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SUPPORTING INFORMATION 662 

Bacteriophages isolation. Briefly, 50 mL of freshly collected influent was centrifuged for 20 min 663 

at 8,500 g. The supernatant was filtered through 0.22 µm cellulose acetate syringe filter (VWR, 664 

Radnor, PA) and then mixed with 50 mL of LB broth and 50 mL of exponentially growing cultures 665 

of each Acinetobacter isolates mentioned above. This mixture was incubated at 37 °C for 24 h 666 

before cells lysis by injecting 1% v/v chloroform. After 2 h incubation at room temperature and 667 

100 rpm agitation, the mixture was centrifuged at 8,500 g for 30 min and the supernatant was 668 

filtered to remove remaining bacterial cells. Aliquots of 100 µL of the filtered supernatant were 669 

used to identify the presence of plaques using the double layer method. Single plaques were then 670 

isolated with inoculating loops, transferred to SM buffer and filtered to remove bacterial cells. 671 

After propagating several times, the plaque forming units (PFU/mL) were determined for each of 672 

the three bacteriophages.  673 

 674 

RNA extraction and amplicon sequencing analysis. RNA extraction was performed with the 675 

RNeasy midi kit (Qiagen, Hilden, Germany), including a DNase treatment step. RNA 676 

concentration was quantified with Invitrogen RNA HS Qubit 2.0 assay kit (Thermo Fisher 677 

Scientific, Carlsbad, CA, US). RNA was then reverse transcribed into first-strand complementary 678 

DNA using the Invitrogen SuperScriptTM First-strand Synthesis System (Thermo Fisher Scientific, 679 

Carlsbad, CA, US). Starting from this DNA 16S rRNA genes was amplified using the 515F (5’- 680 

Illumina overhang- GTG YCA GCM GCC GCG GTA A-3’) and 907R (5’- Illumina overhang- 681 

CCC CGY CAA TTC MTT TRA GT-3’) primers pair. DNA amplicons were then submitted to 682 

KAUST genomic core lab for unidirectional sequencing on Illumina MiSeq platform. Raw 683 

amplicons sequences were sorted on a Phred score > 30, before primers, adapters and index 684 
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sequences removal. UCHIME was used to remove sequence chimeras (53). For each sample, a 685 

subset of 100,000 sequences were analyzed and 16S rRNA gene sequences were annotated for 686 

their taxonomical assignments using RDP classifier at a 95% confidence level (54). 16S rRNA 687 

gene copy number adjustment for each taxonomical unit was also performed. To assess the impact 688 

of the different treatment on Acinetobacter-related taxa and, in general on the whole biofilm 689 

structure, the bacterial community was characterized in terms of relative abundance of genus level.  690 

 691 

OCT images analysis. 3-D cross-sectional scans of 800 × 800 × 516 pixels (width × length × 692 

depth), corresponding to a volume of 8.0 x 8.0 × 1.4 mm were acquired. The image analysis on 693 

the OCT scans was performed through a customized MATLAB code. The data sets corresponding 694 

to the 3D OCT cross sectional scans were visualized by using Avizo software. The membrane and 695 

biofilm were defined using Avizo's segmentation editor. The 3D rendering volume was generated 696 

to visualize over time the effect of the bacteriophage treatment on the biofilm deposited on the 697 

membrane surface. 698 

  699 

Effect of UV-C and bacteriophages application order. For all the experiments in this study, the 700 

combination of UV-C and bacteriophages cocktail was applied by infecting the biofilm with 701 

phages at the beginning of the treatment, while UV-C was irradiated at 100 mJ/cm2 after 3 and 6 702 

h (UV-C + Bacteriophages). To assess if the order of applying UV-C and bacteriophages would 703 

affect the treatment efficacy, a separate experiment was made in which UV-C was applied before 704 

bacteriophages was spiked. In this treatment, bacteriophages were not exposed to UV-C. This 705 

treatment was named “Independent UV-C + bacteriophages”.  To elucidate, membrane biofilm 706 

was harvested at a TMP of 60 kPa and processed as described in section “Membrane harvesting 707 
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and treatments application”. One fouled membrane piece of dimensions 2 by 2 cm was treated 708 

with the usual UV-C + bacteriophages treatment described in the section “Membrane harvesting 709 

and treatments application”, while another piece with the same dimension was first irradiated with 710 

the same UV-C intensity (200 mJ/cm2) and subsequently infected with the bacteriophages cocktail 711 

for 6 h in the absence of UV-C. A non-treated fouled membrane piece was used as control. 712 

Antifouling effect was characterized in terms of total cells number and proteins and 713 

polysaccharides concentration. The same analyses were conducted as described in section 714 

“Biofilm characterization” to assess the efficacy of these treatment. 715 

 716 

 717 

 718 

 719 
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 720 

 721 
 722 

Figure S1. Transmission electron microscopy 

images of the isolated Acinetobacter junii (A), 

Acinetobacter modestus (B) and 

Acinetobacter seohaensis (C) bacteriophages 
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 723 

 724 

 725 

 726 
Figure S2. PFU/mL of A. junii (A), A. modestus (B) and A. seohaensis (C) bacteriophages recovered 727 
from the soaking solution after membrane biofilm treatment at different biofouling degree. The red line 728 

represents the PFU/mL of bacteriophages spiked at the beginning of the treatment. Error bars indicate 729 

standard deviation among the three replicates.  730 
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 731 
Figure S3. Log of the total cells number (A) and proteins and polysaccharides concentration (B) for the 732 
control, Independent UV-C + bacteriophage treatment, in which UV-C was irradiated before bacteriophages 733 

application and UV-C + bacteriophage treatment, in which the two agents were utilized in combination. 734 

 735 

 736 

  737 
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 738 
Figure S4. Ratio between alive and dead cells in membrane biofilm in control, UV-C + bacteriophage 739 
cocktail treatment and chemicals treatment. The biofilm was collected at a TMP of 40 kPa. Error bars 740 
indicate standard deviation among the three replicates. 741 

 742 

 743 
 744 
 745 
 746 
 747 
 748 
 749 
 750 
 751 
 752 
 753 
 754 
 755 
 756 
 757 
 758 
 759 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 3, 2020. ; https://doi.org/10.1101/2020.08.03.234450doi: bioRxiv preprint 

https://doi.org/10.1101/2020.08.03.234450
http://creativecommons.org/licenses/by-nc-nd/4.0/


 38 

 760 

 761 
Figure S5. Scheme of the anaerobic reactor and the three parallel cross-flow membranes used in this 762 

study (A). Transmembrane pressure profiles of PVDF membranes. The three biological replicates are 763 

indicated as run 1, run 2 and run 3. Red dashed lines indicate the biofouling rates (20, 40 and 60 kPa) at 764 

which the membranes were harvested (B) 765 
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Table S1. Characterization of the membrane biofilm after different treatments and at different biofouling 766 
rates. The data were obtained from OCT analysis and depict the values of 500 scan images for a total area 767 

of 8 × 8 × 1.4 mm.  768 

Condition 
Thickness 

(µm) 
Roughness 

Biovolume 
(mm3/cm2) 

Membrane 
coverage % 

Control 43 ± 1 0.11 ± 0.02 4.3 ± 0.1 99.5 

Bacteriophage 39 ± 4 0.21 ± 0.07 3.4 ± 0.4 86.7 

UV 38 ± 5 0.18 ± 0.12 3.4 ± 0.5  88.5 

UV-C + Bacteriophage 38 ± 3 0.17 ± 0.05 3.6 ± 0.3 89.5  

 769 

 770 
Table S2. Changes in membrane biofilm with time after Acinetobacter bacteriophages cocktail 771 
application. The data were obtained from the values of 500 scan images for a total volume of 8.0 × 8.0 × 772 
1.4 mm.  773 

Time (h) Thickness (µm) Roughness Biovolume (mm3/cm2) 

0 42 ± 4 0.13 ± 0.02 4.2 ± 0.2 

1 34 ± 2 0.12 ± 0.01 3.4 ± 0.2 

3 34 ± 2 0.12 ± 0.02 3.4 ± 0.2 

4.5 30 ± 2 0.22 ± 0.11 3.0 ± 0.2 

6 30 ± 2 0.24 ± 0.12 3.0 ± 0.2 

 774 
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