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Preliminary trials of the invasion protocol were completed before the final protocol was determined.  Initially the ability of S. zooepidemicus and S. equi to grow in the components of the host cell culture media was determined.  A single colony of two szp strains of S. zooepidemicus (WK15114_2, szp-39 and JK, szp-13) and three of S. equi isolates (EDED090, seM-99; G22401, seM-100; and KAY07, seM-100) were inoculated into 3 mL BHI supplemented with 0.5 µg/mL Amphotericin and grown overnight statically at 37 C in a 5 % CO2 incubator.  Similarly, these strains were inoculated into 3 mL of two different culture medium, DMEM (Dulbecco’s Modified Eagle Medium, high glucose, pyruvate, 11995-065 Life Technologies) and RPMI (RPMI 1640 medium, GlutaMAX supplement, HEPES, 72400-047 Life Technologies) both supplemented with 10 % heat-inactivated foetal bovine serum (F8067 Sigma).   Cultures were observed the next morning as either positive with growth or negative with no growth.  
A range of concentrations of the gentamicin and penicillin mixed treatment were trailed to determine the optimal dose to kill all extracellular bacteria.  An overnight culture of S. zooepidemicus (WK15114_2, szp – 39) was diluted to an OD600 = 1 in PBS then further diluted 1:100 in CM-.  Four hundred microliters of CM- was added to the wells of a 24 well plate and then inoculated with 100 µL of the 1:100 bacterial dilution.  After a 4 h incubation, grown statically at 37 C in a 5 % CO2 incubator, the media was removed and replaced with 500 µL of CM containing one of the trial concentrations of gentamicin and penicillin: 1. 200 µg/mL gentamicin and 5µg/mL penicillin, 2. 100 µg/mL gentamicin and 5 µg/mL penicillin, 3. 50 µg/mL gentamicin and 100 µg/mL penicillin, 4. 200 µg/mL gentamicin and 100 µg/mL penicillin.  Two controls were used, a well for bacterial growth control containing bacteria with no antibiotic treatment and a well for sterility control with no bacteria or antibiotic treatment.  After 1 h of treatment the media was removed and collected into individual microfuge tubes.  Each well was then washed 2 x with 250 µL of PBS.  Each wash was collected and added to the media.  The media and wash were then pelleted by centrifugation and the pellet was resuspended in 500 µL of PBS.  The resuspension was used for serial dilution spotting for cfu counts as described above.  To determine if any bacterial cells that had adhered to the wells of the plate were still viable, 500 µL of BHI supplemented with 0.5 µg/mL amphotericin was added to each well and left to grow overnight statically at 37 C in a 5 % CO2 incubator.  The experiment was repeated three times.
Lysis solutions were also trialled to optimise the best retrieval of internalized bacteria.  Equine dermal fibroblast (NBL6) (ATCC® CCL57™) (passage of P19-P21) and A545 human alveolar epithelial (ATCC® CCL185™) (passage of P30-P34) cell lines were used as host cells for the invasion assays.  These mammalian cells were grown to approximately 70 % to 80 % confluence and washed two times with 2 mL PBS to remove residual antibiotics.  Two millilitres of a 1:50 dilution of an overnight culture of bacteria was used to infect the mammalian cells in CM-.  After two hours of infection, the cells were washed two times with 2 mL of PBS to remove non-adhered bacteria.  Mammalian cells and associated bacteria were dissociated from the flask with the addition of 500 µL trypsin-EDTA.  At this stage, different lysis solutions were trialled after the disassociation of cells from the flask: double distilled water (ddH2O), 0.2 % Triton® X-100 in ddH2O (final concentration 0.12 %), 0.05 % sapinon in ddH2O (final concentration 0.03 %), PBS, and deionised H2O.  The cell lysate was collected and placed in a 1.5 mL microcentrifuge tube and spun at 16,100 g for two min.  The supernatant was removed and the pellet resuspended in 1 mL PBS.  The cellular resuspension was used to determine cfu using serial dilution spotting.  A uterus isolate WK15092_1 (szp-8) was used in the lysis trials. 
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The trialled S. zooepidemicus and S. equi strains were all able to grow in the presence of 0.5 µg/mL of the antifungal component of the culture media, Amphotericin.  Both the S. zooepidemicus strains were able to grow in both DMEM and RPMI culture media; both supplemented with 10 % heat-inactivated foetal bovine serum.   S. equi, however, was only able to grow in RPMI with no visible growth observed in the DMEM medium.  Further experiments would be needed with more isolates to verify this inhibited growth.  Future experiments could focus on what component, or lack of, inhibited the growth of S. equi.  This component may be something that could be used in targeted treatment.  The DMEM media used contains less variety of amino acids and vitamins compared to the RPMI media (Table S3.1 1).  DMEM also has generally higher amounts of the same components and has the addition of iron and sodium pyruvate (Table S3.1 1).  RMPI has two components not present in DMEM, glutathione and HEPES, along with the additional amino acids and vitamins (Table S3.1 1).


[bookmark: _Ref47800466][bookmark: _Toc47447927]Table S3.1 1: Media components comparing DMEM and RPMI 1640.  Blue highlights the components only found in one of the mediums, grey highlights the components in both mediums yet one has either a hydrated or added salt version and green highlights the one with a higher concentration of that particular component.
	
	 
	DMEM high glucose, pyruvate, 11995065, ThermoFisher
	RMPI 1640 GlutaMAX, HEPES, 72400047, ThermoFisher

	Components
	Molecular Weight
	Concentration (mg/L)
	mM
	Concentration (mg/L)
	mM

	Amino Acids
	 
	
	
	
	

	Glycine
	75
	30
	0.40
	10
	0.13

	L-Alanyl-Glutamine
	217
	
	
	446
	2.06

	L-Arginine
	174
	
	
	200
	1.15

	L-Arginine hydrochloride
	211
	84
	0.40
	
	

	L-Asparagine
	132
	
	
	50
	0.38

	L-Aspartic acid
	133
	
	
	20
	0.15

	L-Cystine
	240
	
	
	50
	0.21

	L-Cystine 2HCl
	313
	63
	0.20
	
	

	L-Glutamic Acid
	147
	
	
	20
	0.14

	L-Glutamine
	146
	584
	4.00
	15
	0.10

	L-Histidine
	155
	
	
	20
	0.15

	L-Histidine hydrochloride-H2O
	210
	42
	0.20
	
	

	L-Hydroxyproline
	131
	
	
	20
	0.15

	L-Isoleucine
	131
	105
	0.80
	50
	0.38

	L-Leucine
	131
	105
	0.80
	50
	0.38

	L-Lysine hydrochloride
	183
	146
	0.80
	40
	0.27

	L-Methionine
	149
	30
	0.20
	15
	0.10

	L-Phenylalanine
	165
	66
	0.40
	15
	0.091

	L-Proline
	115
	
	
	20
	0.17

	L-Serine
	105
	42
	0.40
	30
	0.29

	L-Threonine
	119
	95
	0.80
	20
	0.17

	L-Tryptophan
	204
	16
	0.08
	5
	0.025

	L-Tyrosine
	181
	
	
	20
	0.11

	L-Tyrosine disodium salt dihydrate
	261
	104
	0.40
	
	

	L-Valine
	117
	94
	0.80
	20
	0.17

	Vitamins
	
	
	
	
	

	Biotin
	244
	
	
	0.2
	0.00082

	Choline chloride
	140
	4
	0.029
	3
	0.021

	D-Calcium pantothenate
	477
	4
	0.0084
	0.3
	0.00052

	Folic Acid
	441
	4
	0.0091
	1
	0.0023

	Niacinamide
	122
	4
	0.033
	1
	0.0082

	Para-Aminobenzoic Acid
	137
	
	
	1
	0.0073

	Pyridoxine hydrochloride
	206
	4
	0.019
	1
	0.0049

	Riboflavin
	376
	0.4
	0.0011
	0.2
	0.00053

	Thiamine hydrochloride
	337
	4
	0.012
	1
	0.0030

	Vitamin B12
	1355
	
	
	0.005
	0.0000037

	i-Inositol
	180
	7.2
	0.040
	35
	0.19

	Inorganic Salts
	
	
	
	
	

	Calcium Chloride (CaCl2) (anhyd.)
	111
	200
	1.80
	
	

	Calcium nitrate (Ca(NO3)2 4H2O)
	236
	
	
	100
	0.42

	Ferric Nitrate (Fe(NO3)3"9H2O)
	404
	0.1
	0.00025
	
	

	Magnesium Sulfate (MgSO4) (anhyd.)
	120
	97.7
	0.81
	
	

	Magnesium Sulfate (MgSO4-7H2O)
	246
	
	
	100
	0.41

	Potassium Chloride (KCl)
	75
	400
	5.33
	400
	5.33

	Sodium Bicarbonate (NaHCO3)
	84
	3700
	44.05
	2000
	23.81

	Sodium Chloride (NaCl)
	58
	6400
	110.34
	5500
	94.83

	Sodium Phosphate dibasic (Na2HPO4) anhydrous
	142
	
	
	800
	5.63

	Sodium Phosphate monobasic (NaH2PO4-H2O)
	138
	125
	0.91
	
	

	Other Components
	
	
	
	
	

	D-Glucose (Dextrose)
	180
	4500
	25.00
	2000
	11.11

	Glutathione (reduced)
	307
	
	
	1
	0.003

	HEPES
	238
	
	
	5958
	25.03

	Phenol Red
	376.4
	15
	0.040
	5
	0.01

	Sodium Pyruvate
	110
	110
	1.00
	
	



A range of concentrations of the gentamicin and penicillin mixed treatments were trailed to determine the optimal dose to kill all extracellular bacteria.  The strongest concentration of both gentamicin (200 µg/mL) and penicillin (100 µg/mL) was the only combination that resulted in no viable bacteria after treatment in the media and washes (0 cfu/mL) and in the biofilm survival (negative overnight growth) (Table S3.1 2).  The other treatments showed a large decrease of viable bacteria compared to the control, reaching between 3.6-4.9 log reductions, however viable bacteria was still present (Table S3.1 2).  There was evidence of viable bacteria within the remaining biofilms after the treatments containing a low concentration of penicillin (5 µg/mL) with some visible growth evident in the overnight broth culture after treatment (Table S3.1 2).   The high levels of gentamicin and penicillin needed to ensure no viable extracellular bacteria remained was in contrast with other studies using either only penicillin at 2 µg/mL or both penicillin and gentamicin at 5 and 200 µg/mL respectively (Skive, Rohde, Molinari, Braunstein, & Bojesen, 2017; Xu, Pei, Su, Ma, & Fan, 2016).  These studies did not mention testing the killing ability of their concentrations nor plating out the experiment washes to ensure no extracellular bacteria remained viable.
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	Treatment
	penicillin (ug/mL)
	gentamicin  (ug/mL)
	after treatment cfu/mL (mean)
	SD
	log reduction^
	biofilm survival* 

	1
	5
	200
	6.44E+02
	3.15E+02
	4.90
	yes

	2
	5
	100
	2.84E+03
	3.79E+02
	4.26
	yes

	3
	100
	50
	1.29E+04
	5.34E+03
	3.60
	no

	4
	100
	200
	0
	0
	7.71
	no

	growth control
	0
	0
	5.14E+07
	3.89E+07
	
	yes

	sterility control
	0
	0
	0
	0
	
	no


^Log reduction = log(viable bacteria in growth control/viable bacteria after treatment). *positive overnight growth of adhered cells after treatment and washes.  Strain trialled: WK15144_2, szp-39.  SD is the standard deviation of 3 replicates.

To ensure optimal retrieval of viable bacteria from the mammalian cells, several lysis buffers were trialled and compared to PBS.  Although there was very little change with respect to a log change, a fold change revealed some improvements to the PBS control (Table S3.1 3).  In the equine dermal fibroblast cells, ddH2O had a 5.67 fold increase in the number of viable bacteria retrieved from the PBS control.  In the A549 cells, ddH2O had virtually no change from the PBS control but a slightly higher amount retrieved with deionised H2O.  In both mammalian cells lines, water had the greatest retrieval of viable bacteria.  It was suspected that deionised H2O would have a greater hypotonic lysis effect on the cells than ddH2O with a greater release of bacteria and for this reason it was used in the final lysis protocol for the invasion assay.  All lysis buffers formed a sticky aggregate but the saponin and Triton® X-100  aggregate was very hard to completely resuspend and may be the reason for the reduced retrieval of viable bacteria and therefore not used in further assays (Table S3.1 3).

[bookmark: _Ref47800537][bookmark: _Toc47447929]Table S3.1 3: Invasion lysis buffer trial.  
	
	eqDF
	
	A549

	Lysis buffer
	cfu/mL
	log increase^
	fold change*
	
	cfu/mL
	log increase^
	fold change*

	ddH2O
	3.93E+05
	0.75
	5.67
	
	2.97E+06
	0.01
	1.02

	Triton® X-100
	5.30E+04
	-0.12
	0.76
	
	1.75E+06
	-0.22
	0.60

	saponin
	9.60E+04
	0.14
	1.39
	
	2.00E+06
	-0.16
	0.69

	MQH2O
	
	
	
	
	3.90E+06
	0.13
	1.34

	PBS
	6.93E+04
	
	
	
	2.90E+06
	
	


^log increase = log(viable bacteria of lysis/viable bacteria of PBS control).  *fold change = viable bacteria of lysis/viable bacteria of PBS control.  Strain trialled: WK15092_1, szp-8.
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