
Additional file 1 to Tinta et al. Jellyfish detritus supports niche partitioning and metabolic 1 

interactions among marine bacteria 2 

Detailed Methodology: description of sample preparation, processing and 3 

analytical pipeline related to metagenomes and proteome analysis 4 

Metagenomes 5 

Sample preparation and sequencing 6 

Bacterial biomass was collected onto 0.22 µm polyether sulfone membrane filters (PALL Inc.) 7 

by filtering 2 L of the bacterial inoculum before the start of the experiments and 2 L of each of 8 

the triplicate control treatments and 0.5 L of each of the triplicate jellyfish treatments at 32h 9 

when the peak in bacterial abundance was reached in the jellyfish treatment. Total nucleic acids 10 

were extracted following the protocol published elsewhere [1] with some modifications for the 11 

extraction from filters. For details of the extraction protocol please see Supplementary Material 12 

S Info 5 and [2]. We have sequenced the metagenome of the coastal microbiome (by pooling 13 

DNA extracted from the bacterial inoculum used to set up each of the two experiments) and of 14 

the communities from jelly-OM and the control treatments (by pooling DNA extracted from 15 

each, the triplicate jelly-OM and the control flasks). All three metagenomic DNA libraries were 16 

constructed individually (Westburg kit, enzymatic shearing) and sequenced on one lane of the 17 

HiSeqV4 Illumina platform at the Vienna Biocenter Core Facilities. 18 

Data analysis pipeline 19 

Paired-end reads were assembled from each metagenome with MEGAHIT v.1.1.1 with default 20 

setting[3]. Gene prediction was performed with Prodigal under metagenomic mode (-p meta) 21 

[4]. Functional annotation for predicted gene was performed by searching against EggNOG 22 

database v5.0 using eggNOG-mapper v2 [5]. The predicted gene was further annotated against 23 



dbCAN database [6, 7] and MEROPs database [8] for CAZyme and peptidase identification, 24 

respectively. Taxonomic affiliation of the predicted genes was identified using the lowest 25 

common ancestor algorithm adapted from DIAMOND 0.8.36 blast [9]by searching against the 26 

NCBI non-redundant (NR) database [10]. The top 10% hits with an e-value <1 x 10 -5 were 27 

used for phylogenetic assignment (–top 10). Reads recruitment was performed using the BWA 28 

algorithm (bwa mem) (0.7.16a) [11] to evaluate the gene abundance. The gene abundance was 29 

estimated by the number of mapped reads and normalized as follows: RPM (mapped reads per 30 

million) = 106 x (mapped reads/gene length)/sum of (mapped reads/gene length). For MAG 31 

construction, paired-end reads from each metagenome were pooled for co-assembled using 32 

MEGAHIT v.1.1.1. Two separate automatic binning algorithms, MaxBin and MetaBAT (2.15), 33 

were employed for binning [12, 13] . The generated genomic bins were de-replicated and 34 

refined with Metawrap (bin_refinement) [14]. Bins with >70% completeness and <10% 35 

contamination were kept for downstream analysis (-c 70, x 10). To determine the abundances 36 

of the bins across samples, short reads from each metagenome were mapped to the bins using 37 

the Metawrap function “quant_bins.” 38 

Proteomes 39 

Protein extraction from filters: Filters were ground into small pieces with a sterile metal spatula 40 

after submerging the tubes with the filters into liquid nitrogen. Filter pieces were resuspended 41 

in lysis buffer (100mM Tris-HCl pH 7.4, 1% SDS, 150mM NaCl, 1mM DTT, 10mM EDTA) 42 

and cells were lysed with five freeze-and-thaw cycles. After centrifugation (20,000 g at 4°C 43 

for 25 min) the supernatant was transferred into a tube and proteins were co-precipitated with 44 

0.015% deoxycholate and 6% trichloroacetic acid (TCA) on ice for 1h and washed once with 45 

ice-cold acetone according to the protocol of [15]. Dried protein pellets were resuspended in 46 

50 µL of 8 M urea containing 4% SDS and protein concentrations were measured with the 47 

bicinchoninic acid (BCA) assay using BSA as a standard. Between 10-50 µg of protein were 48 



subjected to denaturing polyacrylamide gel-electrophoresis (SDS-PAGE), stained with 49 

Coomassie staining solution and de-stained in 40% (v/v) methanol containing 2% (v/v) acetic 50 

acid as described in [16]. Gel bands were excised without fractionating the bands, cut into 1 x 51 

1 mm pieces on a sterile glass plate and transferred into protein-low binding tubes (Eppendorf). 52 

Gel pieces were de-stained with 25 mM triethylammonium bicarbonate buffer containing 50% 53 

acetonitrile at room temperature overnight, followed by 100% acetonitrile incubation and dried. 54 

Next, cysteines were reduced and alkylated with 10 mM DTT and 55 mM iodoacetamide 55 

(IAA), respectively, as described by [17]prior to overnight trypsin digestion at 37°C according 56 

to [16]. Trypsin digestion was terminated by adding trifluoroacetic acid (TFA) to the samples 57 

(1% final concentration in 50% acetonitrile). Samples were desalted using Pierce C18 Tips 58 

(Thermo Scientific) according to manufacturer’s instructions. Prior the LC MS/MS analyses, 59 

samples were dissolved in 0.1% formic acid and 2% acetonitrile and transferred into 60 

microinserts sealed with aluminium caps. Beforehand, peptides were quantified using Pierce 61 

quantitative fluorometric peptide assay (Thermo Scientific) according to manufacturer’s 62 

protocol. The concentration of peptides ranged from 22±11 ng μL-1 to 49±11 ng μL-1 in control 63 

and jellyfish treatments, respectively.  64 

Protein extraction from filtrate: Proteins were precipitated with 9 volumes of 96% EtOH at -65 

20°C overnight for purification. Protein pellets were resuspended with 50 mM TEAB buffer 66 

(Sigma) and quantified using Pierce 660nm Protein Assay Reagent (ThermoFisher). 67 

Thereafter, cysteines were reduced and alkylated as described above, followed by another 68 

protein precipitation with 9 volumes of 96% EtOH at -20°C overnight. Again, pellets were 69 

resuspended in 50 mM TEAB, followed by overnight in-solution trypsin (Roche) digestion 70 

(1:100, w/w) at 37°C. TFA was added to the samples at 1% final concentration to terminate 71 

trypsin digestion. Samples were desalted using Pierce C18 Tips (Thermo Scientific) according 72 

to the manufacturer’s protocol. Prior the LC MS/MS analyses, digested peptides were dissolved 73 



in 0.1% formic acid and 2% acetonitrile and transferred into micro-inserts sealed with 74 

aluminium caps. Before the run, the concentration of peptides was measured using Pierce 75 

Quantitative fluorometric peptide assay (Thermo Scientific). Concentration of peptides ranged 76 

from 18±5 ng μL-1 to 55±30 ng μL-1 for control and jellyfish treatments, respectively. 77 

LC-MS/MS Analysis and Peptide Identification 78 

Five μL of desalinated peptides were analyzed on Orbitrap Elite mass spectrometer (Thermo 79 

Fisher Scientific) as previously described [18]. The MS/MS spectra from each proteomic 80 

sample was searched using SEQUEST engines against predicted gene category and validated 81 

with Percolator in Proteome Discoverer 2.1 (Thermo Fisher Scientific) by employing the 82 

settings described in [19]. Briefly, to reduce the probability of false peptide identification, the 83 

target–decoy approach was used and results <1% FDR at the peptide level were kept [20]. A 84 

minimum of two peptides and one unique peptide was required for protein identification. 85 

Protein quantification was conducted with a chromatographic peak area-based label-free 86 

quantitative method [21].  87 
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