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Abstract 

The majority of the World’s biodiversity remains to be rationally explored, especially the remaining 

Atlantic Forest in Brazil and preeminently the abounding plants bromeliads. Bromeliad tanks (phytotelma) 

act as reservoirs throughout the year, maintaining a complex and high microbial biodiversity. In this context, 

microbial metabolites may offer many biological activities. Studies on the microbial activity associating 

bromeliad are rare, hence, the present work studied the bioprospection of antibiotic and antibiofilm microbial 

metabolites. Six water tank samples were collected from Ilópolis in the Park of Ibama (Rio Grande do Sul, 

Brazil) and aliquots were inoculated in different culture media. Ninety-three microorganisms were isolated 

after primarily selection. Seven microorganisms were chosen to follow the process of fermentation and tested 

as antibiotic and antibiofilm metabolites against Staphylococcus aureus, Staphylococcus epidermidis, and 

Pseudomonas aeruginosa., 35% and 64% fractions have produced antibacterial activity and antibiofilm 

activity against S. aureus, presenting good preliminary results and demonstrating  that the bromeliad are an 

important niche to be explored. 

Highlights 

 Water tank bromeliads as a richness microbial biodiversity with potential compounds with activity 

against microorganisms and biofilm. 

Keywords: Bromeliads, phylloplane, microoraganisms, antibiofilm, antibiotic. 
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1. Introduction 

Search for natural products is predominant to enabling discovery and development of new therapeutic 

agents. The list of breakthrough medicines originated from natural resources is long and their impact are 

widespread as antitumor, anticoagulant and anti-infective drugs. [1–4]. Two important milestones in the 

history of antibiotics were the discovery of penicillin and streptomycin, starting the Golden Age for 

Antibiotics (1940-1960). This process requires sample collection of microorganisms, fermentation, product 

isolation and testing against target organisms. Nearly 47% of the microbial metabolites exhibit some 

biological activity [3,5]. 

The gradual decline in the discovery and development of antibiotic linked to the evolution of 

antimicrobial resistance (AMR), including excessive and inappropriate antimicrobial prescribing during the 

COVID-19 pandemic have been of great concern to researchers [6,7]. The global threat of AMR will persist 

beyond the COVID-19 and bacterial infections unsuccessfully treated due to AMR claim at least 700000 

lives per year, projected to be associated with the deaths of 10 million people per year by 2050, surpassing 

even deaths caused by cancer[8,9].  

Biofilms are an important element to bacterial virulence; it is structurally complex, embedded with 

extracellular polymeric substances (EPS) that confer adaptive resistance and barrier protection [10–12]. 

Eighty percent of bacterial chronic infections are associated to biofilm formation [13]. Antibiotic therapies 

against biofilms frequently require the use of high doses for prolonged time, but often fail to combat 

persistent infections associated with biofilms. Consequently, increasing the cost per hospitalized patient with 

chronic infections and high mortality and morbidity rates [11,14,15]. The most common forms of pathogenic 

bacterial Enterococcus faecalis, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 

P. aeruginosa and Enterobacter spp. [16]. 

Hence, there is an urgent need for alternatives to antibiotics and the development of antibiofilm 

compounds for infection treatment control. Great part of the world’s biodiversity remains to be explored and 

most known species have never been tested for any kind of bioactivity, mainly species in oceans and 

rainforests [5]. The Atlantic Forest is – one of the 34 hotspots in the world and the richest in terms of 

biodiversity – preeminently the bromeliads which are abounding plants in the Atlantic Forest, containing 

about 58 genera with 3140 species [14,15]. Tankforming and bulb-producing epiphytic bromeliads engage 

in beneficial exchanges and provide important microhabitats, originating environment for the development 

of a complex microbial community, as a result of the water containing a high nutrient concentration [19,20]. 

However, only 13% remains of the Atlantic Forest in Brazil and few studies about the great biodiversity and 

bioprospection are performed, especially with water tank (phytotelma) [21–30]. 

Ruivo et al. 2005 and Carmo et al. 2014 has shown great biodiversity in water tank. New yeast species 

Candida bromeliacearum sp. nov. and Candida ubatubensis sp. nov. were isolated from the water tanks of 
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Canistropsis seidelii. 90% of bacteria isolated from the water held in bromeliads tank presented enzymatic 

activity.  

Therefore, as it was possible to observe the lack of studies related to antibiotics and antibiofilm 

activity, the present work aimed to enrich the area providing more knowledge to the subject, as well as the 

importance of the Atlantic Forest, which provides a huge diversity of microorganisms that can lead us to 

more natural products. 

2. Material and Methods 

2.1 Sampling and isolation 

Sampling was conducted collecting water with sterile syringe from bromeliad tanks. Three distinct 

species of bromelias were sampled: Aechmea calyculata (E.Morren) Baker, Vriesea friburgensis Mez and 

Vriesea platynema Gaudich, which were collected from Ilópolis in the Park of Ibama (28°55'59.5"S 

52°08'04.0"O / Rio Grande do Sul state, Brazil). Registered in the Brazilian Environmental Ministry—

platform SISGEN #AD3A66E. Two hundred microliters of water samples were added to agar plates and 

spread with the aid of Drigalsky’s handle on the following media: actinomycetes (ACM), potato dextrose 

agar (PDA), cellulose (CEL), fermentation medium (FM), Luria Bertani agar (LB), milk (M), M1D, R2A, 

R2AM, sabouraud (SB) and yeast extract peptone dextrose (YPD) according to appendix A. The incubation 

was at 25°C for 3-7 days. The isolated was stored in skim milk and 10% glycerol in freezer at -20°C. 

2.2 Metabolites production  

Seven isolated microorganisms were chosen and grown according to Table 1. 1000 uL of bacterial 

inoculum (OD 500nm) was added to Erlenmeyer flasks containing 100 mL of liquid broth. They were 

cultivated at 28 °C under incubator shaker series (New Brunswick Scientific ®) at 150 rpm for 5 days. After 

this period, all cultures were centrifuged (Molecular Devices®) at 10.000 rpm for 10 minutes. The pallet 

was removed and the liquid were filtered in 0.22 µm filter. After this period, liquid–liquid extraction was 

performed with ethyl acetate generating two phases, the phases were divided into two portions: (i) ethyl 

acetate extract (EAE), the organic phase; (ii) residual aqueous phase (AqE). The organic phase extracts were 

concentrated by rotary evaporation. The fraction extracts were frozen and dried by lyophilization (Edwards 

do Brasil®).  

TABLE 1 - Microorganisms isolated from the bromeliad water tank 

Bromeliad species ID 
Microorganisms 

isolated 

Grown 

cultivation 

Aechmea calyculata (E.Morren) Baker  (n1) A7S3 Yeast Sabouraud 

Aechmea calyculata (E.Morren) Baker (n2) A11A3 Bacteria ACM 

Aechmea calyculata (E.Morren) Baker (n2) A11RM1 Bacteria RM 

Vriesea friburgensis Mez (n1) A1M3 Bacteria M1D 

Vriesea friburgensis Mez (n2) A8A4 Bacteria ACM 
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Vriesea platynema Gaudich (n1) A10A2 Yeast ACM 

Vriesea platynema Gaudich (n2) A3S3 Yeast Sabouraud 

2.3 Bacterial growth and biofilm formation assays 

Staphylococcus aureus Newman (ATCC 25904), Staphylococcus epidermids (ATCC 35984) and 

Pseudomonas aeruginosa (ATCC 27853) were cultivated on Muller Hinton agar (Merck®) at 37º C 

overnight. Several colonies were used to make the bacterial suspension in sterile sodium chloride 0.9% to 

achieve an optical density of 0.150 ± 0.010 at OD600 nm. (Spectramax m2) (Dos Reis, S. V et al. 2020).  S. 

aureus, S. epidermids and P. aeruginosa bacterial growth and biofilm formation were evaluated in 96-well 

microtiter. Control of sterility, 40 μL of culture media, tryptic soy broth (TSB) or brain heart infusion (BHI) 

for S. aureus, + 80 uL of saline and 80 uL of sterile water. Solution test: 40 μL of culture media,  

4 μL of fraction test (1mg/mL), 76 μL of sterile water, and 80 uL of bacterial suspension. Positive control 

activity: 80uL antibiotic (gentamicin or vancomycin 20 ug/mL) + 80 uL bacteria suspension + 40 uL media. 

Plates were incubated for 24 h period at 37 °C and measured at OD600 nm.  After the incubation period, the 

content of wells was gently removed and washed 3 times with 0.9 % saline. Subsequential heat to fix the 

biofilm in an oven for 1h at 60°C. 200 uL of Crystal violet (0.4%) was used to stain the bacteria for 15 min. 

The biofilm was eluted with 200 uL of ethanol (99.5%) for 30 min without shaking. Absorbance was 

measured at OD570 nm. The sterility control of was used as spectrophotometric blank [31].  

3. Statistical analysis   

All statistical analyzes were performed using GraphPad Prism. The data concerning the bacterial 

growth and biofilm assays were analyzed by one-way analysis of variance (ANOVA) with Dunnett multiple 

comparison test, with a 5% significance level. 

4. Results  

4.1 Sample collection and isolation 

Ninety and three microorganisms were isolated both bacteria and fungi (Table 2).  38% of the isolates 

were collected from the plant Vriesea friburgensis Mez, 34% Aechmea calyculata (E.Morren) Baker and 

28% Vriesea platynema Gaudich.  

TABLE 2 -Frequency of the microorganisms isolated from the bromeliad water tank 

    Bromeliad   

Culture media used 

Aechmea calyculata 

(E.Morren) Baker  

Vriesea friburgensis 

Mez  

 Vriesea platynema 

Gaudich 

(n= 2) (n= 2) (n= 2) 

Actinomycetes media 4 3 2 

Cellulose media 6 4 3 

Fermentation medium   2 6 2 

Miller's LB Broth Base  3 3 2 

Milk agar  2 3 2 

M1D media 1 3 7 
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Potato agar media 1 1 0 

R2A media 1 2 0 

R2AM media 6 1 2 

Sabouraud media 5 4 3 

Yeast extract peptone 

dextrose   
1 5 3 

Total number of isolates 32 35 26 

The criteria selection follows of seven microorganisms: a) selective actinomycetes b) growth in 24 

hours and c) different morphologically. 

4.2 Antibacterial and antibiofilm activities test 

Fraction (1 mg/mL) were evaluated concerning their antibiofilm and antibacterial activities against S. 

aureus and S. epidermidis and thirteen fraction extracts were test against P. aeruginosa. Fractions produced 

antibiotic activity against Staphylococcus aureus, 27% A3S3-O (p= 0,0157), 47% A7S3-A (p<0,0001), 43% 

A7S3-O (p<0,0001) 27% A11RM1-A (p=0,0016) and 21% A10A2-O (p=0,0032) bacterial growth. Three 

fractions produced antibiofilm activity without inhibiting bacterial growth displaying an inhibition of 71% 

for A1M3-O (p<0,0001), 63% for A11RM1-O (p<0,0001) and 23% for A11A3-O (p<0,0001) upon biofilm 

formation of S. aureus (Fig.1a). 

Six fraction extracts produced antibiotic against S. epidermids with inhibitions of 49% for A3S3-A, 37% 

for A3S3-O, 56% for A7S3-A, 55% for A7S3-O, for A8A3 38% and 49% for A11A3-O with a significant 

difference in relation to the bacterial growth control (p < 0.05). No significant difference in relation biofilm 

formation was observed. (Fig.1b). 

One extract demonstrated antibiotic activity against P. aeruginosa A3S3-O and reduced 19% of bacterial 

growth (p < 0.05). A10A2-A inhibited 22% (p<0.05) of biofilm formation. (Fig.1c).  

 

a 
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Figure 1. In vitro antibiofilm and antibacterial activity of Staphylococcus aureus Newman (a), Staphylococcus epidermidis (b) 

and Pseudomonas aeruginosa (c). Bars represent the mean ± SD. The data concerning the bacterial growth and biofilm assays were 

analyzed by one-way analysis of variance (ANOVA) with Dunnett multiple comparison test. ****Represents statistical 

significance p ≤ 0.0001. ** Represents statistical significance p≤,0,01. * Represents statistical significance p≤0,05. 

5. Discussion 

Herein we presented the isolation of bromelia-associated microorganisms and the successful metabolite 

production aiming antibiotic and antibiofilm activity against pathogenic bacteria. The approach used to 

isolate microorganisms retrieves a high number of isolates corroborating with other biodiversity studies 

associated to bromeliads[22,23,29,32]. It is important to emphasize the microbiological importance of this 

ecosystem, since over the last 14 years, 22 new yeast species were discovered in association with bromeliads 

 b 

c 
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[21]. Our results showed a high biodiversity, including bacteria, yeasts and fungi. After a preliminary 

selection (selective actinomycetes, growth in 24 hours and different morphologically) and cultivation of 

seven microorganisms, we achieve significant results for six isolates, particularly against the important 

pathogen S. aureus. This high activity is related to environmental challenges these microorganisms face in 

nature, i. e. variable water condition (dry and wet climate seasons) [33], attack of other microbial enemies 

[34] and synergetic interactions with the bromelia plant [35]. Altogether, these challenges impose an 

evolutionary pressure on these microorganisms forcing them to produce particular metabolites of all classes. 

Previous report showed that 80% of the isolated yeast possesses at least one enzymatic activity, especially, 

protease activity is predominant, followed by xylanase, amylase, pectinase and cellulase activities[22]. 

Moreover, metagenomics studies had identified Actinobacteria (12%) and the genus Streptomyces both in 

water tanks and other isolates with great versatility in the production of enzymes. [19,23, [36], further studies 

are required, as 60% of new antibiotic were isolated from actinobacteria [4]. Consequently, phytotelma is 

rich in biodiversity and has biotechnological potential, microorganisms present in the water tank can be an 

applicable resource for bioprospection and pharmacological prospective antibiotic agents. Resistant bacteria 

are one of the major problems that challenges the public health of the 21st century. Therefore, the discovery 

of new antibacterial and antibiofilm substances are extremely necessary. 

The results herein obtained has shown 35% antibacterial activity against S. aureus. The best result 

obtained decreased bacterial growth by half (A7S3-A and A7S3-O), this great preliminary result can be 

enhanced after performing other extraction methods, such as chromatography column. The antibacterial 

activity corroborates with the study of Araujo et al [19] that 4/100 strains produce strong suppression against 

S. aureus. Furthermore, the extract A7S3 both the aqueous and the organic phase obtained an antibacterial 

activity against S. epidermidis. However, A7S3 has obtained similar results in both aqueous and organic 

phase, so it will be necessary to use other solvents for liquid-liquid separation. 

As far we know, this work is the first to test the antibiofilm activity of the secondary metabolites 

produced by microorganisms in water tank from bromeliad. Good preliminary results were obtained, 64% 

fractions have produced antibiofilm activity against S. aureus, the range up 60% inhibit biofilm formation, 

considered between a high and good range in accordance with Yuyama et al [24] who acknowledge the range 

of 100–70% as high, 69–40% as good and 39–20% as moderate for biofilm inhibition. The resulted fraction 

A1M3-O, A11RM1-O and A11A3-O were capable to inhibit S. aureus Newman biofilm without interfering 

in bacterial growth. 

The isolates A3S3 and A7S3 were phenotypically characterized by means of macro/micro-

morphological are similar genus Rhodotorula, this result collaborates with Patricia Valente et al [23], who 

found ten different species of this genus, the isolates were not found in the water accumulated inside the 

bromeliad tank, but endophytic isolates and bromeliad flower. 
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Water tank bromeliads has a richness microbial biodiversity with potential biotechnology. It is important 

to perform molecular identification of the isolates, antibacterial and antibiofilm activity, considering that 

just 7.5% of isolates was tested. We emphasize the importance of performing fractionation of the extracts in 

the future for possible characterization of secondary metabolites.  

6. Conclusion 

One of the main tasks of applied microbiology to biotechnology is to develop procedures to discover 

new microbial metabolites within a wide diversity, the correlation between biodiversity and biotechnology 

which in this context can be seen as a vast reservoir of active metabolites against pathogenic microbial, 

where biofilm activity showed to be the most promise. Especially acting in inhibiting biofilm growth against 

S.aureus. This work obtained great preliminary results and encouragement to test antimicrobial activities 

using the isolated microorganisms from the bromeliad water tank. It also highlights the richness of the 

microorganisms that inhabit the Atlantic Forest and the importance of nature preservation. 
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Appendix. Supplementary data 

 
Media Broth agar  trademark 

actinomycetes (ACM) 

actinomycete agar 22g/L Difco ® 

sodium chloride 24g/L Nuclear® 

magnesium chloride 11g/L Synth® 

glycerol 5g/L Synth® 

potato dextrose (P)  35 g/L Merck ® 

cellulose (CEL) 

sodium sulphate 3g/L Dinâmica® 

sulphate magensium 1g/L Dinâmica® 

monopotassium 

phosphate 
1g/L Dinâmica® 

carboxymethylcellulose 5g/L Dinâmica® 

yeast extract 0,6 g Hymedia® 

sodium chloride 24 g Hymedia® 

magnesium chloride 11g Synth® 

fermentation medium 

(FM) 

amide 3g/L Hymedia® 

glucose 1g/L Hymedia® 

peptone 1g/L Hymedia® 

sodium chloride 24g/L Nuclear® 

magnesium chloride 11g/L Synth® 

agar 17g/L Merck ® 

Miller's LB Broth 

Base (LB) 
 35 g/L Merck ® 

milk agar 
milk 10g/L Nestlé ® 

agar 17g/L Merck ® 

M1D 

sulphate magensium 5g/L Dinâmica® 

yeast extract 1g/L Hymedia® 

peptone 1g/L Hymedia® 

sodium chloride 24g/L Nuclear® 

magnesium chloride 11g/L Synth® 

agar 20g/L Merck ® 
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R2A  18,2 g 

/L 
Merck ® 

R2AM 

R2A agar 
18,2 

g/L 
Merck ® 

sodium chloride 24g/L Nuclear® 

magnesium chloride 11g/L Synth® 

glycerol 5g/L Synth® 

sabouraud (S) 

dextrose 40g/L Hymedia® 

peptone 10g/L Hymedia® 

agar 20g/L Merck ® 

yeast extract peptone 

dextrose (YPD) 

yeast extract 10g/L Hymedia® 

peptone 20g/L Hymedia® 

glucose 20g/L Hymedia® 

agar 17g/L Merck ® 
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existing methods should also be described. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat them. A combined Results 

and Discussion section is often appropriate. Avoid extensive citations and discussion of published 
literature. 

Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, which may stand 
alone or form a subsection of a Discussion or Results and Discussion section. 

Glossary 

Please supply, as a separate list, the definitions of field-specific terms used in your article. 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in 
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, 
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc. 

Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid 
abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) 
of each author and check that all names are accurately spelled. You can add your name between 
parentheses in your own script behind the English transliteration. Present the authors' affiliation 
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower- 
case superscript letter immediately after the author's name and in front of the appropriate address. 
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing 
and publication, also post-publication. This responsibility includes answering any future queries about 
Methodology and Materials. Ensure that the e-mail address is given and that contact details 
are kept up to date by the corresponding author. 
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• Present/permanent address. If an author has moved since the work described in the article was 
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as 
a footnote to that author's name. The address at which the author actually did the work must be 
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes. 

Highlights 
Highlights are mandatory for this journal as they help increase the discoverability of your article via 
search engines. They consist of a short collection of bullet points that capture the novel results of your 
research as well as new methods that were used during the study (if any). Please have a look at the 
examples here: example Highlights. 
 

Highlights should be submitted in a separate editable file in the online submission system. Please use 
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, 

per bullet point). 

Abstract 
A concise and factual abstract is required. The abstract should state briefly the purpose of the 

research, the principal results and major conclusions. An abstract is often presented separately from 
the article, so it must be able to stand alone. For this reason, References should be avoided, but if 
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should be 
avoided, but if essential they must be defined at their first mention in the abstract itself. 

Graphical abstract 

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online 
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form 
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a 
separate file in the online submission system. Image size: Please provide an image with a minimum of 
531 × 1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 × 13 
cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. 
You can view Example Graphical Abstracts on our information site. 
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images 
and in accordance with all technical requirements. 

Keywords 
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and 
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing 
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords 
will be used for indexing purposes. 

Abbreviations 

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of 

the article. Such abbreviations that are unavoidable in the abstract must be defined at their first 
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section at the end of the article before the references and do 
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those 
individuals who provided help during the research (e.g., providing language help, writing assistance 
or proof reading the article, etc.). 

Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's requirements: 

 

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; 
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of 
Peace [grant number aaaa]. 
 

It is not necessary to include detailed descriptions on the program or type of grants and awards. When 
funding is from a block grant or other resources available to a university, college, or other research 
institution, submit the name of the institute or organization that provided the funding. 
 

If no funding has been provided for the research, it is recommended to include the following sentence: 
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This research did not receive any specific grant from funding agencies in the public, commercial, or 
not-for-profit sectors. 

Units 

Follow internationally accepted rules and conventions: use the international system of units (SI). If 
other units are mentioned, please give their equivalent in SI. 

Math formulae 

Please submit math equations as editable text and not as images. Present simple formulae in 
line with normal text where possible and use the solidus (/) instead of a horizontal line for small 
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often 
more conveniently denoted by exp. Number consecutively any equations that have to be displayed 
separately from the text (if referred to explicitly in the text). 

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word 
processors build footnotes into the text, and this feature may be used. Should this not be the case, 
indicate the position of footnotes in the text and present the footnotes themselves separately at the 
end of the article. 

Artwork 
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Indicate per figure if it is a single, 1.5 or 2-column fitting image. 

• For Word submissions only, you may still provide figures and their captions, and tables within a 
single file at the revision stage. 
• Please note that individual figure files larger than 10 MB must be provided in separate source files. 

 

A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed information are given here. 
Formats 

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or 

convert the images to one of the following formats (note the resolution requirements for line drawings, 
halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'. 

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF 
(or JPG): Bitmapped line drawings: use a minimum of 1000 dpi. 
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is 
required. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low. 
• Supply files that are too low in resolution. 

• Submit graphics that are disproportionately large for the content. 

Color artwork 

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or 

MS Office files) and with the correct resolution. If, together with your accepted article, you submit 
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in 
color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further 
information on the preparation of electronic artwork. 

Figure captions 

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure 
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but 
explain all symbols and abbreviations used. 
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Tables 
Please submit tables as editable text and not as images. Tables can be placed either next to the 
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in 
accordance with their appearance in the text and place any table notes below the table body. Be 
sparing in the use of tables and ensure that the data presented in them do not duplicate results 
described elsewhere in the article. Please avoid using vertical rules and shading in table cells. 

References 
Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and vice 
versa). Any references cited in the abstract must be given in full. Unpublished results and personal 
communications are not recommended in the reference list, but may be mentioned in the text. If these 
references are included in the reference list they should follow the standard reference style of the 
journal and should include a substitution of the publication date with either 'Unpublished results' or 
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted 
for publication. 

Reference links 

Increased discoverability of research and high quality peer review are ensured by online links to 
the sources cited. In order to allow us to create links to abstracting and indexing services, such as 
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please 
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link 
creation. When copying references, please be careful as they may already contain errors. Use of the 
DOI is highly encouraged. 
 

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article. 
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., 
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath 
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. 
Please note the format of such citations should be in the same style as all other references in the paper. 

Web references 

As a minimum, the full URL should be given and the date when the reference was last accessed. Any 

further information, if known (DOI, author names, dates, reference to a source publication, etc.), 
should also be given. Web references can be listed separately (e.g., after the reference list) under a 
different heading if desired, or can be included in the reference list. 

Data references 

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in 
your text and including a data reference in your Reference List. Data references should include the 
following elements: author name(s), dataset title, data repository, version (where available), year, 
and global persistent identifier. Add [dataset] immediately before the reference so we can properly 
identify it as a data reference. The [dataset] identifier will not appear in your published article. 

References in a special issue 

Please ensure that the words 'this issue' are added to any references in the list (and any citations in 
the text) to other articles in the same Special Issue. 

Reference management software 

Most Elsevier journals have their reference template available in many of the most popular reference 
management software products. These include all products that support Citation Style Language 
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the 
appropriate journal template when preparing their article, after which citations and bibliographies will 
be automatically formatted in the journal's style. If no template is yet available for this journal, please 
follow the format of the sample references and citations as shown in this Guide. If you use reference 
management software, please ensure that you remove all field codes before submitting the electronic 
manuscript. More information on how to remove field codes from different reference management 
software. 

Reference formatting 

There are no strict requirements on reference formatting at submission. References can be in any 
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/ 
book title, chapter title/article title, year of publication, volume number/book chapter and the article 
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by 
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the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data 
will be highlighted at proof stage for the author to correct. If you do wish to format the references 
yourself they should be arranged according to the following examples: 

Reference style 

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors 
can be referred to, but the reference number(s) must always be given. 
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result    ' 

List: Number the references (numbers in square brackets) in the list in the order in which they appear in 
the text. 
Examples: 

Reference to a journal publication: 

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun. 
163 (2010) 51–59. https://doi.org/10.1016/j.Sc.2010.00372. 

Reference to a journal publication with an article number: 

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon. 
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205. 

Reference to a book: 

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000. 
Reference to a chapter in an edited book: 
[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z. 
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281–304. 
Reference to a website: 
[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/ 
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003). 

Reference to a dataset: 

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt 
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/ 
xwj98nb39r.1. 
Reference to software: 
[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. Manzini, E. Shelef, 

K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S. Karra, S. Painter, E. Jafarov, S. Molins, Advanced 
Terrestrial Simulator (ATS) v0.88 (Version 0.88), Zenodo, March 25, 2020. https://doi.org/10.5281/ 
zenodo.3727209. 

Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word Abbreviations. 

Nomenclature of Microorganisms Binominals should be used in accordance with the International Rules 
of Nomenclature. 
Bionominals should be underlined in the typewritten copy. A specific name should be written in full 
where it occurs first in the text and again in the summary. 
Genetic Nomenclature Use standard genetic nomenclature in accordance with the recommendations 
of Demeric et al. (Genetics 1966;54:61-76 or J Gen Microbiol 1968;50:1-14) and Bachmann and Low 
(Microbial Rev 1980;44:1-56) for bacteria, Novick et al. (Bact Rev 1976;40:168-89, Low (Bact Rev 
1972;36:587-607), Campbell et al (Gene 1979;5:197-206 for plasmids and transposons, and Roberts 
(Nucleic Acids Res 1981; 9:r75-r96 for restriction enzymes and DNA fragments. Mutant and plasmid 
numbers as well as DNA sequences should be registered at the corresponding registry whenever such 
has been established. (E.Coli Genetic Stock Center, Yale University School of Medicine, PO Box 333., 
New Haven, CT 06510, USA: Salmonella Genetic Stock Center, Department of Biology, University of 
Calgary, Calgary, Alberta, Canada T2N 1NA; For Staphylococcus aureus: Peter and Pattee, Department of 
Microbiology, Stanford University School of Medicine, Stanford, CA 94305, USA; information of nucleic 
acid sequence data banks from Walter Goad, Los Alamos National Laboratory, PO Box 1663, Los 
Alamos, NM 87545, USA. 
DNA sequences and GenBank Accession numbers Many Elsevier journals cite ''gene accession 
numbers'' in their running text and footnotes. Gene accession numbers refer to genes or DNA 
sequences about which further information can be found in the databases at the National Center 
for Biotechnical Information (NCBI) at the National Library of Medicine. Elsevier Authors wishing to 
enable other scientists to use the accession numbers cited in their papers via links to these sources, 
should type this information in the following manner: For each and every accession number cited in 
an article, authors should type the accession number in bold, underlined text. Letters in the accession 
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number should always be capitalised. (See Example below). This combination of letters and format 
will enable Elsevier's typesetters to recognise the relevant texts as accession numbers and add the 
required link to GenBank's sequences. 
Example: " GenBank accession nos. AI631510, AI631511, AI632198, and BF223228), a B-cell tumor 
from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma 
(GenBank accession no. AA361117)". 
Authors are encouraged to check accession numbers used very carefully. An error in a letter or number 
can result in a dead link. In the final version of the printed article, the accession number text will not 
appear bold or underlined. In the final version of the electronic copy, the accession number text will 
be linked to the appropriate source in the NCBI databases enabling readers to go directly to that source 
from the article 

Video 
Elsevier accepts video material and animation sequences to support and enhance your scientific 
research. Authors who have video or animation files that they wish to submit with their article are 
strongly encouraged to include links to these within the body of the article. This can be done in the 
same way as a figure or table by referring to the video or animation content and noting in the body 
text where it should be placed. All submitted files should be properly labeled so that they directly 
relate to the video file's content. In order to ensure that your video or animation material is directly 
usable, please provide the file in one of our recommended file formats with a preferred maximum size 
of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in the 
electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' 
with your files: you can choose any frame from the video or animation or make a separate image. 
These will be used instead of standard icons and will personalize the link to your video data. For more 
detailed instructions please visit our video instruction pages. Note: since video and animation cannot 
be embedded in the print version of the journal, please provide text for both the electronic and the 
print version for the portions of the article that refer to this content. 

Data visualization 
Include interactive data visualizations in your publication and let your readers interact and engage 
more closely with your research. Follow the instructions here to find out about available data 
visualization options and how to include them with your article. 

Supplementary material 
Supplementary material such as applications, images and sound clips, can be published with your 
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel or 
PowerPoint files will appear as such online). Please submit your material together with the article and 
supply a concise, descriptive caption for each supplementary file. If you wish to make changes to 
supplementary material during any stage of the process, please make sure to provide an updated file. 
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option in 
Microsoft Office files as these will appear in the published version. 

Supplementary e-component is allowed only when authors exceed the number of allowed figures and 
for indispensable information. 

Research data 
This journal encourages and enables you to share data that supports your research publication where 
appropriate, and enables you to interlink the data with your published articles. Research data refers to 
the results of observations or experimentation that validate research findings. To facilitate 
reproducibility and data reuse, this journal also encourages you to share your software, code, models, 
algorithms, protocols, methods and other useful materials related to the project. 
 

Below are a number of ways in which you can associate data with your article or make a statement 
about the availability of your data when submitting your manuscript. If you are sharing data in one of 
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to 
the "References" section for more information about data citation. For more information on depositing, 
sharing and using research data and other relevant research materials, visit the research data page. 

Data linking 

If you have made your research data available in a data repository, you can link your article directly to 
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with 
relevant repositories, giving readers access to underlying data that gives them a better understanding of 
the research described. 
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There are different ways to link your datasets to your article. When available, you can directly link 
your dataset to your article by providing the relevant information in the submission system. For more 
information, visit the database linking page. 
 

For supported data repositories a repository banner will automatically appear next to your published 

article on ScienceDirect. 
 

In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; 
PDB: 1XFN). 

Mendeley Data 

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and 
processed data, video, code, software, algorithms, protocols, and methods) associated with your 
manuscript in a free-to-use, open access repository. During the submission process, after uploading 
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley 
Data. The datasets will be listed and directly accessible to readers next to your published article online. 
 

For more information, visit the Mendeley Data for journals page. 

Data in Brief 

You have the option of converting any or all parts of your supplementary or additional raw data into a 
data article published in Data in Brief. A data article is a new kind of article that ensures that your data 
are actively reviewed, curated, formatted, indexed, given a DOI and made publicly available to all 
upon publication (watch this video describing the benefits of publishing your data in Data in Brief). 
You are encouraged to submit your data article for Data in Brief as an additional item directly alongside 
the revised version of your manuscript. If your research article is accepted, your data article will 
automatically be transferred over to Data in Brief where it will be editorially reviewed, published open 
access and linked to your research article on ScienceDirect. Please note an open access fee is payable 
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please use this 
template to write your Data in Brief data article. 

Data statement 

To foster transparency, we encourage you to state the availability of your data in your submission. 

This may be a requirement of your funding body or institution. If your data is unavailable to access or 
unsuitable to post, you will have the opportunity to indicate why during the submission process, for 
example by stating that the research data is confidential. The statement will appear with your 
published article on ScienceDirect. For more information, visit the Data Statement page. 

AFTER ACCEPTANCE 

Online proof correction 
To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof 
corrections within two days. Corresponding authors will receive an e-mail with a link to our online 
proofing system, allowing annotation and correction of proofs online. The environment is similar to 
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions 
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing 
you to directly type your corrections, eliminating the potential introduction of errors. 
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions 
for proofing will be given in the e-mail we send to authors, including alternative methods to the online 
version and PDF. 
We will do everything possible to get your article published quickly and accurately. Please use this 
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and 
figures. Significant changes to the article as accepted for publication will only be considered at this 
stage with permission from the Editor. It is important to ensure that all corrections are sent back 
to us in one communication. Please check carefully before replying, as inclusion of any subsequent 
corrections cannot be guaranteed. Proofreading is solely your responsibility. 

Offprints 
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free 
access to the final published version of the article on ScienceDirect. The Share Link can be used for 
sharing the article via any communication channel, including email and social media. For an extra 
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charge, paper offprints can be ordered via the offprint order form which is sent once the article 

is accepted for publication. Both corresponding and co-authors may order offprints at any time 
via Elsevier's Author Services. Corresponding authors who have published their article gold open 
access do not receive a Share Link as their final published version of the article is available 
open access on ScienceDirect and can be shared through the article DOI link. 

AUTHOR INQUIRIES 

Visit the Elsevier Support Center to find the answers you need. Here you will find everything 
from Frequently Asked Questions to ways to get in touch. 
You can also check the status of your submitted article or find out when your accepted article 
will be published. 
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