A.67. Antibacterial activity of SCPC fractions obtained from Impatiens ethiopica. Negative values (=growth) 

are promoted by nutritional compounds in crude extracts. 

 

 

Figure A.68. Antibacterial activity of SCPC fractions obtained from Impatiens flanaganae. Negative values 

(=growth) are promoted by nutritional compounds in crude extracts. 
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Figure A.69. 1H, 13C HSQC spectrum of 2-methoxy-1,4-napthoquinone (fraction BV obtained after SCPC separation 

of the methanolic crude leaf extracts of Impatiens flanaganae (600 MHz, CD3OD-d4, 25 °C). 

 

Figure A.70. 1H, 13C HMBC spectrum of 2-methoxy-1,4-napthoquinone (fraction BV obtained after SCPC separation 

of the methanolic crude leaf extracts of Impatiens flanaganae (600 MHz, CD3OD-d4, 25 °C). 
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Figure A.71. Positive ion ESI-HRMS spectrum of 2-methoxy-1,4-naphthoquinone (m/z 189). 
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B. Appendix Chapter 3 

Table B.1. (+)-ESI-HRMSn data of natural cyclic pentapeptides (3.1-3.3) detected within the enriched extract of S. 

microspermum. 

cpd tR 

[min] 

scan mode [m/z (NCE in %)] m/z (relative intensity in %, error in ppm) 

3.1a 14.73 (+) full MS a 496.3491 ([M+H]+, C25H46O5N5
+

, -0.6) 

3.1a 14.73 (+) MS2 [496.0 (45)]a 

 

478.3395 ([M+H-H2O]+, 8, 1.5), 468.3542 ([M+H-CO]+, 66, -0.4), 451.3276 
([M+H-CO-NH3]

+, 39, -0.5), 397.2805 (b4AV/b4VV, 100, -1.0), 383.2654 

(b4LL/b4VL, 44, 0.3), 369.2860 (a4AV/a4VV, 22, 0.1), 355.2707 (a4LL/a4VL, 13, 

1.0), 326.2433 (b3LA, 3, -1.6), 312.2274 (b3LL, 4, -2.3), 298.2126 (b3AV, 13, 
0.1), 284.1970 (b3VV, 11, 0.4), 270.1813 (b3VL, 4, 0.2), 227.1760 (b2LA, 1, 2.5), 

213.1600 (b2LL, 2, 1.0), 199.1804 (a2LA, 1, -0.4), 199.1441 (b2VL, 1, 0.1), 

185.1654 (a2LL, 1, 2.9), 185.1288 (b2AV, 1, 1.9), 171.1504 (a2VL, 0.4, 5), 

171.1132 (b2VV, 1, 2.5), 157.1335 (a2AV, 1, -0.3) 

  (+) MS3 [496.0 (45) -> 397.0 (45)]ᵇ 369.2863 (a4AV/a4VV, 100, 0.9), 352.2598 ([a4AV/a4VV-NH3]
+, 7, 1.0), 326.2433 

([b4AV-Ala]+, 8, -1.6), 298.2128 (b3AV/[b4VV-Val]+, 93, 1.0), 284.1972 (b3VV, 
52, 1.2), 185.1288 (b2AV, 4, 2.0), 157.1337 (a2AV, 1, 0.8) 

  (+) MS3 [496.0 (45) -> 383.0 (45)]ᵇ 355.2710 (a4LL/a4VL, 100, 1.8), 312.2302 (b3LL, 15, 6.0), 284.1978 ([b4VL-

Val]+, 84, 3.2), 270.1823 (b3VL/[b4LL-Leu]+, 31, 3.8) 

3.1b 14.80 (+) full MS a 496.3493 ([M+H]+, C25H46O5N5
+

, -0.2) 

3.1b 14.80 (+) MS2 [496.0 (45)]a 

 

478.3398 ([M+H-H2O]+, 8, 2.0), 468.3545 ([M+H-CO]+, 69, 0.2), 451.3279 

([M+H-CO-NH3]
+, 40, 0.1), 397.2807 (b4AV/b4VV, 100, -0.5), 383.2656 

(b4LL/b4VL, 50, 0.7), 369.2863 (a4AV/a4VV, 20, 0.7), 355.2706 (a4LL/a4VL, 10, 

0.7), 326.2433 (b3LA, 3, -1.6), 312.2285 (b3LL, 4, 1.2), 298.2126 (b3AV, 13, 

0.1), 284.1971 (b3VV, 26, 1.0), 270.1817 (b3VL, 2, 1.9), 227.1755 (b2LA, 0.3, 
0.3), 213.1600 (b2LL, 3, 1.4), 185.1650 (a2LL, 2, 0.7), 185.1290 (b2AV, 2, 3.1), 

171.1143 (b2VV, 0.4, 9.0), 157.1339 (a2AV, 1, 2.3) 

  (+) MS3 [496.0 (45) -> 397.0 (45)]ᵇ 369.2861 (a4AV/a4VV, 93, 0.2), 352.2604 ([a4AV/a4VV-NH3]
+, 7, 2.7), 326.2436 

([b4AV-Ala]+, 9, -0.6), 298.2126 (b3AV/[b4VV-Val]+, 42, 0.4), 284.1970 (b3VV, 

100, 0.4), 185.1285 (b2AV, 5, 0.5), 157.1334 (a2AV, 1, 5.0) 

  (+) MS3 [496.0 (45) -> 383.0 (45)]ᵇ 355.2706 (a4LL/a4VL, 100, 0.7), 312.2285 (b3LL, 21, 0.9), 284.1967 ([b4VL-
Val]+, 69, -0.4), 270.1815 (b3VL/[b4LL-Leu]+, 23, 1.1) 

3.1c 14.98 (+) full MS a 496.3486 ([M+H]+, C25H46O5N5
+

, -1.5) 

3.1c 14.98 (+) MS2 [496.0 (45)]a 

 

478.3400 ([M+H-H2O]+, 11, 2.2), 468.3542 ([M+H-CO]+, 84, -0.5), 451.3276 
([M+H-CO-NH3]

+, 41, -0.6), 397.2805 (b4AV/b4VV, 100, -1.1), 383.2654 

(b4LL/b4VL, 50, 0.2), 369.2862 (a4AV/a4VV, 16, 0.5), 355.2705 (a4LL/a4VL, 12, 

0.3), 326.2438 (b3LA, 5, -0.1), 312.2291 (b3LL, 1, 3.0), 298.2124 (b3AV, 1, -
0.5), 284.1969 (b3VV, 18, 0.2), 270.1814 (b3VL, 5, 0.7), 227.1753 (b2LA, 2.3, -

0.6), 213.1602 (b2LL, 2, 2.2), 199.1803 (a2LA, 1, -1.0), 185.1661 (a2LL, 2, 0.7), 

171.1149 (b2VV, 0.8) 

  (+) MS3 [496.0 (45) -> 397.0 (45)]ᵇ 369.2862 (a4AV/a4VV, 84, 0.5), 352.2584 ([a4AV/a4VV-NH3]
+, 6, -3.0), 326.2444 

([b4AV-Ala]+, 15, 1.8), 298.2134 (b3AV/[b4VV-Val]+, 22, 2.9), 284.1971 (b3VV, 

100, 0.9) 

  (+) MS3 [496.0 (45) -> 383.0 (45)]ᵇ 355.2703 (a4LL/a4VL, 100, -0.3), 312.2287 (b3LL, 5, 1.7), 284.1970 ([b4VL-

Val]+, 44, 0.3), 270.1815 (b3VL/[b4LL-Leu]+, 34, 0.9) 

3.2 14.50 (+) full MS 482.3335 ([M+H]+, C24H44O5N5
+, -0.5)  

3.2 14.50 (+) MS2 [482.0 (45)]a 

 

464.3237 ([M+H-H2O]+, 9, 0.6), 454.3380 ([M+H-CO]+, 100, -1.6), 437.3116 

([M+H-CO-NH3]
+, 42, -0.7), 411.2967 (b4AA/b4LA, 18, -2.3), 383.3026 

(a4AA/a4LA, 3, 2.3), 369.2493 (b4LL/b4LL*/b4AL, 95, -0.3), 341.2544 
(a4LL/a4LL*/a4AL, 21, -0.3), 340.2592 (b3LA, 1, -0.2), 324.2279 

([a4LL/a4LL*/a4AL-NH3]
+, 7, -0.2), 298.2126 (b3AA/b3LL, 6, 0.1), 256.1655 

(b3LL*/b3AL, 13, -0.1), 227.1753 (b2LA/b2LL, 2, -0.1), 199.1818 (a2LA/a2LL, 1, 
1.3), 185.1284 (b2AA/b2LL*, 1, -0.1), 157.1356 (a2AA/a2LL, 1, 2.1) 

3.2  (+) MS3 [482.0 (45) -> 411.0 (45)]ᵇ 383.3012 (a4AA/a4LA, 75, -1.2), 340.2593 (b3LA/[b4AA-Ala]+, 6, -0.5), 298.2128 

(b3AA/[b4LA-Leu]+, 100, 1.1) 

3.2  (+) MS3 [482.0 (45) -> 369.0 (45)]ᵇ 

 

341.2544 (a4AL/a4LL/a4LL*, 100, -1.0), 324.2283 ([a4AL/a4LL/a4LL*-NH3]
+, 9, 

0.5), 298.2125 (b3LL/[b4AL-Ala]+, 19, -0.1), 256.1655 (b3AL/b3LL*/[b4LL/b4LL*-

Leu]+, 72, -0.4), 211.1440 ([a3AL/a3LL*-NH3]
+, 6, 3.0) 
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Table B.1 (continue) 

cpd tR 

[min] 

scan mode [m/z (NCE in %)] m/z (relative intensity in %, error in ppm) 

3.3 15.58 (+) full MS 510.3650 ([M+H]+, C26H48O5N5
+, 0.1) 

3.3 15.58 (+) MS2 [510.0 (45)] 

 

492.3546 ([M+H-H2O]+, 10, 0.2), 482.3702 ([M+H-CO]+, 100, 0.1), 

465.3436 ([M+H-CO-NH3]
+, 61, 0.1), 411.2964 (b4AV, 92, -0.2), 397.2809 

(b4LL/b4LL*/b4VL, 96, 0.1), 383.3021 (a4AV, 22, 0.4), 369.2863 

(a4LL/a4LL*/a4VL, 29, 0.3), 366.2755 ([a4AV-NH3]
+, 4, 0.4), 352.2597 

([a4LL/a4LL*/a4VL-NH3]
+, 16, 0.3), 340.2599 (b3LA, 3, 0.4), 326.2437 (b3LL, 7, 

-0.2), 298.2128 (b3AV, 33, 0.3), 284.1971 (b3LL*/b3VL, 18, 0.2), 227.1758 

(b2LA/b2LL, 5, 0.4), 213.1601 (b2LL*, 2, 0.3), 199.1809 (a2LL/a2LA, 2, 0.4), 

185.1650 (a2LL*, 1, 0.1), 185.1287 (b2AV, 2, 0.3), 171.1129 (b2VL, 0.7, 0.1), 
157.1336 (a2AV, 0.9, 0.1) 

3.3  (+) MS3 [510.0 (45) -> 411.0 (45)] 

 

383.3018 (a4AV, 55, 0.2), 366.2753 ([a4AV-NH3]
+, 5, 0.2), 340.2587 ([b4AV-

Ala]+, 7, 0.1), 298.2127 (b3AV, 100, 0.2), 253.1913 ([b3AV-Ala]+, 8, 0.2), 
185.1282 (b2AV, 5, 0.2), 157.1334 (a2AV, 1.5, -0.1) 

3.3  (+) MS3 [510.0 (45) -> 397.0 (45)] 

 

369.2861 (a4LL/a4LL*/a4VL, 100, 0.1), 352.2598 ([a4LL/a4LL*/a4VL-NH3]
+, 7, 

0.3), 326.2438 (b3LL, 17, -0.1), 298.2126 ([b4VL-Val]+, 39, 0.1), 284.1970 
(b3VL/b3LL*, 69, 0.1), 227.1755 (b2LL, 3, 0.1), 213.1595 (b2LL*, 3, -0.2), 

185.1286 ([b3VL-Val]+, 1, 0.2), 171.1123 (b2VL, 2, -0.5) 

Table B.2. Fragment abundances of the most different fragment ions of the natural, synthetic and synthetic isomer of 

chrysosporide (3.3). 

 Relative intensities (%) 

 Natural (3.3) Synthetic (3.3) Synthetic Valine isomer epi 3.3* 

tR [min] 8.55 8.55 8.06 

[M+H-H2O]+ 10 10 6 

b4AV/b4LL/b4LL* 78 80 98 

b4VL 80 80 92 

*cyclo-(D-Ala-L-Leu-L-Leu-D-Leu-D-Val) 

Table B.3. Fragment abundances of most different fragment ions natural, synthetic and synthetic isomers of 

microsporide A (3.1). 

 Relative intensities (%) 

 Natural (3.1a) Natural (3.1b) Natural (3.1c) Synthetic (3.1a) 
Synthetic 

isomer I* 

Synthetic 

isomer II** 

tR [min] 8.04 8.10 8.19 8.04 8.10 8.05 

b3AV 8 1 1 7 8 6 

b3VV 6 15 15 5 5 5 

b4AV/b4VV 100 100 95 100 100 100 

b4LL/ b4VL 42 49 53 42 58 41 

a5-NH3 32 34 41 32 34 30 

a5 74 78 100 73 82 74 

*cyclo-(D-Ala-L-Leu-D-Leu-L-Val-L-Val); ** cyclo-(L-Ala-D-Leu-L-Leu-D-Val-L-Val) 

Table B.4 In vitro antibacterial activity of the synthetic linear peptide 3.6 and the synthetic cyclic peptide 3.3. 

Compounds 

MIC and MBC against the following bacterial strains: 

6538P 43300 29212 19606 27853 25922 

MIC* MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

3.6 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 

3.3 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 

*Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC), expressed in g/mL. Staphylococcus aureus (ATCC 6538P), 

Staphylococcus aureus MRSA (ATCC 43300), Enterococcus faecalis (ATCC 29212), Enterococcus spp. (ATCC 25922), Acinetobacter baumannii (ATCC 19606), and 

Pseudomonas aeruginosa (ATCC 27853). 
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Scheme B.1. Theoretical b-ions (m/z) formed during fragmentation of microsporide A (3.1a). 

 

Scheme B.2. Theoretical b-ions (m/z) formed during fragmentation of microsporide B (3.2). 

 

Figure B.1. (+)-ESI-HRMS spectrum of isolated ampullosporin A.  
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Figure B.2. 1H NMR spectrum of isolated ampullosporin A (600 MHz, DMSO-d6, 25°C). 

 

 

Figure B.3. UHPLC-(+)-ESI-HRMS and PDA spectrum of isomeric mixture of natural cyclic microsporide A (3.1). 
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Figure B.4. CD spectrum of isomeric mixture of natural microsporide A (3.1) in MeOH. 

 

Figure B.5. 1H NMR spectrum of isomeric mixture of natural microsporide A (3.1) (600 MHz, DMSO-d6, 40°C). 
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Figure B.6. UHPLC-(+)-ESI-HRMS and PDA spectrum of natural chrysosporide (3.3). 

 

 

Figure B.7. CD spectrum of natural chrysosporide (3.3) in MeOH. 
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Figure B.8. 1H NMR spectrum of natural chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C) 

 

Figure B.9. 1H, 13C HSQC spectrum of natural chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 
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Figure B.10. 1H, 13C HMBC spectrum of natural chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.11. 1H, 1H COSY spectrum of natural chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 
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Figure B.12. 1H, 1H ROESY spectrum of natural chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.13. 1H, 1H TOCSY spectrum of natural chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 
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Figure B.14. Total ion chromatogram (TIC) obtained from the UHPLC-(+)-ESI-HRMS measurements in positive ion 

mode of the crude synthetic product of cyclic pentapeptide 3.1a. 

 

 

Figure B.15 UHPLC-(+)-ESI-HRMS and PDA spectrum of synthetic cyclic pentapeptide 3.1a. 
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Figure B.16. CD spectrum of synthetic cyclic pentapeptide 3.1a in MeOH. 

 

Figure B.17. 1H NMR spectrum of cyclic pentapeptide 3.1a (600 MHz, DMSO-d6, 40°C). 
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Figure B.18. 1H, 13C HSQC spectrum of cyclic pentapeptide 3.1a (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.19. 1H, 13C HMBC spectrum of cyclic pentapeptide 3.1a (600 MHz, DMSO-d6, 40°C). 
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Figure B.20. 1H, 1H ROESY spectrum of cyclic pentapeptide 3.1a (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.21. 1H, 1H TOCSY spectrum of cyclic pentapeptide 3.1a (600 MHz, DMSO-d6, 40°C). 
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Figure B.22. Total ion chromatogram (TIC) obtained from the UHPLC-(+)-ESI-HRMS measurements of the crude 

synthetic product of cyclic pentapeptide 3.2. 

 

 

Figure B.23 UHPLC-(+)-ESI-HRMS and PDA spectrum of pure synthetic microsporide B (3.2). 
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Figure B.24. CD spectrum of synthetic microsporide B (3.2) in MeOH. 

 

Figure B.25. 1H NMR spectrum of synthetic cyclic microsporide B (3.2) (600 MHz, DMSO-d6, 40°C). 
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Figure B.26. 1H, 13C HSQC spectrum of synthetic cyclic microsporide B (3.2) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.27. 1H, 13C HMBC spectrum of synthetic cyclic microsporide B (3.2) (600 MHz, DMSO-d6, 40°C). 
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Figure B.28. 1H, 1H COSY spectrum of synthetic cyclic microsporide B (3.2) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.29. 1H, 1H ROESY spectrum of synthetic cyclic microsporide B (3.2) (600 MHz, DMSO-d6, 40°C). 
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Figure B.30. 1H, 1H TOCSY spectrum of synthetic cyclic microsporide B (3.2) (600 MHz, DMSO-d6, 40°C).  

 

 

Figure B.31. Total ion chromatogram (TIC) obtained from the UHPLC-(+)-ESI-HRMS measurements of the crude 

synthetic chrysosporide (3.3). 
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Figure B.32. UHPLC-(+)-ESI-HRMS and PDA spectrum of synthetic chrysosporide (3.3). 

 

Figure B.33. CD spectrum of synthetic chrysosporide (3.3) in MeOH. 
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Figure B.34. 1H NMR spectrum of synthetic chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.35. 1H, 13C HSQC spectrum of synthetic chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 
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Figure B.36. 1H, 13C HMBC spectrum of synthetic chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.37. 1H, 1H ROESY spectrum of synthetic chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 
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Figure B.38. 1H, 1H TOCSY spectrum of synthetic chrysosporide (3.3) (600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.39. UHPLC-(+)-ESI-HRMS and PDA spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3). 
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Figure B.40. CD spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3) in MeOH. 

Figure B.41. 1H NMR spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 600 MHz, DMSO-d6, 40°C). 
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Figure B.42. 1H, 13C HSQC spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 600 MHz, DMSO-d6, 

40°C). 

 

 

Figure B.43. 1H, 13C HMBC spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 600 MHz, DMSO-d6, 

40°C). 
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Figure B.44. 13C band selective 1H, 13C HMBC spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 

600 MHz, DMSO-d6, 40°C). 

 

 

Figure B.45. 1H, 1H COSY spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 600 MHz, DMSO-d6, 

40 °C). 
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Figure B.46. 1H, 1H ROESY spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 600 MHz, DMSO-d6, 

40°C). 

 

 

Figure B.47. 1H, 1H TOCSY spectrum of Valine-Epimer of synthetic chrysosporide (epi-3.3, 600 MHz, DMSO-d6, 

40°C). 
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Figure B.48. UHPLC-(+)-ESI-HRMS and PDA spectrum of linear peptide precursor I of synthetic cyclic peptide 3.1a 

(D-Leu-L-Leu-D-Val-L-Val-D-Ala). 

 

 

 

Figure B.49. 1H NMR spectrum of linear peptide precursor 3.4 of synthetic cyclic peptide 3.1a (L-Leu-L-Leu-D-Val-

L-Val-D-Ala, 400 MHz, DMSO-d6, 25 °C). 
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Figure B.50. 13C NMR spectrum of linear peptide precursor 3.4 of synthetic cyclic peptide 3.1a (L-Leu-L-Leu-D-Val-

L-Val-D-Ala, 100 MHz, DMSO-d6, 25°C). 

 

 

Figure B.51. HPLC profile of synthetic linear peptide 3.5. Conditions: Agilent 1100/1260/1290 system, Macherey-

Nagel ChromCart C18ec column (5 μm, 150 × 4.6 mm), flow rate 1.0 ml/min, 25°C, gradient 0-2 min, 20% B; 2-15 

min, 20-25% B, 15-16 min 25-90%, isocratic at 90% B for further 7 min (A=H2O + 0.1% FA; B=CH3CN + 0.1% FA), 

absorbance detection at 210 nm. 
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Figure B.52. 1H NMR spectrum of linear peptide precursor 3.5 of synthetic cyclic peptide 3.2 (L-Leu-L-Leu-D-Leu-

L-Ala-D-Ala, 400 MHz, DMSO-d6, 25 °C). 

 

Figure B.53. 13C NMR spectrum of linear peptide precursor 3.5 of synthetic cyclic peptide 3.2 (L-Leu-L-Leu-D-Leu-

L-Ala-D-Ala, 100 MHz, DMSO-d6, 25°C). 
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Figure B.54. UHPLC-(+)-ESI-HRMS and PDA spectrum of linear peptide precursor 3.6 of synthetic chrysosporide (3.3) 

(D-Ala-L-Leu-L-Leu-D-Leu-L-Val). 

 

 

Figure B.55. 1H NMR spectrum of linear precursor 3.6 of synthetic chrysosporide (3.3) (D-Ala-L-Leu-L-Leu-D-Leu-

L-Val, 400 MHz, DMSO-d6, 25 °C). 
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Figure B.56. 13C NMR spectrum of linear peptide precursor 3.6 of synthetic chrysosporide (3.3) (D-Ala-L-Leu-L-Leu-

D-Leu-L-Val, 100 MHz, DMSO-d6, 25 °C). 

 

Figure B.57. UHPLC-(+)-ESI-HRMS comparison of extracted ion chromatograms m/z 482 [M+H]+ of the natural 

microsporide B (3.2) within in the crude extract of S. microspermum and the corresponding synthetic cyclic 

pentapeptide (3.2). 
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Figure B.58. Comparison of 
1
H NMR spectra of the isolated and synthetic chrysosporide (3.3) and Valine-Epimer of 

synthetic chrysosporide (epi-3.3) (600 MHz, DMSO-d6, 40 °C). 

 

 

Figure B.59. Comparison of the TICs and the fragmentation pattern obtained from the UHPLC-(+)-ESI-HRMS2 

measurements of the isolated and synthetic chrysosporide (3.3). 
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Figure B.60. Anthelmintic activity of synthetic linear peptide 3.6 and diastereomeric mixture of cyclic peptide 3.3. 

 

Figure B.61. Antibacterial activity of synthetic linear peptide 3.6 and synthetic chrysosporide 3.3. 
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C. Appendix Chapter 4 

 

Table C.1. Origin of fungal material. 

1 Leg. = (lat.) legit, det. = (lat.) determinavit.  

Table C.2. Detected anthraquinones (4.1-4.6), their elemental composition and exact masses. 

 

 

Table C.3. Key ions in the negative ion ESI-MSn spectra of skyrin (4.6). 

 
Compound Method Scan Mode [m/z] m/z [relative Intensity (%)] 

skyrin (4.6) 

(fungal extract) 

DESI 

MS2 (50%) m/z 537 493.0923 ([M-H-CO2]
-, 100), 469.0926 ([M-H-C3O2]

-, 80) 

skyrin (4.6) 

(authentic 
reference 

compound) 

MS2 (35%) m/z 537 520.0783 ([M-H-OH]·-, ), 519.0716 ([M-H-H2O]-), 509.0861 ([M-H-CO]-), 

493.0920 ([M-H-CO2]
-), 475.0809 ([M-H-H2O-CO2]

-), 469.0922 ([M-H-C3O2]
-

), 465.0956 [M-H-CO-CO2]
-, 449.1021 ([M-H-2CO2]

-) 

 MS3 (35%) m/z 537-493 493.0908 ([M-H- M-H-CO]-, 64), 475.0805 ([M-H-H2O-CO2]
-, 46), 465.0963 

([M-H-CO-CO2]
-, 100), 449.1014 ([M-H-2CO2]

-, 97) 

skyrin (4.6) 

(authentic 
reference 

compound) 
direct 

infusion 

MS2 (30%) m/z 537 537.0829 ([M-H]-, 96), 520.0801 ([M-H-OH]·-, 16), 519.0723 ([M-H-H2O]-, 

19), 509.0879 ([M-H-CO]-, 11), 493.0930 ([M-H-CO2]
-, 100), 475.0824 ([M-H-

H2O-CO2]
-, 7), 469.0931 ([M-H-C3O2]

-, 72), 465.0981 ([M-H-CO-CO2]
-, 8), 

449.1033 ([M-H-2CO2]
-, 14) 

 MS3 (40%) m/z 537-493 493.0930 ([M-H-CO2]
-, 34), 475.0824 ([M-H-H2O-CO2]

-, 61), 465.0980 ([M-

H-CO-CO2]
-, 86), 449.1032 ([M-H-2CO2]

-, 100), 421.1083 ([M-H-2CO2-CO]-, 

8) 

 
  

[M-H]- 

Experimental mass (error) 

Compound Elemental 

composition 

[M-H]- 

Theoretical 

mass 

C. (D.) 

austronanceiensis 

C. (D.) 

icterina 

C. (D.) 

icterinula 

C. (D) 

obscuro- 

olivea 

C. (D.) 

spec. 

C. (D.) 

viridulifolius 

emodin (4.1) C15H9O5
- 269.0455 

269.0450 
(-2.0 ppm) 

269.0451 
(-0.8 ppm) 

269.0448 
(-2.6 ppm) 

269.0450 
(-1.9 ppm) 

269.0449 
(-2.2 ppm) 

269.0453 
(-0.8 ppm) 

physicion 

(4.2) 
C16H11O5

- 283.0612 
283.0611 
(-0.5 ppm) 

283.0610 
(-0.8 ppm) 

n.d. 
283.0615 
(-0.7 ppm) 

283.0605 
(-2.6 ppm) 

283.0610 
(-0.6 ppm) 

endocrocin 

(4.3) 
C16H9O7

- 313.0354 
313.0349 
(-1.5 ppm) 

313.0353 
(-0.3 ppm) 

313.0351 
(-1.0 ppm) 

313.0348 
(-1.7 ppm) 

n.d. 
313.0351 
(-1.0 ppm) 

dermolutein 

(4.4) 
C17H11O7

- 327.0510 
327.0505 
(-1.7 ppm) 

327.0505 
(-1.6 ppm) 

327.0503 
(-2.1 ppm) 

327.0506 
(-1.4 ppm) 

327.0501 
(-2.9 ppm) 

327.0507 
(-1.1 ppm) 

hypericin 

(4.5) 
C30H15O8

- 503.0772 
503.0763 
(-1.8 ppm) 

n.d. n.d. 
503.0766 
(-1.3 ppm) 

n.d. 
503.0767 
(-1.1 ppm) 

skyrin (4.6) C30H17O10
- 537.0827 

537.0817 
(-1.8 ppm) 

n.d. n.d. 
537.0819 
(-1.6 ppm) 

n.d. 
537.0822 
(-1.0 ppm) 

Species Koll. Date Place Leg./det.1 

C. (D.) austronanceiensis Chile 34/12 05.05.2012 
Conguillío National 

Park 
Arnold, Palfner 

C. (D.) icterina Chile 24/12 05.05.2012 
Conguillío National 

Park 
Arnold, Palfner 

C. (D.) icterinula 
Chile 3/12 27.04.2012 

Curacautin, Laguna 

Blanca 
Arnold, Palfner 

C. (D.) obscuro-olivea 
Chile 37/14 June 2014 

Curacautin, Laguna 

Blanca 
Arnold, Palfner 

C. (D.) spec. 
Chile 32/12 05.05.2012 

Conguillío National 

Park 
Arnold 

C. (D.) viridulifolius 
Chile 44/11 June 2011 

Quillon, 

Cayumanque 
Arnold 
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Figure C.1. A) Total ion chromatogram of an empty HPTLC band after development with eluent system (toluene: 

ethyl formate: formic acid (10:5:3; v/v/v)) , B) Corresponding Full MS spectrum to A (averaged over tR 0 - 4.6 min) 

showing background related peaks. 

 

Figure C.2. Total ion (A), base peak (B) and extracted ion chromatograms of an unspotted HPTLC band showing 

no anthraquinone related peaks (C - H).  

 

Figure C.3. Base peak chromatogram (A) and extracted ion chromatograms (EICs, B - G) based on the theoretical 

masses of the investigated anthraquinones (4.1 – 4.6) obtained from the methanolic crude extract of Cortinarius (D.) 

icterina.  
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Figure C.4. Base peak chromatogram (A) and extracted ion chromatograms (EICs, B - G) based on the theoretical 

masses of the investigated anthraquinones (4.1 – 4.6) obtained from the methanolic crude extract of Cortinarius (D.) 

icterinula. 

 

Figure C.5. Base peak chromatogram (A) and extracted ion chromatograms (EICs, B - G) based on the theoretical 

masses of the investigated anthraquinones (4.1 – 4.6) obtained from the methanolic crude extract of Cortinarius (D.) 

obscuro-olivea. 

 

Figure C.6. Base peak chromatogram (A) and extracted ion chromatograms (EICs, B - G) based on the theoretical 

masses of the investigated anthraquinones (4.1 – 4.6) obtained from the methanolic crude extract of Cortinarius (D.) 

spec. 
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Figure C.7. Base peak chromatogram (A) and extracted ion chromatograms (EICs, B - G) based on the theoretical 

masses of the investigated anthraquinones (4.1 – 4.6) obtained from the methanolic crude extract of of Cortinarius 

(D.) viridulifolius.  

 

Figure C.8. Total ion and extracted ion chromatogram (EIC) of reference compound skyrin (4.6) and the 

corresponding HRMS spectrum. 

 

Figure C.9. Total ion and extracted ion chromatogram EIC) of reference compound endocrocin (4.3) and the 

corresponding HRMS spectrum. 
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Figure C.10. Total ion and extracted ion chromatogram (EIC) of reference compound hypericin (4.5) and the 

corresponding HRMS spectrum. 

 

Figure C.11. Comparison of extracted ion chromatograms (EICs) of endocrocin (4.3, m/z 313) acquired during DESI-

HRMS measurement of methanolic extract from C. (D.) species and the reference compound. 
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