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2 Abstract 

With the rise of multidrug-resistant pathogens, humanity is in a constant race for new 

antibiotics and bioactive compounds. Many groups of Actinobacteria, have been found to pro

duce interesting and unique antibiotic and antitumor agents. However, previous studies mainly 

focused on Streptomyces spp. In the present study, we present the genetic potential of the strain 

Lentzea sp. BCCO 10_0061 and investigate its metabolic capabilities using solely bioinfor-

matic resources. For this purpose, a high-quality assembly of 23 contigs with a genus-typical 

size of 10.3 Mb and a GC content of 68.86% was obtained. Multi-locus phylogenetic analysis 

revealed a relation to Lentzea albidocapillata. AntiSMASH analysis to explore metabolic ca

pabilities detected 30 possible biosynthetic gene clusters (BGC) with candidates for iso-

migrastatin, an inhibitor of cancer cell migration, and nystatin A l , an antifungal agent, being 

the ones we chose to explore in depth. This study generated a nearly complete genome and 

high quality assembly (contig level) of Lentzea sp. BCCO 10_0061, that allowed insights into 

its metabolic capabilities and therefore cemented the basis for future studies on functional 

analysis of the proposed BGCs. 

Keywords: 

Actinobacteria, Lentzea, genome assembly, iso-migrastatin, nystatin A l , biosynthetic 

gene clusters 

1 



3 Introduction 

New therapeutically interesting compounds are urgently needed to combat life threaten

ing diseases like infections by antibiotic resistant pathogens or cancer (Rybak, 2004; Talbot et 

al., 2006; Boucher et al., 2009). Despite great technological advancements in pharmaceutical 

engineering from the last 50 years, it is still true that the most promising source of new drugs 

are natural products mainly synthesized by microorganisms such as Bacteria and Fungi 

(Kaitin, 2010; Lewis, 2017; Luepke et al., 2017). Pharmaceutical research history has shown 

that new important natural products can be found when new screening systems are improved 

by implementing the latest high quality biological knowledge into the existing discovering 

pipelines (Romesberg and Craney, 2016; Lewis, 2017). 

How to choose a bacterium for pharmacological screening programs is a daunting pro

spect given the taxonomical diversity among Bacteria. However, members of the order Acti-

nomycetales remain the richest source of natural products. Actinomycetales produce around 

45% of all microbial bioactive secondary metabolites with 80% of them (around 7,600 com

pounds) being synthetized just by the genus Streptomyces (Valli et al., 2012). The application 

of genomic technologies has opened the possibility of testing new strains for the production 

of bioactive compounds and streamlining into the lab the most promising ones (Abdelmohsen 

et al., 2015; Lewis, 2017; L i et al., 2022). 

The phylum Actinobacteria comprises organisms of agricultural, biotechnological, and 

ecological importance. They are present in high abundance in soils and are able to produce a 

wide variety of secondary metabolites (Nouioui et al., 2018) as well as to degrade several 

polymeric carbohydrates (Maiti and Mandal, 2022). They are gram positive, strictly aerobic 

and form abundant aerial hyphae (Yassin et al., 1995). Recently, compounds produced by 

Lentzea spp. have been suggested as medically important (Li et al., 2022), thus further increas

ing the interest in genetic data from this rare Actinomycete. 
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3.1 The genus Lentzea as source ofbioactive secondary metabolites 

Lentzea is a genus of the phylum Actinobacteria. The genome size varies between 8.64 

to 10.81 Mb (NCBI - Genome, accessed 12/09/21) and is characterized by a G+C content that 

ranges between 68.6-79.6% (Fang et al., 2017). Its phenotypical characteristics include vege

tative branched mycelia and aerial mycelia that fragments into rod-shaped spores. Meso-dia-

minopimelic acid form the cell-wall peptidoglycan; while galactose, ribose and mannose are 

the main sugars resulting from a whole-cell extraction. The major cellular fatty acids are iso-

C14:0 and iso-C16:0. The phospholipids are diphosphatidylglycerol, phosphatidylethanola-

mine, hydroxyl-phosphatidyethanolamine, phosphatidylinositol, phosphotidylinositolmanno-

sides. Lentzea belongs to the family Pseudonocardinaceae, and is closely related to Saccha-

rothrix, Kutzneria and Actinosynema (Figure 1). The branching characteristic of this family 

consists in the presence of menaquinone MK-9(H4) in the fatty acid extracts (Yassin et al., 

1995). 
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Figure 1 Neighbor-joining tree based on 16S rRNA gene sequences of selected Actinomycetes. The 
nucleotide sequence accession numbers are in parentheses. Section 1: Micrococcus, Microbacterium, 
and reated genera. Section 2: Mycobacterium, Nocardia, and related genera. Section 3: Family 
Pseudonocardiaceae. Section 4: Family Micromonosporaceae. Section 5: Family 
Thermomonosporaceae. Section 6: Family Streptosporangiaceae. Section 7: Family 
Streptomycetaceae. (modified from Jarerat, Pranamuda and Tokiwa, 2002) The orange arrow 
indicates a representatiove of the genus Lentzea. 

Lentzea strains have mostly been isolated from soil samples. Many originated from lo

cations of relatively stable humidity and temperature such as mines or caves (Fang et al., 

2017), but there are also some extremotolerant and extremophile species (Wichner et al., 

2017). 
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Lentzea is a group for which little data is available, especially regarding its genetic char

acteristics. For example, there are currently (January 2021) only 17 fully available genomes 

of Lentzea spp. and 16 of them are on the contig or scaffold level, lacking essential elements 

like the 16S rRNA and some housekeeping genes (NCBI - Genome, accessed 12/09/21). 

This thesis focused on a promising strain, Lentzea sp. BCCO 10_0061, which was iso

lated from a mining heap. It is known that these environments force the microorganisms to 

adopt surviving strategies such as the production of active metabolites that allow and facilitate 

their life and proliferation under extreme conditions (i.e. presence of acidic, oxidative and 

alkaline agents used for mining) (Petersen, 2016). BCCO 10_0061 is deposited in the Culture 

Collection of Soil Actinomycetes České Budějovice. The Actinomycetes collection was 

founded in 2007 at the Institute of Soil Biology, Biology Center CAS and "serves as a depos

itory for environmental and clinical Actinomycetes with a focus on research, biotechnologies, 

medicine and other practical applications" (www.actinomycetes.cz, accessed on 15.10.22). 

3.2 Genome sequencing 

The first method of sequencing was introduced by Frederick Sanger in 1977 (Figure 2). 

It uses radioactively-labelled di-deoxynucleotide triphosphates, which were utilized for chain 

termination (Genomics and Schroeder, 2022). 
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Figure 2 Schematic representation of Sanger sequencing (from Genomics and Schroeder, 2022). 
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One of these terminating nucleotides (ddA, ddT, ddG and ddC) were each used in one 

reaction mixture with other deoxynucleotide triphosphates, a polymerase, a D N A primer and 

a template to generate D N A fragments of different lengths. Then electrophoreses of all four 

samples was performed to reconstruct the correct D N A sequence based on the succession of 

the resulting bands, which could be identified due to the nucleotide specific radioactive labels. 

Some improvements on this method were made by Leroy Hood and Michael Hunpiller in 1987 

by using fluorescence-labelled ddNTPs, which allowed to perform the whole analysis in one 

vial and automate the detection (Genomics and Schroeder, 2022). 

Next generation sequencing represented a major step forward, since it allows multiple 

reactions to take place simultaneously, therefore producing huge amounts of data in a short 

time. The first of these methods was pyrosequencing by Mostafa Ronaghi, Mathias Uhlen and 

Pal Nyren and is based on detection of luminescence from pyrophosphate, which is formed 

during the synthesis (Genomics and Schroeder, 2022). 

The next generation sequencing platform used for this study was Illumina Miseq plat

form, which is based on fluorescently-labelled, reversibly-terminating nucleotides. The main 

steps consist of library preparation, cluster generation, sequencing, and data analysis (Illu-

mina.com - An introduction to Next-Generation Sequencing Technology, accessed 01/09/21) 

(Figure 3). 

Genomic DNA Fragmentation Add adaptors 

i l l p '" 'C ̂  

Cluster formation Sequencing 

Figure 3 Illumina sequencing (taken from GenScript.com - Advancing genomics, medicine and health 
together - by semiconductor DNA synthesis technology, accessed 22/04/22) 
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After extraction, the D N A is fragmented, and adapters are ligated. These contain the 

sequencing primer binding sites, indices, and complementary regions for hybridisation with 

the flow cell oligos (Illumina.com - Next-generation sequencing for beginners, accessed 

01/09/21). The library is then loaded into a flow cell and the adapters hybridize onto the flow 

cell oligos. The D N A fragments then bridge to adjacent oligos and are amplified forming 

clonal clusters. A l l reverse strands are then cleaved and removed. Then sequencing can begin 

using reversible-terminator, fluorescently labelled nucleotides, which are competing for incor

poration (Illumina.com - An introduction to Next-Generation Sequencing Technology, ac

cessed 01/09/21). After each incorporation the fluorophores are excited, the signal is recorded, 

and the terminating ends are cleaved. This is done simultaneously for all clusters on the flow 

cell, resulting in fast data acquisition. After the first reading cycle, another bridge amplifica

tion is done to generate the reverse strand which is similarly sequenced. Forward and reverse 

reads are paired based on the indices and contiguous reads can be generated (Illumina.com -

Next-generation sequencing for beginners, accessed 01/09/21). This allows for longer and 

more accurate reads. The MiSeq platform produces approximately five million paired end 

reads with a length of 150 bp within a one-day experiment, which is sufficient data for the 

assembly of small genomes (Caporaso et al., 2012). 

3.3 Genome assembly and annotation 

Before starting with the genome assembly, the quality of the reads should be checked 

and if needed, the quality can be improved by trimming or deleting low-quality reads, by re

moving leftover sequencing adapters and accidental contamination with different sources such 

as human or mouse. These contamination reads can be identified by mapping all the reads to 

a reference genome (Riehl, B., Chivian, D., Canon, S. & Land, M . , 2018). Afterwards, the 

cleaned and improved reads can be assembled into a complete chromosome or contigs. The 

term coverage describes the number of unique reads aligned to a certain part of the genome 

and can be calculated by aligning the reads to the assembly. Contigs with low mean coverage 

(< 20x) are usually considered unreliable (Brunstein, 2014) and are often the result of degraded 

input DNA, homologous regions, low complexity regions and high GC content (Thermo 

Fisher Scientific Inc., 2019). In general, the mean coverage for a good de-novo assembly of 

bacterial genomes should be around 50x (Illumina Inc., 2010). 
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KBase is an open-source platform, where data can be uploaded and analysed by multiple 

tools and compared to the built-in database of genomes and biochemistry. The platform also 

focuses on the possibility to share and discover research and allows multiple, remote parties 

to work together on one project (Arkin et al., 2018). 

Within this platform, quality control of the reads can be realised by using tools to analyse 

raw sequence data from high throughput sequencing like FastQC (Babraham bioinformatics -

FastQC A quality control tool for high throughput sequence data, accessed 12/06/22). The 

analysis returns multiple results such as some basic statistics like encoding, total sequences, 

number of sequences flagged as poor quality, sequence length and GC content as well as per 

base sequence quality, per sequence quality scores, per base sequence content, per sequence 

GC content, per base N content, sequence length distribution, sequence duplication levels, 

overrepresented sequences, and adapter content. Tools like this can be used to assess, if further 

read processing is necessary, before the assembly process can be started. 

For assembly, SPAdes assembler was used. It was designed especially for single-cell 

sequencing and was thereby made to be robust against non-uniform read coverage and higher 

levels of sequencing errors. However, it was later proven to be just as valuable for multi-cell 

isolates (Prjibelski, accessed 12/04/22). 
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Figure 4 Genome assembly method schematic (taken from Github.io - Metagenome assembly, 
accessed 16/04/22) 

SPAdes assembly is based on the "de Bruijn graph"-approach (Figure 4). Reads are di

vided into all possible k-mers (k typically is around 55 in modern NGS) and then aligned based 

on k-mer identity (Compeau, Pevzner and Tesler, 2011). This generates a de Bruijn graph, 

which is then simplified, yielding the assembly graph. Then mate-pair reads are aligned and a 

universal repeat resolving- and scaffolding algorithm is applied, which returns the contigs 

(Prjibelski, accessed 12/04/22). 

Completeness and contamination of the assembly is controlled by CheckM, which uses 

a broad range of lineage-specific, collocated marker genes to assess of genomes by determin

ing their presence (also multiple times) and absence (Parks et al., 2015). For Actinomycetales, 

a set of 368 markers are checked (Parks et al., 2015). 
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Genes can be predicted and assigned a function through annotation. Numerous software 

options are available. However, they work based on similar principles: identifying regions that 

do not code for protein, identifying the open reading frames (ORF) and then assigning a func

tion by comparison. In this study, we used two different programs RAST and Prokka and 

compared their annotations of the available Lentzea genomes. RAST has a database with 

groups of proteins having similar function called FIGfams. These groups are curated by ex

perts or determined computationally based on the sequence identity and function. Genes can 

then be assigned a function based on similarity and relationships (Aziz et al., 2008). First, 

tRNA and rRNA genes are identified, then all putative protein-encoding regions are deter

mined and labelled as putative genes. A small set of nearly universal genes (for example the 

tRNA synthetases) are pinpointed along the genome and used to find the closest relatives. To 

save computational power, first all remaining putative genes are checked against FIGfams 

occurring in these relatives, then against all FIGfams and the remaining putative proteins are 

blasted against a non-redundant protein database. Finally, an initial metabolic reconstruction 

is made by grouping genes into functional subsystems. In contrast, Prokka starts by predicting 

the coding sequences and then hierarchically compares them to databases of greater size and 

lower trustworthiness and finally, assigns functions based on e-values with a threshold of 

10-6(Seemann, 2014). 

3.4 Prediction of secondary metabolite gene clusters 

AntiSMASH is used to predict biosynthetic gene clusters and possible structures of the 

produced secondary metabolites. The pipeline translates all protein-coding genes and searches 

them with profile Hidden Markov Models based on multiple sequence alignment. Specific 

models for each BGC group exist (Medema et al., 2011). After the identification of the group, 

the cluster is compared to a database of already known clusters and a similarity score is as

signed (Blin et al., 2021). Based on this score, a compound with similar structure and function 

may be produced by the organism. To confirm the chemical structure and biological function 

of the selected gene cluster, the compound needs to be produced in the lab, isolated and ana

lysed with mass spectrometry (MS) and nuclear magnetic resonance spectroscopy (NMR) 

techniques to elucidate the structure. The biological functions like antifungal or antibacterial 

properties can be tested firstly with in vitro tests such as the plate diffusion technique (Berkow, 

Lockhart and Ostrosky-Zeichner, 2020) or more advanced microfluidic cell culture systems to 

test for antimetastatic properties (Kitaeva et al., 2020). 
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4 Work aim 

Lentzea is a poorly researched and rare genus of Actinomycetes, which are well known 

producers of many medically relevant compounds such as antibacterial agents (erythromycin, 

streptomycin, and kanamycin); antifungal agents (nystatin); immunosuppressants (rapamy-

cin); antiparasitic, anti-lymphatic filariasis, and anti-onchocerciasis agents (ivermectin) 

(Quinn et al., 2020). 

The goal of this thesis is to generate a whole-genome assembly of Lentzea sp. BCCO 

10_0061, provide a genetic description and compare housekeeping genes (16S rRNA, atpD, 

rpoB and gyrB) of selected strains to assess the strain's phylogenetic placement. Furthermore, 

analysis of putative biosynthetic gene clusters is performed to identify compounds of medical 

interest. 
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5 Material and Methods 

The following passage contains classified information, and it is contained only in the 

full version of the thesis that is deposited at the Faculty of Science of the USB. Content is 

omitted due to future publication. 

6 Results 

The following passage contains classified information, and it is contained 

full version of the thesis that is deposited at the Faculty of Science of the USB 

omitted due to future publication. 

7 Discussion 

The following passage contains classified information, and it is contained 

full version of the thesis that is deposited at the Faculty of Science of the USB 

omitted due to future publication. 

8 Conclusion 

This study aimed to increase the information available on genetic potential of Lentzea 

spp. and investigated their metabolic capabilities. In this context, the complete genome of 

Lentzea sp. BCCO 10_0061 was generated and thereby adds to the existing, limited pool of 

data. Computational annotations were performed, and the organism was classified within the 

Lentzea genus with the closest similar complete genome available being Lentzea albidocapil-

lata (GCF- 900176525.1). A total of 30 biosynthetic gene clusters were identified and the 

likelihood of production of iso-migrastatin and nystatin A l or similar products was assessed. 

The presented results open the opportunity for future research. Possible follow up experiments 

could include transcriptomic analyses of BCCO 10_0061 to identify the conditions under 

which the identified BGCs are active. Subsequently, isolation and structural analysis of the 

secondary metabolites using MS and different N M R techniques as well as antifungal tests (i.e. 

inhibition of Candida, for nystatin A l ) or antimetastatic effects (for iso-MGS) of the products 

predicted in this study. 

only in the 

. Content is 
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10 Appendix 
The following passage contains classified information, and it is contained only in the 

full version of the thesis that is deposited at the Faculty of Science of the USB. Content is 

omitted due to future publication. 
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