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S1. Sample collection and storage
All DFUs were debrided and cleansed with NaCl 0.9% prior to specimen collection. For g°PCR
and DNA sequencing, ulcer specimens using swabs (Puritan®, Zymo DNA/RNA shield™,
Zymo Research, Irvine, CA, USA) were obtained using the Levine technique by pressing
firmly onto the wound bed and rotating the sterile swab head onto the wound bed. Swabs were
refrigerated at 4° for 24 hours and then stored at -80°C. For SEM and PNA-FISH, tissue
specimens were obtained through a dermal ring curette from the wound bed of each DFU.
Following removal, tissue specimens were rinsed vigorously in a phosphate buffer solution
(PBS) bath to remove any coagulated blood and to reduce the number of planktonic
microorganisms. Tissue specimens for PNA-FISH were immediately fixed in 4%
paraformaldehyde overnight at 4°C, then transferred into 70% ethanol and stored at -20°C.
Tissue specimens for SEM were immediately fixed in 3% glutaraldehyde overnight at 4°C,
then transferred into 0.1% phosphate buffer (PB) and stored at -80°C. All tissue samples
remained in storage until study completion to reduce any bias and were processed in bulk.
Participant identifiers and group allocation were not disclosed to the scientist undertaking the

analyses

S2. DNA Extraction
Swabs obtained from DFUs were defrosted on ice prior to DNA extraction. Genomic DNA
was extracted using Qiagen DNeasy PowerBiofilm kit (Cat No./ID: 24000-50) following the

manufacturer’s instructions.

S3. Next generation DNA sequencing

Preparation of thel6S library and DNA sequencing was carried out by a commercial laboratory
(Ramaciotti Centre for Genomics, University of New South Wales, Australia) on the Illumina
MiSeq platform (2x300bp) targeting the V1-V3 (27f/519r) 16S region.

S4. Positive and negative controls
Positive and negative controls were utilised during sequencing and microscopy. For

sequencing, positive controls were performed using the ZymoBIOMICS Microbial
Community Standard (Zymo Research, Irvine, CA, USA) and negative controls were
performed using Milli-Q® ultrapure water. Sequencing of controls revealed no contamination
of samples. For PNA-FISH, a loop full of overnight cultures of S. aureus (ATCC® 35556™)
and Pseudomonas aeruginosa (ATCC® 15692™) were grown overnight (37°C, 180 rpm) in 5
mL of tryptic soy broth (TSB) or lysogeny broth (LB) media, respectively. One loopful of each



was then smeared into one drop of fixation solution (AdvanDX, Woburn, USA) and incubated

at 65°C on a heating block until dry.

S5. Sequence analysis and quality control

16S rRNA gene amplicons were processed using the QIIME2 pipeline! as follows; denoising
of reads was completed using Deblur? with a trim length of 240bp, which merged reads and
removed chimeric sequences and reads with ambiguous bases. From 11,304,249 sequences,
661 sOTUs were calculated by Deblur with a total frequency of 6,050,631. Taxonomy was
assigned to sOTUs using VSEARCH3 against the SILVA database (v132)*. Prior to statistical
analysis, samples were rarefied to 3761 reads per sample to ensure even sampling depth. Bray-
Curtis dissimilarity, species richness and Shannon’s diversity index® were calculated and
visualized using the diversity plugin of QIIME2.! Data was then imported to R using Qiime2R’
for the generation of all plots.

S6. gPCR to determine microbial load in DFUs from swabs

gPCR was utilized to quantify the total microbial load present within DFU swab samples as
described by Kalan et al. Briefly, the reaction was prepared by mixing the Tagman Fast
Advanced Master Mix (2x) (ThermoFisher Scientific, Waltham, MA, USA), Tagman 16S
Gene Expression Assay (20x) (ThermoFisher Scientific, Waltham, MA, USA), nuclease free
water and 50ng of template in a total volume of 10 or 20 uL. The reaction was then run on a
Quantstudio 7 Flex Real Time PCR system (ThermoFisher Scientific, Waltham, MA, USA)
using the following conditions; 95°C for 2 min, followed by 40 cycles of 95°C for 1 sec and
60°C for 20 sec. A set of standards ranging from 2000 pg to 1.95 pg were included and used to
generate a standard curve for determining the amount of 16S product within the DFU swab
samples. Total bacterial load was then determined using the equation [10"(LC)*200] where
LC is the log concentration of 16S product, followed by multiplying the result by the total

extraction volume.

S7. Characterization and visualization of DFU biofilm

The presence or absence of biofilms in chronic non-healing DFUs, was confirmed through
SEM or PNA-FISH with CLSM. For the purpose of this study, we used definitions promoted
by an expert group to characterise biofilm as being; microbial aggregates surrounded by a self-
produced or host derived matrix adhering to natural or artificial surfaces in the host, or

aggregates associated with but not directly adherent to the surface.*®



S8. Scanning electron microscopy (SEM) and peptide nucleic acid fluorescent in situ
hybridization (PNA-FISH) with confocal laser scanning microscopy (CLSM) sample
preparation and image interpretation

In vivo microbial biofilms associated with DFU tissue were sampled at 5200 um for optimal
visualisation through scanning electron microscopy.** 2-3 millimetres of DFU tissue were fixed
in 3% glutaraldehyde, followed by 3 washes of 0.1M phosphate buffer prior to serial ethanol
dehydration and processing in a CPD300 Critical Point Dryer (Leica) for 20 cycles to retain
the original structure of the tissue. Dried samples were coated with 20-nm gold film and
examined using a Zeiss GemeniSEM at a WD of 5-7mm and 7.00 kV. Tissue specimens were
scanned for microbial aggregates and extracellular polymeric substances (EPS) by orientating
the specimen to the wound bed surface side of the tissue, then working in a zigzag pattern at
magnifications ranging from 300X to approximately 5,500X. Each sample was scored based
on the amount of bacteria/biofilm observed using an arbitrary five-point scale as previously
reported.*? Score 0 = no bacteria observed; score 1 = single individual cells; score 2 = small
micro-colonies (~ 10 cells); score 3 = large micro-colonies (~100 cells); score 4 = continuous

film; score 5 = thick continuous film.

For CLSM, the tissue was fixed in 4% Paraformaldehyde prior to processing and
paraffinization using an Excelsior ES tissue processer (ThermoFisher Scientific, Waltham,
MA, USA). Tissue sections were then cut at 4 microns and deparaffinised using sequential
washes with Xylene and decreasing concentrations of ethanol. Dried sections were then stained
with the BacUni TXR probe (AdvanDX, discontinued) for 90 min at 55°C followed by a 30
min wash in 1X wash buffer at 55°C (AdvanDX). 0.3mM DAPI was then added as a
counterstain for 15 min. Specimens were then visualized by an experienced laboratory scientist
on a Zeiss LSM 880 confocal microscope using a 63x oil immersion objective. Two adjacent
sections were observed per sample. Sections were thoroughly reviewed by scanning side-to-
side from top to bottom over each section. Fluorophores were excited by laser excitation at 405
(6-diamidino-2-phenylindole -DAPI), 488 (fluorescein - FLU), or 561 nm (Tyro3, Axl, and
Mer -TAM). One image was taken using each excitation wavelength. All post-capture image
processing was done in Imaris v8.4 (Bitplane AG, Zurich, Switzerland). All viewing authors
(MR, SS, MM) were experienced in viewing biofilm architecture and reached a consensus

about the presence of biofilm in each sample.
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S9. Total microbial load of DFUs — individual patient data. Baseline (week 0), mid-point
(week 3) and end of treatment (week 6).
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10. Wound metrics captured at baseline and end of treatment (EOT)

Healing or no

% areasize

% depth reduction

Ulcer Dimensions Ulcer Dimensions healing reduction - from cumlative from
(<10%) baseline to EOT baselineto EOT
Baseline End of Treatment
Wound Wound
Length | Width|Depth Area Length | Width[Depth| Area
(mm?2) (mm?2)
4.9 2.8 0.4 1170 2.7 1.1 0.3 401 1
PO1 65.7 25
P02
po3 |25 |17 |25 [310 24 |15 |11 260 1 16.1 56
pPoa (2.6 2.8 3 550 2.6 2.7 2.8 530 0 36 6.6
po5s |2-5 2.1 0.4 370 5 3.5 1.5 450 0 21.6 (increase) 275 (increase)
pPoe |2-3 2.6 0.2 620 2.1 2.4 0.1 504 1 18.7 50
po7 |22 |11 |03 [190 22 |11 |02 [200 0 5.3 (increase) 333
pog |4 3 0.1 960 4.2 3.2 0.3 1000 0 4.2 (increase) 200
pog |55 [3.8 o1 [1170 22 |19 |o 280 1 76 100
P10 (3.4 5.1 0.1 1333 2.5 4.6 0.1 901 1 32.4 100
P11 (4.4 3.7 0.5 1210 3.5 3.4 0.2 860 1 29 60




11. SEM and PNA-FISH. Additional images for reference.

a. Sample P_2. Coccoid aggregates located in a crevice of tissue that was not the immediate

surface anatomy.

zEIss Mag= T0.08KX Tpm WD = 5.9mm EHT = 7.00 kv Signal A = HE-SE2 Date :14 Aug 2020 Time :13:50:55
Aperture Size = 30.00 pm System Vacuum = 6.07e-07 mbar
MERLIN compact VYP-60-09 Noise Reduction = Line int. Done VP Target = 3.72e-01 Torr

b. Sample P_8. Coccoid aggregates in a dense extracellular polymeric substance (EPS).

zEIss Mag= T19.95K X Tpm WD = 52mm EHT = 5.00 kV Signal A = HE-SE2 Date :22 Oct 2020 Time :13:04:18
Aperture Size = 30.00 pm System Vacuum = 4.10e-06 mbar
MERLIN compact VP-60-09 Noise Reduction = Line int. Busy VP Target = 3.72e-01 Torr




c. Sample P_6. Small aggregates of coccid bacteria (red arrow). Green arrow denotes host
material — likely fibrin
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d. Sample P_5. Small aggregate of coccid cells.

WD = 3.6mm Signal A = HE-SE2
Aperture Siz System Vacuum
MERLIN compact Vi jon = Line Int. Busy VP Targe: 72e-01 Torr
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e. Sample P_3. Three separate clusters of microbial aggregates as shown by the arrows. Central,
largest cluster with coccoid cells.

—

f. Sample P_6. Diffuse aggregates of coccid and rod-shaped cells.
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g. Sample P_9. Dense aggregate of coccid and rod-shaped cells surrounded by planktonic
microorganisms

h. Sample P_10. White arrow shows a small aggregate of coccid cells top left.
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i. Sample P_11. Small aggregate of coccoid cells

J. Sample P_7. Aggregate of coccoid cells.

13



14



	Supplement
	S1. Sample collection and storage
	S2. DNA Extraction
	S3. Next generation DNA sequencing
	S4. Positive and negative controls
	S5. Sequence analysis and quality control
	S6. qPCR to determine microbial load in DFUs from swabs
	S7. Characterization and visualization of DFU biofilm
	S8. Scanning electron microscopy (SEM) and peptide nucleic acid fluorescent in situ hybridization (PNA-FISH) with confocal laser scanning microscopy (CLSM) sample preparation and image interpretation
	S9. Total microbial load of DFUs – individual patient data. Baseline (week 0), mid-point (week 3) and end of treatment (week 6).
	10. Wound metrics captured at baseline and end of treatment (EOT)
	11. SEM and PNA-FISH. Additional images for reference.

