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reached after a period of time of up to 3 weeks to. Ampicillin and kanamycin were used to inhibit the
growth of sensitive bacteria and to select for resistant strains. Both antibiotics were chosen because
of their different mode of action.

In this study, 320 bacterial samples were isolated from the gut of N. vespilloides and sequenced after
16S gene amplification. The Basic Local Alignment Search Tool for nucleotides (BLASTn) was
subsequently used for identification. The results are shown in Figure 9. Bacteria were identified to the
genus level based on their 16S gene sequences. The species diversity could not be taken into account
because of the insufficient species identification based on the 16S gene.

Microorganisms were cultivated mainly on BHI agar but also on TSB as well as on different selective
media such as mannit yolk polymyxin agar (MYP), mannit salt agar (MSA), water agar (H,0), yeast

extract glucose chloramphenicol agar (YGC) and peptone glucose starch agar (PGS)

Figure 9: Bacterial diversity of the cultivable gut microbiome.
From outside to inside: class>order>genus
The field sizes are based on abundance. Identification was achieved by 16S gene amplification followed by BLASTn search.

The most abundant bacteria isolated were of the class of Gammaproteobacteria with a total of 59.1%.
The family of Enterobacteriales was cultivated with ~ 43% prevalence of all bacterial families, followed
by ~ 10% Xanthomonadales and ~ 6% Pseudomonadales. The most abundant genus was Serratia with

a total of ~ 43% among all isolates belonging to the Enterobacteriales, followed by the genera Hafnia
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(~ 22%) and Proteus (~ 15%). Genera of regular but lower abundance comprise Morganella (~ 11%)
and Providencia (~ 7%), followed by Enterobacter, Citrobacter and Erwinia.

Beside the order of Enterobacteriales, Xanthomonadales and Pseudomonadales were also identified.
They were represented by the genera of Pseudomonas (Pseudomonadaceae) and Stenotrophomonas
(Xanthomonadaceae). Next to the Gammaproteobacteria, the class of Bacilli (17.2%) was the second
most abundant represented by the order Lactobacillales. The genera Carnobacterium, Vagococcus and
Achromobacter as well as Lactococcus and Enterococcus were the most abundant. The third largest
group of isolated bacteria is previously not further specified with a total of 12.8% percent. Next to
these identified two major classes, Alphaproteobacteria, Betaproteobacteria, Actinobacteria and
Flavobacteria were also isolated and cultivated. In total, 25 different genera were isolated, next to
some undefined species of Microbacterium, Lactococcus and Enterobacteriaceae. The full BLASTn
identification list can be found in the appendix (Table S1).

During the process of undirected bacterial isolation on complex media, strong swarming occurred
irregularly. In those cases a reduction of the nutrient yield limited the swarming. In general, 100% BHI
agar was used; however, if swarming occurred, especially with Proteus mirabilis, the nutrient
concentration was reduced to 50%.

It should be pointed out that the cultivation of the microbiome aimed at all bacteria, not only at those
that have already been scientifically described. However, the isolation of unspecified bacteria was
achieved extremely rarely. Difficulties in the isolation of those bacteria might have arisen from
numerous reasons. Strain 3MH1, isolated from the hindgut of a male beetle, was grown from a diluted
gut suspension, which has been plated out on TSB agar. After colony picking, PCR amplification and
Sanger sequencing, the BLASTn analysis revealed an identity coverage of 95.3% with its closest
ancestor Wohlfahrtiimonas larvae. However, a major problem arose after several successful passages
on solid agar media and cryo conservation. The strain 3MH1 failed to grow from cryo stocks as well as
from the agar plates so that a further characterization was impossible. A change of growth conditions
was a first starting point to resolve this issue. The strain was grown at different cultivation
temperatures, i. e., 4°C, 15°C 21°C, 26°, 30°C and 37°C. Growth was regularly checked over a period of
4 weeks, but no colonies could be detected, anymore. Thereafter, the strain was grown under
microaerophilic and anaerobic conditions. Even the use of an anaerobic jar did not lead to success.
Supplementation of the growth medium with iron(ll)sulfate (FeSO4), which is commonly recommended
as a strategy for isolation and cultivation of rare bacteria with siderophore activity, showed no effect
either.

Cultivation on non-selective media in an anaerobic jar revealed the presence of the genera.
Carnobacterium (Latobacillales, Carnobacteriaceae), and Enterobacter (Enterobacteriales,

Enterobacteriaceae). Both genera are facultatively anaerobic and were also found under aerobic
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conditions. Overall, time and effort required for anaerobic cultivation were comparatively high; and
the low taxonomic diversity of the isolates obtained did not justify any future application of this

method.
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6.3.2 Cultivation of fungi

For cultivation of eukaryotic microorganisms, a selective medium, yeast extract glucose
chloramphenicol agar (YGC), was used successfully. Chloramphenicol is a broad-spectrum antibiotic,
which is supplemented here to prevent bacterial growth, thus promoting the selection of yeasts and
fungi. The cultivation itself was performed in the same manner as for bacteria, i. e., by direct plating
of 10* diluted gut suspensions.

Figure 10 summarizes the results of the eukaryotic cultivation approach. With 68% of all isolates,
Yarrowia was the most frequently isolated genus of all eukaryotic isolates. The genus Yarrowia
(Saccharomycetales, Dipodascaceae) belongs to the true yeasts. BLASTn search either revealed
Yarrowia lipolytica (28%) or Yarrowia sp. (40%). lIsolates identified as Yarrowia sp. had a BLAST
coverage of 98% of identity for the amplified ITS regions, indicating a genetic difference compared to
the references. The genus Candida (Saccharomycetales, Saccharomycetaceae) was the second most

common (8%) fungal isolate.
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Figure 10: Fungal diversity of the cultivable gut microbiome.

Outside to inside: class>order->genus

The most abundant isolates were Yarrowia lipolytica and Yarrowia sp. of the family Dipodascaceae and Candida sp. of the
family Saccharomycetaceae.
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Cultivation of Yarrowia species revealed obvious differences in the morphology of the isolates. At least
four different colony shapes could be distinguished when isolates were growing on the same YGC agar
plate (Figure 11).

Full genome sequencing has been performed for Yarrowia sp. isolates by our collaboration partners
from the Max Planck Institute for Chemical Ecology and Dr. Karina Brinkrolf. The results suggest
different subspecies but this cannot be linked to the morphological differences, so far. Most notably,
Yarrowia was the only fungal genus isolated from the rectum of the beetle, and it seems to be endemic

to this gut compartment.

A B

Figure 11: Differences in growth morphology of Yarrowia isolates.

The isolates growing on YGC agar plates are yeasts of the genus Yarrowia and fungi of the genus Candida. Under the same
growth conditions, the Yarrowia isolates exhibit different morphologies. .Red circles indicate different growth shapes of
Yarrowia colonies. Smooth (1) can be found as well as concave (2) and spiky (3) colonies in different orientation. The most
divergent shape, however, is best described as a spaghetti-shaped colony (4).

Besides the genus Yarrowia, the genera Penicillium (Eurotiales, Aspergillaceae), Geomyces (Incertae
sedis, Pseudeurotiaceae) as well as Cephalotheca (Sordariales, Cephalothecaceae) and Humicola

(Sordariales, Chaetomiaceae) were cultivated.
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Aim 2: Fermentation, chemical extraction, and antimicrobial screening

6.3 Testing for antimicrobial activity

6.3.1 Pre-screening with crude extracts

After the cultivation of 320 bacterial isolates from the gut of both wild and laboratory-reared N.
vespilloides beetles, a selection of strains based on 16S gene similarity was made. Isolation and
cultivation of the microbial samples was based on morphological differences of the colonies obtained.
Therefore, the genetic differences indicated by 16S analysis were used for the following screening of
antimicrobial activity. Based on that, 113 bacterial strains and 6 Yarrowia isolates were selected. This
de-replication process is limited by the genetic differences in the bacterial 16S gene but was necessary
for the reduction of the number of isolates. Because of this selection, at least one representative of
each species was chosen for fermentation. All of the 119 microbial isolates were grown in liquid culture
in conical flasks (Erlenmeyer-Kolben). Afterwards, the cultures were freeze-dried and extracted. Liquid
cultures were sampled after one, six and nine days, respectively, because the time-point of induction
of antimicrobial compound production is not predictable. Secondary metabolite production can be
induced by numerous metabolic events. It can result, for example, from nutrient limitation, from
growth during the stationary phase.etc. In this study, a strong increase in antibiotic activity was
detected between the 1t and 9" day of cultivation. The freeze dried material was subsequently
extracted with EtOAc and MeOQOH, as described in the Material and Methods section. Only five crude
EtOAc extracts displayed sufficient antimicrobial activity, whereas the number of bioactive MeOH
extracts was significantly higher (231 extracts).

The primary screening was performed with a set of relevant microbial organisms, including Gram-
negative pathogens such as wild-type Escherichia coli, the efflux pump mutant E. coli ATolC, and
Pseudomonas aeruginosa. Gram-positive bacteria such as Staphylococcus aureus and
Mycobacterium smegmatis were also included as well as the eukaryotic human pathogen Candida
albicans. However, it should be kept in mind that M. smegmatis® is a highly sensitive, organism.
Consequently, the high inhibition rates recorded from testing of crude extracts have to be scrutinised
in order to avoid false positive hits. In a later stage of screening, E. coli ATolC had to be excluded from
the spectrum of test organisms because of inconstant growth, which corresponded to false positive
inhibitions.

By screening the crude extracts for antimicrobial activity, a huge number of active isolates was
identified (Figure 12). The highest number of antimicrobially active extracts originated from the group

of undetermined isolates — remarkably, a total of 26% of all strains was found in this group.

1 M. smegmatis is used as a safety level 1 screening strain for tuberculosis.
34



Results

Surprisingly, most of the bioactive isolates were found in the orders of Pseudomonadales (19%),
Lactobacillales (17%), and Enterobacteriales (17%). In contrast, the orders Actinomycetales (10%),
Flavobacteriales (2%) and Burkholderiales (2%), which are most well-known as classical sources of
antibiotics, were less represented. Here, it has to be emphasised that only a small number of isolates

obtained from Nicrophorus guts belonged to these orders.
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Figure 12: Taxonomic diversity of bacteria producing bioactive crude extrats.

Outside to inside: class>order->genus

The diagram combines all observed antimicrobial activities from the 113 bacterial isolates tested. More than 26% of all
biologically active extracts were obtained from undetermined bacteria. Strains of the genus Pseudomonas were the most

abundant producers of bioactivity, compared to the other genera.

Screening of crude extracts resulted in a huge number of antimicrobial activities (Table 6) against the
pathogens tested. For instance, the Serratia isolate FF6-H,0 or the Enterococcus isolate 42, exhibited
broad-spectrum activity against all test organisms. In total, 71% of all MeOH extracts showed > 70%
inhibition of M. smegmatis. In contrast, selective inhibition of C. albicans has only been observed
comparatevely rarely. One of those examples is the unspecified isolate Wild Mid 14, obtained from the
midgut of a wild living beetle.

The least inhibition rates were recorded against Gram-negative bacteria with only 11.5% of all extracts

displaying sufficient inhibition rates of > 70%. Crude extracts that are active against Gram-negatives
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are regarded most interesting. This is due to the fact that the pharmacutical market is devoid of
novelties in this field of application. Inhibition of E. coli and P. aeruginosa is therefore of high value for
the developement of modern, selective antibiotics. As examples, the MeOH extracts of isolate
2FH1_PGS (genus Hafnia) and the so far undetermined bacterium 2MH4 can be listed. Those extracts
were capable of effectively inhibiting either E. coli or P. aueruginosa. Remarkably, the genera
Enterococcus and Serratia (Enterobacteriales) produced extracts that exhibited a pronounced anti-

Gram-negative activity.
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Table 6: Heat map of selected antimicrobial effects produced by the gut bacterla
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Table 7: Selected antibiotic effects by percentage of inhibition from methanol crude extracts.
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Discussion

sophisticated bioassay to confirm the hits, M. smegmatis activities were no longer considered for
screening.

Unspecified bacteria and strains not related to those genera known as classical producers of antibiotics
were of high interest in this project. To increase the chances of discovering structurally new antibiotics,
recent studies underlined the necessity to exploit new bacterial genera with genetic distance to the
known compound producers. Finally, it was stated that chemical diversity depends on the genetic
distance (Hoffmann et al., 2018).

Microbial strains isolated in this study were classified by rRNA gene amplification, subsequent Sanger
sequencing, and BLASTn analysis of the sequencing results against public databases (see Figure 9).
Phylogenetic analysis of the 16S rRNA gene is a standard procedure in microbiology for the
identification of bacteria (Woese et al., 1987; Weisburg et al.,, 1991; Lane, 1991). Nevertheless,
identification based on 165 rRNA gene homology is often not sufficient to distinguish between species
or even genera (Fox et al., 1992; Vandamme et al., 1996). Due to these drawbacks, in this study best
BLASTn hits of rRNA gene sequences were only used to scrutinise the phylogenetic background of the
strains and to predict the putative closest relative within the database. Commonly used homology
thresholds to strictly define species (e.g. < 98% 16S rRNA gene homology) were left aside and
assignments of species names and genera have to be considered putative for the time beeing.

Whole genome sequencing is the molecular method of choice to perform a more precise taxonomic
identification (Poretsky et al., 2014). Three of the most promising strains from this study were
therefore subjected to whole genome sequencing. One of these isolates was strain 39, which showed
inhibitory effects against the Gram-negative E. coli (Table 7). The initial phylogenetic analysis via
16S rRNA gene sequencing and BLASTn analysis had identified Arthrobacter sp. as the closest relative
with a sequence identity of 100%. The newly sequenced genome of strain 39 was compared to NCBI's
“Reference Genomes” on the whole genome level. It was shown that the best match among the
reference genomes was Glutamicibacter arilaitensis, but it has to be taken into account that the
homologous region between both strains only comprises 12.8% of the genome sequences. While for
this conserved DNA the overall sequence identity is 88.47%, the rest of the genomes have no significant
similarities. Thus, the 165-based classification and the whole-genome approach do not result in the
same closest relative, which is not surprising, because the reference genome data base includes way
less species than the database used for 16S BLAST analysis. Nevertheless Arthrobacter and
Glutamicibacter are related species, since Glutamicibacter is a genus reclassified from Arthrobacter
(Busse, 2016). However, a taxonomic classification of strain 39 on the genome level has to be
postponed, due to the low amount of conserved DNA shared with so far sequenced and publically

available bacterial genomes.
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The genome of strain 39 comprises a small nonribosomal protein synthesis/polyketide synthesis
(NRPS/PKS) biosynthetic gene cluster (BGC). Hence, further investigations on both the BGC as well as
the strain itself will be necessary for phylogenetic classification of this strain and its antimicrobial
compound.

The strains 2ABFH4 and Wild Mid 14 were previously regarded as unspecified isolates, based on 16S
best BLASTn. The whole genome BLASTn of strain 2ABFH4 resulted in the identification of Providencia
rettgeri as its closest related species. However, the genome of strain 2ABFH4 and P. rettgeri only share
3.92% of their genome. This rather small homologous region has a sequence identity of 86.5%. Due to
these results, a phylogenetic identification is not possible for the time being. AntiSmash analyses were
not able to detect any known BGC. Furthermore, a reclassification of that strain based on the
bioinformatic analysis and compound isolation would certainly contribute to the identification of strain
2ABFH4 and its spectrum of antimicrobials produced. Finally, it cannot be excluded that isolate 2ABFH4
might also represent a new species.

In contrast, the isolate Wild Mid 14 shares 94% of its genomic sequence with 99.4% identity with
Proteus mirabilis. Because of this high similarity, it can be assumed that this isolate is a member of the
genus Proteus. Strain Wild Mid 14 is therefore the only one of all three whole genome sequenced

isolates that can be attributed to a defined genus.
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Aim 3: Analytic and isolation of interesting candidates

7.4 The isolated strain FF6-H,0

Strain FF6-H,0 was isolated from the gut of the burying beetle by long-term cultivation on 1.5% water
agar. The nutrient deficiency led to slow growth of the bacteria and, therefore, prevented bacterial
generalists to overgrow other, more specialised, slow-growing taxa. This isolate was identified as
Serratia plymuthica and exhibited no red pigmentation. Hence, the production of prodigiosin under
the experimental conditions applied could be excluded. Moreover, the isolates FF6- H,O and 56 were
the only ones of the genus Serratia to display activity against all microbes tested. Because of this broad
antimicrobial effect, LC/MS and MS/MS analyses were performed, and subsequently AntiBase 2014
was searched for hits as previously described. Finally, a literature search for broad antimicrobial
activity produced by Serratia species led to the hypothesis of zeamine | (CasH101N4Os)
(Masschelein et al., 2013). Zeamines are known as broad-spectrum antibiotics encoded by a hybrid
NRPS/PKS biosynthetic gene cluster. Notably, they also exhibit nematicidal activity (Hellberg et al.,
2015). The compound is targeting the cell wall unspecifically (Masschelein et al., 2015), thus explaining
its broad antimicrobial activity. Further LC/MS experiments could not support the initial hypothesis. It
was not possible to reconfirm a pesudomolecular ion of zeamine | as initially detected. Moreover, HPLC
separation and fraction collection as well as subsequent bioactivity-guided testing revealed different
bioactive fractions (Figure 16). This indicates either derivates of zeamine | e.g. bioactivty derivatives of
the molecule, or an initial misidentification of the antimicrobially active compound as zeamine I.
Therefore, FLASH chromatography followed by activity-guided screenings of the resulting fractions was
performed multiple times, without a positve identification of a bioactive fraction. Additionally,
different chemical extraction methods were evaluated for improving the compound isolation process.
The following strategies were applied to obtain high amounts of crude extracts after fermentation:
(i) liquid-liquid extraction with EtOAc, (ii) cultivation with the adsorbent XAD 2 and (iii) the classic
freeze-drying approach as described above. Nevertheless, all extracts were devoid of bioactivity after
large-scale fermentation. The use of N-(3-oxohexanoyl)-C6-homoserine lactone, a naturally occurring
guorum sensing molecule, was not successful. Orininally, this molecule was described as an inducer of
the zeamine | biosynthesis by S. plymuthica (Masschelein et al., 2013). Consequnetly, this negative
result further supports the hypotheis of the presence of an antibiotic compound other than zeamine
l.

As previously mentioned, the loss of bioactivity is a global phenomenon, the reasons for which can
often not be identified. Often, co-cultivation experiments or the supplementation with cell-free
supernatant of other bacterial cultures are considered. The presence of other bacteria or metabolites

can induce the antimicrobial compound production and would also be appropriate for fermentation
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scale-up. Cell-free E. coli supernatant was therefore tested for the induction of zeamine | biosynthesis;
however this approach was also unsuccessful.

Whole genome sequencing is another possible method to uncover the antimicrobial potential of the
strain FF6-H,0. Generally, this approach facillitates a defined phylogenetic identification as well as an
identification of BGC’s by AntiSMASH. As previously shown in this study for isolate 39, 16S gene-based
identification can be insufficient to identify a species. Therefore, the phylogenetic classification of the
strain FF6-H,O had to remain hypothetical. Consequnently, whole genome sequenzing or PCR
trargeting significant features of BGCs can support the identification (Lemetre et al., 2017). Therefore,

any specific approach towards an induction of the BGC is based on hypothesis.
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7.5. The isolated compound serrawettin W2

Strain 2MH3-2 was identified as S. marcescens and exhibited antimicrobial activity against S. aureus.
The HLPC separation and collection of the resulting fractions led to the identification of a medium-
polar antimicrobial compound. Subsequent isolation by FLASH chromatography yielded 5 mg of pure
compound derived from 5 L fermentation. The genus Serratia, like most of the other
Enterobacteriaceace, grows fast to high cell density. Moreover, the production of extracellular proteins
resulted in a high amount of crude extract. Hence, to reduce its amount, proteins had to be
precipitated to prevent overloading of the FLASH column and to facilitate an optimal separation.
Further NMR analysis confirmed the production of the cyclic depsipeptide serrawettin W2, as
previously hypothesised. Serrawettin W2 is a secondary metabolite produced by S. marcescens and
has previously been reported as a bacterial surfactant (Matsuyama et al, 1986;
Matsuyama et al., 1992). Bacterial surfactants, e.g. surfactin from Bacillus subtilis, are often
lipopeptides (Raaijmakers et al., 2010), which are capable of lowering the surface tension. Thereby,
the bacteria are able to spread on semisolid surfaces and therefore, these compounds are also called
wetting agents (Matsuyama and Nakagawa, 1996). These biosurfactants are considered alternatives
to other antimicrobial agents against different clinical infections (Fariq and Saeed, 2016).
Serrawettin W2 has been tested for its antimicrobial activity and was able to suppress both
Gram negative and -positive bacteria (Su et al., 2016). The latter findings are in contrast to the results
of this project. Here, serrawettin W2 only inhibited Gram-positive bacteria such as B. subtilis,

L. monocytogenes and S. aureus (MSSA and MRSA).
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7.5.1 Ecological role of serrawettin W2

Insect-associated beneficial bacteria and their bioactive secondary metabolites have gained much
interest of the scientific community. For a long time, the contribution of microbial symbionts to the
biosynthesis of low-molecular-weight compounds was neglected although the metabolites themselves
have been known for decades. For example, the biosynthesis of the antitumour amide pederin has
been discovered in an unculturable symbiont of the Paederus beetle (Piel, 2002). The highly toxic
pederin is used by the beetle for chemical defence (Dettner, 1987). Moreover, antibiotic-producing
symbiontic Streptomyces species have been intensively studied (Kaltenpoth, 2009) and reported to be
part of the evolutionary evolved defensive symbiosis with the European beewolf Philantus triangulum
(Krois et al., 2010; Engl et al., 2018).

Due to these findings, it has been hypothesised that the preservation process of N. vespilloides is
supported by beneficial bacteria producing bioactive low-molecular-weight compounds
(Degenkolb et al., 2011). The recently published results of Shukla et al. (2018b) underline the ecological
importance of the genus Serratia. Notably, a number of Serratia strains displaying antimicrobial
bioactivities have been isolated and investigated in this thesis. The compound serrawettin W2 isolated
from aS. marcescens strain displayed antimicrobial and nematostatic activities that were hypothesised
to be of importance for carcass preservation. Additionally, serrawettin W2 has been previously
reported as an efficient repellent against the nematode Caenorhabditits elegans by Pradel et al. (2007).
Furthermore, the burying beetle N. vespilloides was found to be associated with parasitic nematodes
(Richter, 1993). Recent studies investigated another parasitic nematode that resembles very much
Rhabditoides regina. The authors stated a negative influence on carcass health, larval survival, and
larval mass, respectively (Wang and Rozen, 2017; Wang and Rozen, 2018b). It is therefore conceivable
that serrawettin W2 helps the beetle to control the nematode load on the carcass itself and in its
immediate vicinity, as supported by the findings of this study. The inhibition of Gram-positive bacteria
may also be beneficial for carcass sanitation and preservation.

Notably, this thesis describes for the first time a structurally defined, low-molecular-weight
antimicrobial and nematostatic compound as a secondary metabolite of a gut symbiont of
N. vespilloides. However, further investigations are required to link this compound to the process of

carcass preservation and the unique ecology of N. vespilloides.
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7.6 The influence of the microbial gut symbionts on N. vespilloides and its life cycle

The preservation process of the burying beetle is a poorly understood phenomenon, which still
fascinates the scientific community. The antimicrobial effects, which are essential for preservation of
a rich, but highly susceptible nutrient source, have to be exceptionally efficient on one hand, but must
not harm the developement of larvae on the other. Therefore, the major question is whether the
beetle itself, the gut microbiome, or both “components” synergistically preserve the carcass by the
production of carcass-preserving and repellent agents.

To answer this question, the N. vespilloides was investigated for the expression and secretion of
antimicrobial peptides (AMPs). Those have been investigated extensively in insects, and some show
promising antimicrobial potential (Wiesner and Vilcinskas, 2010; Tonk and Vilcinskas, 2017).
Twenty-seven AMPs and three lysozymes have been reported for N. vespilloides. When the beetle was
exposed to carrion, both c-lysozyme-2 and thaumatin-4 were found to be highly expressed
(Jacobs et al., 2016). Both of these antimicrobial proteins are also present in the anal secretion of the
beetle. Nevertheless, it is hypothesized that the sanitation of the carcass requires a broad spectrum of
antimicrobial compounds (Jacobs et al., 2016), including AMP’s. Therefore, the target-oriented
exploration of the gut microbiome might fill another gap in our current understanding of the
preservation process. It has been previously shown that the burying beetle N. vespilloides hosts an
unusual microbiome (Kaltenpoth and Steiger, 2014). Although the role of antimicrobial low-molecular-
weight compounds was previously hypothesised (Degenkolb et al., 2011), the production of antibiotic
or carcass-preserving compounds has not yet been linked to a spectrum of defined microbial
producers. To date, it could only be shown that certain microbes such as Wohlfartiimonas, Providencia,
Morganella, Vagococcus, Myroides, and the yeast Yarrowia, are transferred to the carcass. Notably,
these microbes are neither present on untreated carrion nor in the soil (Shukla et al., 2018).

In this thesis, a cultivation-dependent approach has been used for the first time to investigate the
antimicrobial potential of the N. vespilloides gut microbiome. To date, little is known if the
antimicrobial potential observed in this project is of any relevance for the beetle. The multiple
antimicrobial effects described in this study were observed under laboratory conditions, only. Thus,
in vivo experiments are inevitably required to link those antimicrobial effects to the beetle’s unique
ecology.

Recently, co-cultivation experiments with Morganella morganii isolated from N. vespilloides gut and
Serratia marcescens isolated from decomposing mice carcasses were conducted. Wang and Rozen
(2018a) demonstrated the inhibition of their S. marcescens strain by the M. morganii isolated. In this
study, the same authors isolated a red-pigmented S. marcescens, which corresponds to the production
of prodigiosin (Hejazi and Falkiner, 1997). In contrast, the Serratia strains isolated in the project

reported here, never exhibited any red pigmentation. This gives evidence to the phylogenetic and
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chemical differences to the strain used by Wang and Rozen. The ecological relevance of the genus
Serratia for N. vespilloides is unclear until now. Due to the result of Serratia being one of the most
prominent genera on tended carcasses (Shukla et al., 2018b), it can be assumed that this genus and its
secondary metabolites are of importance for carcass health and preservation. This also supports the
high abundance of Serratia strains isolated in this project and their antimicrobial effects (Figure 13).
Isolates FF6-H,0 and 56 displayed broad-spectrum inhibition of the pathogens tested whereas others
e.g. isolate 2MH3-2 exclusively inhibited Gram-positives. Consequently, it can be stated that isolates

of the genus Serratia are benefitial to the beetle’s ecology.
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Perspective
The exceptional lifestyle of N. vespilloides has attracted the interest of scientist for centuries

(Fabre, 1914; Pukowski, 1933). Recent contributions addressed the preservation strategy and the
chemically diverse spectrum of antimicrobial compounds produced (Degenkolb et al., 2011;
Jacobs et al., 2016; Vogel et al.,, 2017). The knowledge-based approach to explore this untapped
resource for natural products resulted in the identification of numerous bacteria with antimicrobial
activity. Beside those, several unspecified bacteria producing a broad spectrum of antimicrobial
bioactivities were found. Some of those were chosen for whole genome sequencing and biosynthetic
genecluster analysis to to gain more detailed insights into the antimicrobial potential of the gut
microbiome. Furthermore, this project contributed to the understanding of the preservation process
from the bacterial side.

Still, additional experiments and investigations are necessary to understand the preservation process
of N. vespilloides in more detail. To access further bacterial gut symbionts, a variety of cultivation
approaches with media designed to meet the physiological parameters and needs of the gut symbionts
are required. This strategy may lead to the target-oriented discovery and cultivation of hitherto
uncultivated microorganisms. The use of complex and minimal media without consideration of
pH-value and oxygen conditions in the gut resulted in a rather undirected cultivation of
microorganisms. Imitating the gut’s physiological conditions could support the growth of more
specialised, gut-adopted taxa. This may lead to the detection and production of a more diverse
spectrum of bioactive secondary metabolites.

The primary screening (see 6.3.1 and Table S2) revealed a variety of antimicrobial effects.
Nevertheless, most of the Gram-negative inhibition was lost in the course of HPLC separation.
Therefore, further experiments to trigger the induction of the desired, original bioactivity are
required.A first possibility would be the co-cultivation with a microbial competitor to induce the
natural defence mechanisms of the strain. Another option could include a variety of different
cultivation media to screen for bioactivity induction within different nutrient settings.

Alternatively, cultivation and induction-independent approaches to broaden the antimicrobial
potential of the gut microbiome should be promising. The expanded screening for BGCs based on full
genome sequencing can be an appropriate but comparatively expensive option. Without the
bioactivity-guided selection of strains, this could end up in high costs with rather low outcome.
Moreover, such strategy is not suitable for a high-throughput screening.

Further on, strain 39 could not be identified as Glutamicibacter on whole genome level. Its NRPS/PKS
BGCis intended for heterologous expression in a Streptomyces species. In parallel, classical compound

isolation can be performed in case of activity loss after expression.
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Future work should be aimed at the genome announcement of strain 39 and the bioactivity-guided
identification of the antimicrobial compound produced by this strain. Also, strain 2ABFH4 is another
possible candidate for genome announcement. With its homology of 3.9% shared with Providencia
rettgeri, the possibility of discovering a new species is comparetively high.

To finally proof the ecologically relevance of serrawettin W2 for N. vespilloides, LC/MS analysis of the
anal secretions can be conducted to search for the presence of this peptide. Also matrix-assisted laser
desorption ionization imaging (MALDI) would be a state-of-the-art option to verify the production of
serrawettin W2 by S. marcescens in the beetle’s gut. This would further coroborate the discoveries
made under laboratory conditions, thus confirming the observation that N. vespilloides is using both

its own AMPs as well as antimicrobial compounds for carcass preservation.
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Table S1: List of Isolates from the gut of N. vespilloides

Abbreviations used:

1. Capital letter: M= male
F=female

2. Capital letter:  F=forgut
M= midgut
H= hindgut

Wild = wild-living species

Faek= Fecal isolate

a= anaerobic cultivated

AB= agar supplemented with antibiotics

Man= agar supplemented with mannitol

H,0= isolated from water agar after long-time cultivation
BHI/YGC/PGS= sued media for cultivation

Strain ID Best BLASTn: closest genetic relative available

70 Achromobacter piechaudii strain Na28 16S ribosomal RNA gene, partial
sequence

45 Acinetobacter guillouiae isolate OTU-b62 16S ribosomal RNA gene,
partial sequence

39 Arthrobacter sp. GHO1 16S ribosomal RNA gene, partial sequence

40 Arthrobacter sp. GHO1 16S ribosomal RNA gene, partial sequence

YGC-10 Candida ghanaensis small subunit ribosomal RNA gene, complete

sequence

Man._F._mid._1-2

Carnobacterium maltaromaticum strain BSS448 16S ribosomal RNA gene,
partial sequence

Man._F._mid._2

Carnobacterium maltaromaticum strain BSS448 16S ribosomal RNA gene,
partial sequence

Man._F._hind._2

Carnobacterium maltaromaticum strain Fish 09690 16S ribosomal RNA
gene, partial sequence

Carnobacterium maltaromaticum strain Fish 11.890 A2 K 12 16S
ribosomal RNA gene, partial sequence

Man._F._mid._1-1

Carnobacterium maltaromaticum strain Fish 11.890 A2 K 12 16S
ribosomal RNA gene, partial sequence

Man._F._mid._4-1

Carnobacterium maltaromaticum strain Fish 11.890 A2 K 12 16S
ribosomal RNA gene, partial sequence
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Strain ID Best BLASTn: closest genetic relative available

Wild_Anal_1 Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Anal_2 Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Anal_3 Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Anal_4 Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Hind_2 Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Hind_4 Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Hind_einzel Morganella morganii strain wf-1 16S ribosomal RNA gene, partial
sequence

Wild_Anal_6 Morganella morganii strain ZW45-1 16S ribosomal RNA gene, partial
sequence

3MM2 Morganella morganii subsp. morganii KT 16S ribosomal RNA

Wild_Hind_3 Morganella morganii subsp. morganii KT, complete genome

Wild_Hind_5 Morganella morganii subsp. morganii KT, complete genome

2AB_MH1 Myroides odoratus strain 154 (C4Plas©) 16S ribosomal RNA gene, partial
sequence

2AB_MH2 Myroides odoratus strain 154 (C4Plas©) 16S ribosomal RNA gene, partial
sequence

2AB_MH4 Myroides odoratus strain 154 (C4Plas©) 16S ribosomal RNA gene, partial
sequence

55 Nocardioides oleivorans gene for 16S rRNA, partial sequence

10 Ochrobactrum sp. KAR47 16S ribosomal RNA gene, complete sequence

35 Ochrobactrum sp. KAR47 16S ribosomal RNA gene, complete sequence

YGC-2 Penicillium lagena gene for 18S rRNA, partial sequence

Wild_Mid_12 Proteus mirabilis strain AER311-8 16S ribosomal RNA gene, partial
sequence
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Strain ID Best BLASTn: closest genetic relative available

Wild_Mid_6 Proteus mirabilis strain AER311-8 16S ribosomal RNA gene, partial
sequence

Wwild_Mid_18 Proteus mirabilis strain QHD 16S ribosomal RNA gene, partial sequence

Wild_Mid_7 Proteus mirabilis strain QHD 16S ribosomal RNA gene, partial sequence

Wild_Hind_1 Proteus mirabilis strain R2 16S ribosomal RNA gene, partial sequence

Wild_Mid_10 Proteus mirabilis strain R2 16S ribosomal RNA gene, partial sequence

Wild_Mid_11 Proteus mirabilis strain R2 16S ribosomal RNA gene, partial sequence

Wild_Mid_13 Proteus mirabilis strain R2 16S ribosomal RNA gene, partial sequence

Wild_Mid_15 Proteus mirabilis strain R2 16S ribosomal RNA gene, partial sequence

wild_Mid_20 Proteus mirabilis strain R2 16S ribosomal RNA gene, partial sequence

101 Proteus sp. 632B2_12AEMB 16S ribosomal RNA gene, partial sequence

100 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

102 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

103 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

104 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

105 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

Wild_Mid_16 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

Wild_Mid_21 Proteus sp. BUR10 16S ribosomal RNA gene, partial sequence

3MA1 Providencia rettgeri strain DSM 4542

3MH3 Providencia rettgeri strain DSM 4542

2FH2 Providencia sp. BAB-5308 16S ribosomal RNA gene, partial sequence

1FH2 Providencia sp. BIHB 1402 16S ribosomal RNA gene, partial sequence

1FM2 Providencia sp. BIHB 1402 16S ribosomal RNA gene, partial sequence

1MH1 Providencia sp. BIHB 1402 16S ribosomal RNA gene, partial sequence

3MA2 Pseudochrobactrum kiredjianiae strain CCUG 49584

2AB_FF1 Pseudochrobactrum saccharolyticum strain ALK626 16S ribosomal RNA
gene, partial sequence
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Strain ID Best BLASTn: closest genetic relative available

2AB_FF2 Pseudochrobactrum saccharolyticum strain ALK626 16S ribosomal RNA
gene, partial sequence

2AB_FF7 Pseudochrobactrum saccharolyticum strain ALK626 16S ribosomal RNA
gene, partial sequence

93 Pseudochrobactrum saccharolyticum strain W14 16S ribosomal RNA
gene, partial sequence

2AB_FF6 Pseudochrobactrum sp. H-VRE-110b 16S ribosomal RNA gene, partial
sequence
80 Pseudomonas brenneri strain BD09-00307 16S ribosomal RNA gene,

partial sequence

85 Pseudomonas brenneri strain BD09-00307 16S ribosomal RNA gene,
partial sequence

81 Pseudomonas extremorientalis strain NSPtBx02 16S ribosomal RNA gene,
partial sequence

60 Pseudomonas fluorescens strain n10 16S ribosomal RNA gene, partial
sequence

65 Pseudomonas fluorescens strain n10 16S ribosomal RNA gene, partial
sequence

26 Pseudomonas fluorescens strain PCL1751, complete genome

62 Pseudomonas fragi strain F26 16S ribosomal RNA gene, partial sequence

27 Pseudomonas sp. 27Kp1l 16S ribosomal RNA gene, partial sequence

90 Pseudomonas sp. 27Kp1l 16S ribosomal RNA gene, partial sequence

88 Pseudomonas sp. 35_2 16S ribosomal RNA gene, partial sequence

57 Pseudomonas sp. BTN10 16S ribosomal RNA gene, partial sequence

84 Pseudomonas sp. FBF110 partial 16S rRNA gene, isolate FBF110

86 Pseudomonas sp. LC182 16S ribosomal RNA gene, partial sequence

66 Pseudomonas sp. n5(2012) 16S ribosomal RNA gene, partial sequence

58 Pseudomonas sp. PP103 16S ribosomal RNA gene, partial sequence

20 Pseudomonas sp. P-W-3 16S ribosomal RNA gene, partial sequence
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Strain ID Best BLASTn: closest genetic relative available

44 Rhodococcus gingshengii strain PVL12 16S ribosomal RNA gene, partial
sequence

Feakl_PGS Serratia ficaria strain YJ1 16S ribosomal RNA gene, complete sequence

Mannitol_MF4 Serratia liquefaciens strain 24K11 16S ribosomal RNA gene, partial

sequence

Man._M._for._2-2

Serratia liquefaciens strain FDAARGOS_125, complete genome

97 Serratia liquefaciens strain KAR19 16S ribosomal RNA gene, complete
sequence

2MF1_PGS Serratia marcescens strain 16DR 16S ribosomal RNA gene, partial seq.

2MH1_PGS Serratia marcescens strain IARI-CRK 16 16S ribosomal RNA gene, partial
sequence

2MH3-2_BHI Serratia marcescens strain N1.14 16S ribosomal RNA gene, partial
sequence

2FH4_BHI Serratia marcescens strain S20 16S ribosomal RNA gene, partial sequence

Mannitol_MF5 Serratia marcescens subsp. sakuensis strain RN25 16S ribosomal RNA
gene, partial sequence

2MH1_BHI Serratia marcescens subsp. sakuensis strain RY21 16S ribosomal RNA
gene, partial sequence

2MH2-1_BHI Serratia marcescens subsp. sakuensis strain RY21 16S ribosomal RNA
gene, partial sequence

FF6_H20_BHI Serratia plymuthica strain KAR17 16S ribosomal RNA gene, complete
sequence

56 Serratia plymuthica strain UBCR_12 16S ribosomal RNA gene, partial
sequence

87 Serratia proteamaculans partial 16S rRNA gene, strain TRS1-WB

15 Serratia proteamaculans strain 1Cg-44 16S ribosomal RNA gene, partial
sequence

2 Serratia proteamaculans strain B34 16S ribosomal RNA gene, partial
sequence

16 Serratia proteamaculans strain B34 16S ribosomal RNA gene, partial

sequence

97



Appendix
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23 Serratia proteamaculans strain B34 16S ribosomal RNA gene, partial
sequence

52 Serratia proteamaculans strain G32 16S ribosomal RNA gene, partial
sequence

Feak3_BHI Serratia sp. #YN-5 gene for 16S ribosomal RNA, partial sequence

18 Serratia sp. 73 16S ribosomal RNA gene, partial sequence

28 Serratia sp. 73 16S ribosomal RNA gene, partial sequence

67 Serratia sp. 73 16S ribosomal RNA gene, partial sequence

61 Serratia sp. BACM14 16S ribosomal RNA gene, partial sequence

1 Serratia sp. JW65.6a partial 16S rRNA gene, strain JW65.6a

17 Serratia sp. KB17 16S ribosomal RNA gene, partial sequence

78 Serratia sp. KB17 16S ribosomal RNA gene, partial sequence

83 Serratia sp. KB17 16S ribosomal RNA gene, partial sequence

91 Serratia sp. KB17 16S ribosomal RNA gene, partial sequence

9 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

33 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

43 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

47 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

59 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

73 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

74 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

75 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

6 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

Mannitol_MF9 Serratia sp. L0305 16S ribosomal RNA gene, partial sequence

Faek1l_PGS Serratia sp. PSTB2 16S ribosomal RNA gene, partial sequence

Mannitol_FM2 Serratia sp. Q3 16S ribosomal RNA gene

63 Serratia sp. TWJ22 16S ribosomal RNA gene, partial sequence
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Faek3_PGS Serratia sp. UA-JF0212 16S ribosomal RNA gene, partial sequence

Feak1-2 Serratia sp. UA-JF0212 16S ribosomal RNA gene, partial sequence

71 Stenotrophomonas humi strain R-32729 16S ribosomal RNA gene

AB4 Stenotrophomonas maltophilia 16S ribosomal RNA gene, partial
sequence

2AB_MF1 Stenotrophomonas maltophilia strain 261ZG10 16S ribosomal RNA gene,
partial sequence

2AB_MM1 Stenotrophomonas maltophilia strain 261ZG10 16S ribosomal RNA gene,
partial sequence

2AB_MF3 Stenotrophomonas maltophilia strain 262XG3 16S ribosomal RNA gene,
partial sequence

53 Stenotrophomonas maltophilia strain 262XG5 16S ribosomal RNA gene,
partial sequence

21 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

92 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

94 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

96 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

99 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

2AB_FH2 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

2AB_FH3 Stenotrophomonas maltophilia strain 2Kp7a 16S ribosomal RNA gene,
partial sequence

41 Stenotrophomonas maltophilia strain 4K1A 16S ribosomal RNA gene,
partial sequence

49 Stenotrophomonas maltophilia strain 4K1A 16S ribosomal RNA gene,

partial sequence
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ABS Stenotrophomonas maltophilia strain D1 16S ribosomal RNA gene, partial
sequence

69 Stenotrophomonas maltophilia strain LZC3 16S ribosomal RNA gene,

partial sequence

2AB_FF3 Stenotrophomonas maltophilia strain LZC3 16S ribosomal RNA gene,
partial sequence

2AB_FF4 Stenotrophomonas maltophilia strain LZC3 16S ribosomal RNA gene,
partial sequence

2AB_FF5 Stenotrophomonas maltophilia strain LZC3 16S ribosomal RNA gene,
partial sequence

32 Stenotrophomonas maltophilia strain QH31 16S ribosomal RNA gene,
partial sequence

3MA3 Stenotrophomonas pavanii strain LMG 25348

46 Stenotrophomonas sp. 4NR6 16S ribosomal RNA gene, partial sequence

2AB_FH1 Stenotrophomonas sp. 4NR6 16S ribosomal RNA gene, partial sequence

72 Stenotrophomonas sp. CanL-50 16S ribosomal RNA gene, partial
sequence

64 Stenotrophomonas sp. DA1 16S ribosomal RNA gene, partial sequence

98 Stenotrophomonas sp. SB341 16S ribosomal RNA gene, partial sequence

3FAl Streptomyces herbaricolor strain NBRC 3932

3MH2 Vagococcus fessus strain m2661/98/1

3MA4 Vagococcus fessus strain m2661/98/1 16S ribosomal RNA gene

3MM3 Vagococcus fessus strain m2661/98/1 16S ribosomal RNA gene

29 Variovorax boronicumulans partial 16S rRNA gene, isolate 0911ARD9I2

34 Variovorax sp. MG3 16S ribosomal RNA gene, partial sequence

3FM1 Wohlfahrtiimonas larvae strain KBLOO6 16S ribosomal RNA

AB3 Yarrowia divulgata isolate F6-17 18S ribosomal RNA gene

YGC-6 Yarrowia lipolytica partial 23S rRNA gene, strain K

YGC-1 Yarrowia lipolytica strain ATCC 9773 18S ribosomal RNA gene
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YGC-19 Yarrowia lipolytica strain ATCC 9773 18S ribosomal RNA gene

YGC-4 Yarrowia lipolytica strain ATCC 9773 18S ribosomal RNA gene

YGC-7 Yarrowia lipolytica strain ATCC 9773 18S ribosomal RNA gene

YGC-11 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-13 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-14 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-16 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-26 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-27 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-5 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-8 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

YGC-9 Yarrowia sp. D30L 18S ribosomal RNA gene, partial sequence

4 Uncultured bacterium clone 10-472 16S ribosomal RNA gene, partial
sequence

2MF5_BHI Uncultured bacterium clone 8817-D40-PY-O-1B 16S ribosomal RNA gene,
partial sequence

77 Uncultured bacterium clone C6 16S ribosomal RNA gene, partial

sequence

Man._F._hind._4

Uncultured bacterium clone C6 16S ribosomal RNA gene, partial

sequence

12 Uncultured bacterium clone KNB33 16S ribosomal RNA gene, partial
sequence

50 Uncultured bacterium clone KNB33 16S ribosomal RNA gene, partial
sequence

2AB_MF2 Uncultured bacterium clone LF4FR5D05 16S ribosomal RNA gene, partial
sequence

2MH4_BHI Uncultured bacterium clone MgKl1c003b02 16S ribosomal RNA gene,

partial sequence
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48 Uncultured bacterium clone RL185_aaj72c11 16S ribosomal RNA gene,
partial sequence

a-12 Uncultured bacterium clone rRNA198 16S ribosomal RNA gene, partial
sequence

2AB_FH4 Uncultured bacterium clone SINI672 16S ribosomal RNA gene, partial
sequence

2MF3_BHI Uncultured bacterium clone SINI836 16S ribosomal RNA gene, partial
sequence

2FM5_PGS Uncultured bacterium partial 16S rRNA gene, amplicon K

79 Uncultured gamma proteobacterium clone FTLpost17 16S ribosomal RNA
gene, partial sequence

2MH3-1_PGS Uncultured Lactococcus sp. clone S1_G08 16S ribosomal RNA gene,
partial sequence

2MH3-3_PGS Uncultured Lactococcus sp. clone S5_A12 16S ribosomal RNA gene,
partial sequence

2MM2_BHI Uncultured Lactococcus sp. gene for 16S rRNA, partial sequence, clone:
CLZX63

54 Uncultured Microbacterium sp. clone KNB18 16S ribosomal RNA gene,
partial sequence

2MH3-2_PGS Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000142
small subunit ribosomal RNA gene, partial sequence

Mannitol_MF1 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000257
small subunit ribosomal RNA gene, partial sequence

1FF1 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000327
small subunit ribosomal RNA gene, partial sequence

2FH4-2_BHI Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000327
small subunit ribosomal RNA gene, partial sequence

2FH5 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000327
small subunit ribosomal RNA gene, partial sequence

2FM2_PGS Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000327

small subunit ribosomal RNA gene, partial sequence
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FF8_H20_BHI Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000327
small subunit ribosomal RNA gene, partial sequence

FF9_H20 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000327
small subunit ribosomal RNA gene, partial sequence

MH2 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000450
small subunit ribosomal RNA gene, partial sequence

1MF1 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

1MF2 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

1MM2 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

2FM4-1_BHI Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

2MF2-2_BHI Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

Mannitol_MF6 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

Mannitol_MF7 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

MH3 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

MM1 Uncultured organism clone ELU0075-T355-S-NIPCRAMgANa_000498
small subunit ribosomal RNA gene, partial sequence

Wild_Mid_14 Uncultured organism clone ELU0159-T329-S-NIPCRAMgANa_000317
small subunit ribosomal RNA gene, partial sequence

2MH3-3_PGS unknown

3MH1 96%: Wohlfahrtiimonas larvae strain KBLOO6 16S ribosomal RNA

3MA6 97,6% Vagococcus fessus strain m2661/98/1 16S ribosomal RNA gene

3MA7 98% Vagococcus fessus strain m2661/98/1 16S ribosomal RNA gene
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Table S2: antimicrobial effects of all screened extracts

Strain growth inhibition [%]
Ecol Paer Saur C. albicans
ATCC25922 Ecol dTolC ATCC27853 ATCC25923 FH2173 Msme ATCC 709

10 10 10 10 10 10 10 10 10 10 10 10
10% BHI MeOH 12 15 6 7 -15 -20 -66 -95 -32 -14 33 33
10% BHI EtOAc 31 -5 34 39 6 -1 1 2 9 -20 23 2
TBS EtOH 29 9 -1 18 -2 7 -16 -60 0 0 0 0
TBS MeOH 23 -5 -23 11 -10 -4 -36 -85 0 0 0 0
8 d1 MeOH -6 6 -1 9 -127 -60 -107 -124 -152 -172 53 62
8 d1 EtOAc 31 46 45 41 -3 -10 -19 -17 -53 -70 15 5
8d6 MeOH 23 -5 24 28 -22 -27 -105 -150 -147 -166 65 33
8d6 EtOAC 16 -9 -13 -5 -4 3 7 3 5 -12 40 23
8d9 MeOH -31 -24 -23 -5 -36 -16 -49 -86 -157 -125 34 39
8d9 EtOAc 3 0 14 13 3 -12 -2 -2 -12 -138 -7 24
13d1 MeOH 20 34 58 67 -9 -50 91  -115 -65 -77 77 70
13d1 EtOAc 1 -7 24 43 -11 -63 4 -6 -15 -101 -16 2
13d6 MeOH 24 27 42 34 10 -63 -48 -53 11 66 81 81
13d6 EtOAc 15 2 12 1 -39 -15 -5 2 -28 43 43 35
13d9 MeOH 18 20 24 15 -3 -8 -46 -54 -21 -72 80 79
13d9 EtOAc 7 -5 -6 -13 14 -18 2 -4 -39 -58 1 37
45d1 MeOH 24 -24 7 26 -7 -23 -113 -122 -120 -182 63 54
45d1 EtOAc 6 -5 32 -2 -6 0 0 -11 -80 -136 2 0
45d6 MeOH -5 11 23 20 -13 -18 -57 -72 -104 -111 73 72
45d6 EtOAC 30 29 12 15 -4 5 4 -2 39 -73 25 -9
45d9 MeOH -2 2 14 12 -17 -19 -66 -79 -58 2 62 59
45d9 EtOAc 30 43 40 35 -4 -18 -6 -21 19 -18 4 -8
70d1 MeOH -3 3 -9 -5 -35 -28 -76 -90 91 -132 44 27
70d1 EtOAc 20 -11 4 -8 3 8 -4 -15 38 -15 -18 -15
70d6 MeOH -12 11 16 13 -9 -11 -35 -30  -105  -106 24 32
70d6 EtOAC 8 10 7 -10 4 -23 0 -7 -11 -18 16 -19
70d9 MeOH -14 6 6 -7 -12 -72 -41 -51 -71 -110 75 71
70d9 EtOAc -16 -7 -12 -5 1 3 4 -24 -30 -98 -13 -18
AB1d1 MeOH 7 22 74 56 -104 -144 -70 -76 -25 -93 9 -19
AB1d1 EtOAc 6 20 13 -2 -11 -3 -30 -60 -10 -105 -17 -25
AB1d6 MeOH 5 38 51 51 -65 -44 -60 -90 -35 -23 2 1
AB1d6 EtOAc 4 19 16 21 15 -2 -50 -62 -127 -50 -7 -4
AB1d9 MeOH 0 19 23 30 -37 -41 -61 -87 -4 -10 -3 -20
AB1d9 EtOAc -3 13 9 -8 -15 -10 -46 -62 -112 -71 -10 -29
AB2d1 MeOH -6 7 11 6 -21 -21  -104 -88  -117 -45 26 20
AB2d1 EtOAc -14 6 9 3 -5 -8 -1 -35 -9 -48 18 8
AB2d6 MeOH 13 4 26 13 -20 -48  -105  -125 20 20 38 35
AB2d6 EtOAc -15 -1 -1 5 -10 -8 -7 -12 7 -2 22 16
AB2d9 MeOH -34 -9 10 19 -20 -20 -72 -106 20 -58 31 26
AB2d9 EtOAc -19 2 -1 5 -6 -4 -1 -9 3 22 17 23
1FF2d1 MeOH 4 21 33 32 -9 -12 -87  -114 -73  -140 -56 -67
1FF2d1 EtOAc 25 21 33 25 -10 -9 -11 -12 -68 -76 -20 3
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1FF2d6 MeOH
1FF2d6 EtOAc
1FF2d9 MeOH
1FF2d9 EtOAc
1MM3d1 MeOH
1MM3d1 EtOAc
1MM3d6 MeOH
1MM3d6 EtOAc
1MM3d9 MeOH
1MM3d9 EtOAc
10d1 MeOH
10d1 EtOAc
10d6 MeOH
10d6 EtOAc
10d9 MeOH
10d9 EtOAc
30d1 MeOH
30d1 EtOAc
30d6 MeOH
30d6 EtOAc
30d9 MeOH
30d9 EtOAc
36d1 MeOH
36d1 EtOAc
36d6 MeOH
36d6 EtOAc
36d9 MeOH
36d9 EtOAc
51d1 MeOH
51d1 EtOAc
51d6 MeOH
51d6 EtOAc
51d9 MeOH
51d9 EtOAc
1FH3d1 MeOH
1FH3d1 EtOAc
1FH3d6 MeOH
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1FH3d9 EtOAc
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2MM1d1 MeOH
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Appendix
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Figure S1: fragmentation pattern of the pseudomolecular ion m/z 760.4677 in the MeOH crude extract of strain 2MH3-2
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Figure S1: 'H NMR (400 MHz, CH3OH-d,,) spectrum of serrawettin W2
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Figure S2: 13C NMR (400 MHz, CH30H-d,,) spectrum of serrawettin W2
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Figure S3: COSY spectrum of serrawettin W2
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Figure S5: HMBC spectrum of serrawettin W2
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