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Supplementary Figure 1: Summary of method used to grow S. sanguinis biofilms and
compare image analysis and traditional microbiological quantification methods. An
overnight culture of S. sanguinis was diluted down to approximately 102 cells/mL and seeded
on coverslips in a 24-well plate. At each time point (0, 1, 2, 5 & 7 days), one plate was
sacrificed, stained using a fluorescent live/dead stain and imaged using confocal microscopy.
Subsequent image analysis was used to determine the percentage of live cells at each time
point. The remaining biofilms were re-suspended in fresh media using sonication and
vortexing to remove them from the coverslip. From these suspensions, the total number of live
cells was established using CFU-plating. Total bacteria (live and dead) were counted using a
haemocytometer. We acknowledge the use of BioRender® (BioRender.com) to create
Supplementary Figure 1.
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Supplementary Figure 2: 3D model of sample orientation and supported surfaces, SEM
micrograph images and topographic scan of as-built Ti-6Al-4V coupons with sloping angles
20 - 90°. Figure reproduced with permission from Villapun et al. (2020) “A design approach
to facilitate selective attachment of bacteria and mammalian cells to additively manufactured
implants”. Additive Manufacturing 36:101528.
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Supplementary Information

The macro written to implement the automated image analysis described in the main

manuscript is available from https://github.com/sophie-mountcastle/Biofilm-Viability-

Checker/. It can be opened in ImageJ by saving the .ijm file in the desired location and

subsequently dragging it to the ImageJ toolbar:

TRIAL Biofilm Viability

Checker.ijm

(Fiji Is Just) ImageJ - O X
File Edit Image Process VAnalyze Plugins Window Help _
B o) || A £ A|Q ] 4] ovfsufur] o] 4] 0] [»

Angle tool

Please note that the Fiji distribution is required to run the code. It is open-source and can be

downloaded for free from: https://imagej.net/Fiji/Downloads. In addition, the MorphoLibJ

(https://imagej.net/MorphoL.ibJ) plugin needs to be installed for the macro to operate. This

can be done by following the instructions provided on the ImageJ website here:

https://imagej.net/MorphoL.ibJ.html#Installation (for more in depth installation support, see:

https://imagej.net/Following_an_update_site). We recommend running these macros on TIFF

files.

The macro calculates and outputs the total number of fluorescent pixels (green and red) and
total number of red pixels for a series of images saved within one folder. All image windows

are closed after the macro is completed. It can also output an outline of the segmented regions

3


https://github.com/sophie-mountcastle/Biofilm-Viability-Checker/
https://github.com/sophie-mountcastle/Biofilm-Viability-Checker/
https://imagej.net/Fiji/Downloads
https://imagej.net/MorphoLibJ
https://imagej.net/MorphoLibJ.html#Installation
https://imagej.net/Following_an_update_site
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superimposed on the original image. This is useful when assessing the effect if any changes
are made to the protocol, for example adjusting the structuring element size or removing pre-

processing steps.

Instructions on how to implement the macros are as follows:

1. Open the Fiji distribution of ImageJ.

(Fiji Is Just) Image) = O X
File Eqn Image P(ocegs Analyze Plugins ‘Win.dow Help
B o] /| <[\ A|Q W] > [sufur] 0| s] 6] |»

Angle tool

2. Drag the macro file to the ImageJ toolbar to open it.

TRIAL Biofilm Viability

Checker.ijm

(Fiji Is Just) ImageJ - O X

File Edit Image Process

[Sife)

Analyze Plugins Window Help

NAQ ] af o,

Stk
v

4

wjg]s]a] |>

Angle tool



51 3. The macro will open in a new window.

%}
Fie Edt lmlge Process Anahze Plugns Window Help
B olc|o|/«pNAlQ|a] 4 wjs|u| o] s]a] |=]
Biofim Visbiity Color picker (265,255.265/0,0,0) cnerotosowcn |
Checkerjm . il

1 Biofiln Visbility Checker.ijm - 0o X
fe o Language Templates Run Tocks Tabs Options

[ oo e
| [ 3| | osim Viabdity Checkerm |

(~[} 1 //This mocro processes multiple imoges (n @ folder, outputting the number of bocteric pixels in the red channel ond thea)
2 //viobtiity of o blofila stained with red ond green viobility stoins.

3 //1t also saves overlay ioges showing the bocteria which have been detected.

5 //Created by Sophie Mountcostle (semd93fbhos.oc.ub) and Nina Vyas (n.vyas§bhom.oc.uk)
€ //university of Birsinghoe, Edgboston, 815 21T, WX
7 //For queries please contact Or Sarch Kuehne (5.6.huehnefithom.oc. uk)

= Dislog.create(“siofilm viability Checker®);

1 o o(” This macro processes fluorescence Lsages of diofils stained with STYOD and prepidiue lodide to
ng("add Leage file type suffix: ", “.tif*, 3);

("Save overlay isages®, true);

*Tick this to save overlay images of the detected areas to your output folder. The detected live
o ("Click OK to choose your fmput aad output directeries. \n After processing you will be able to saf

ing();

"\t" 4 “"Percentage coverage dead bacteria™ 4 "\t" 4 "Percentage coverage live bacteria®);

03

Run | Batcn (] persistent imtumlElv

53 4. Click “Run”.

Biofilm Viability Checker.ijm - O x
File Edit Language Templates Run Tools Tabs Options

—Ez Biofilm Viability Checker.ijm
[ 1 //This macre processes multiple images in a folder, outputting the number of bacteria pixels in the red channel and the s
2 //vigbility of g biofilm stained with red and green viability stains.

3 //It aglso saves overlay imoges showing the bacteria which have been detected.

4

5 f/Created by Sophie Mountcastle (sem@$3fbham.ac.uk) and Nina Vyas (n.vyas@bham.ac.uk)
& //University of Birmingham, Edgbasten, B15 2TT, UK

7 //For queries please contact Dr Sarah Kuehne (s.a.kuehnefibham.ac.uk)

3

% Dialog.create("Biofilm Viability Checker™);

10 Dialog.addMessage(" This macro processes fluorescence images of biofilm stained with STY09 and propidium iodide to
11 Dialog.addString("Add image file type suffix: ", ".tif", 5);

12 Dizlog.addCheckbox("Save overlay images”, true);

13 Dialog.addMessage("Tick this to save overlay images of the detected areas to your output folder. The detected live
14 Dialog.addMessage("Click OK to choose your input and output directories. “n After processing you will be able to sa

15 Dialog.show();

16 suffix = Dialog.getString();

17

13 print("\\Clear");

1% print("Image title™ + "\t" + "Percentage coverage dead bacteria™ + "\t" + "Percentage coverage live bacteria”);
20

21 overlay=Dialog.getCheckbox();

22 gammavalue=1.5;

23 strelvalue=1;

24
25 input = getDirectory("Input directory™); |
26 i bl i A

Run | %Cll | ||:|persislent Show Errors. I @ I >
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58 5. A new window will pop up with instructions for how to operate the macro.

T L P S T s T L T T PP

| £ Biofilm Viability Checker X

This macro processes fluorescence images of biofilm stained with SYTO% and propidium iodide to calculate the percentage of ¢
live and dead bacteria in each image. J

First put yourimage(s) to he processed in a separate input folder.
Add image file type suffic KT
[+ Save overlayimages

Tick this to save overlay images ofthe detected areas to your output folder. The detected total bacteria are outlined in
green and the detected dead bacteria are outlined in white.

Click OK to choose yourinput and output directories.
After processing you will be able to save the log file containing the percentage of live and dead bacteria in each image.

OK Cancel X

59 1 S e LiciUE..dlUl> 0 LN AU LindEe 111 LY PE SUunt Lxg 0 L =
60
61 6. Follow the instructions by inputting the file suffix (we suggest TIFF files work best,
62 but this can be amended).
63
64 7. If you wish for the macro to output the images with an overlay of the red and total
65 bacteria outlines, tick the box next to “Save overlay images”. Untick the box if you
66 only want the results file to be saved.
67
68 8. Click OK and a new window will open asking for an Input Directory to be selected.
69 Navigate to the folder containing the images you wish to analyse and click “Select”.
70
|2 Input directory % -
Look in: Updated Macro v EcrE-
i o [ma |
LI 1
l C
D ﬁ ts
a i
ﬂ |
L_]* Folder name: | ge analysi of biofims|Pee- Revien\Updated Macro TRIAL
Network  pie of type: [ allFies ~
71
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The following image is a sample of the expected input confocal micrograph for this

macro. Please note that scale bars affect the result and plain images should be used

without a scale bar included.

Sample image: Five-day biofilm of S. sanguinis stained with the FilmTracer

Live/Dead Biofilm Viability Kit.

Next, the macro will ask you for the Output Directory. This is where the results of the
image analysis will be saved, along with the outlined overlay images if that option has
been selected. Please note: the output directory cannot be the same as the input

directory. Click “Select”



10. Once the macro has calculated the results, it will ask you to choose a name for the

results file. Enter the chosen file name and click “Save”.

* &) AisLuTy ] INVETL SEleLLIun

| £ Save as Text x

3. Savein: | Output j i gl EE

Z} Mame Date medified Type |

Mo items match your search,
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Quick access

Desktop

Libraries

File name:

Save as type:

1 N - S

11. Navigate to the log file in the File Explorer. The log file provides the image name, the
percentage of dead bacteria, and percentage of live bacteria (percentage viability).

The results open as a .txt file in Notepad but can be copy and pasted directly into

Excel for analysis.

The following image is an example of the outlined image output from the macro, as

well as the results of the analysis of the sample image.

|

| All Files (")

S Y N ) S | P

Image title Percentage of dead Percentage of live
bacteria bacteria (viability)
5day_sample4_imagel.tif 54.5 45.5
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