
Materials and Methods 

Gamma-Toxin Purification 

Gamma-toxin HlgB was cloned into the pET30a plasmid (Novagen, 69909) 

incorporating an N-terminal histidine tag and transformed into BL21 E. coli (Invitrogen, 

C6000). The primers used were: 5’-GGCCGTCGACAAAGAAACTGAAAACAAT-

AAATAGCTA-3’ and 5’-GGCCGGATCCGGGTATAGGGGTTTTAGTATGACATC-3’. 

Protein expression was induced in Luria broth (kanamycin 30 µg/ml) containing 0.3 mM 

IPTG. Bacterial pellets were lysed using lysozyme (100 µg/ml) and sonication. The 

supernatant was sterile filtered and incubated with Ni-NTA resin (Invitrogen, R901) to 

bind the HlgB subunit. Due to poor expression in E. coli, HlgA and HlgC were purified 

from S. aureus as previously described [1]. Briefly, HlgA and HlgC were cloned into a 

plasmid (pOS1) incorporating an N-terminal histidine tag and transformed into S. aureus 

(Newman). Expression was induced with chloramphenicol (10 µg/ml) in Todd Hewitt 

Broth. The bacteria supernatants were sterile filtered and incubated with Ni-NTA resin 

(Invitrogen, R901) to bind the subunits. The proteins were eluted from the resin using an 

imidazole gradient. Endotoxin from HlgB preparation was removed using Pierce High 

Capacity Endotoxin Removal Resin per manufacture’s protocol (Pierce, PI88267). Final 

endotoxin concentration was calculated by LAL assay and determined to be non-

stimulatory in any of our models (data not shown). Biotinylated proteins were produced 

using EZ-Link NHS-PEG4-Biotinylation Kit (Thermo, 21455) per manufacturer’s 

instructions. Briefly, protein was dialyzed into PBS overnight at 4°C then incubated with a 

20mM excess of NHS-PEG4-Biotin for 30 minutes at room temperature. Excess biotin 

was removed by dialyzing into PBS overnight at 4°C. 



 

Cell Culture 

HVECs (ATCC CRL-2616 [2]) were grown in tissue culture-treated flasks using 

keratinocyte serum-free media (KSFM) (Gibco, 17005-042) supplemented with bovine 

pituitary extract (50 µg/ml), recombinant human epidermal growth factor (0.2 ng/ml), 

CaCl2 (0.4mM), penicillin (25 IU/ml), streptomycin (25 µg/ml), gentamicin (40 µg/ml), and 

amphotericin B (2.5 µg/ml); referred to as complete media. Cells were maintained at 

37ᴼC and 7% CO2. For all assays, 96-well plates were seeded with HVECs at 50,000 

cells/well and grown for 24 h in complete media then the media was replaced with KSFM 

supplemented only with 0.4 mM CaCL2 (referred to as minimal media) for 24 h prior to 

treatment. 

For analysis of shedding, cytokine production and cytotoxicity, HVECs were 

treated in 96 well plates with 100 µl minimal media containing gamma-toxin subunits 

HlgAB or HlgCB at 1:1 molar ratios for 6 h at 37ᴼ C and 7% CO2. After incubation, the 

media was assayed by ELISAs purchased from R&D Systems per manufacturer’s 

protocol for IL-8, IL-6, TNF-α, or MIP-3α (DY208, DY206, DY210, DY360) or the EGFR 

ligands AREG, TGF-α, and HB-EGF (DY262, DY240, DY259). Following removal of the 

supernatant for cytokine assays, the media was replaced with 100 µl minimal media 

supplemented with 20 µl MTS tetrazolium (Promega, CellTiter-96 G3582) and incubated 

for 2 h at 37ᴼC and 7% CO2. The optical density was measured and viability calculated as 

((treated – 100% lysis) / (Untreated – 100% Lysis)).  

For analysis of the effects of inhibitors, each inhibitor was added at twice the final 

concentration in 50 µl of minimal KSFM 30 min prior to the addition of gamma-toxin, 



HlgAB or HlgCB at 1:1 molar ratio, in a final volume of 100 µl for 6 h at 37 ᴼC in 7% CO2. 

AG1478 (Tocris Bioscience, 1276) was used at a final concentration of 1 µM, TAPI (Enzo 

Life Sciences, BML-PI134-0001) at 50 µM, and UO126 (Tocris Biosciences, 1144) at 10 

µM. Inhibitor concentrations for HVECs were chosen based on previous studies [3]. 

For gamma-toxin binding studies, HVECs were grown as described earlier, treated 

with trypsin, and resuspended at 5x105 cells/ml. Cells were treated with 25 µg/ml of the 

biotinylated (b-) b-HlgA, b-HlgB, or b-HlgC for 30 min on ice, the equivalent dose used for 

cytokine and shedding assays. Non-biotinylated HlgB at 25 µg/ml was also incubated 

with biotinylated HlgA or HlgC. Biotin negative controls were prepared from protein 

negative controls and used at equal volume. Cells were washed three times with PBS 

and incubated with 250 ng streptavidin r-phycoerythrin (Strep-PE) (Peirce, 21627) at 5 

µg/ml in PBS for 20 min. The cells were fixed in 2% paraformaldehyde for 15 min on ice, 

washed with PBS, and analyzed by flow cytometery (FACSCalibur, BD Biosciences) for 

20,000 events. Cells were gated based on forward and side scatter area. Positive 

selection gate for Strep-PE was defined to exclude 99% of the Strep-PE control subset.  

 

Porcine Tissue Procurement and Assays 

Porcine vaginal mucosa (PVM) was collected and processed prior to treatment as 

previously described [4]. Briefly, porcine vaginal tissue was collected at time of slaughter 

in RPMI Media 1640 (Gibco, 11875-093) supplemented with 10% fetal calf serum, 

penicillin (50 IU/ml), streptomycin (50 mg/ml), amphotericin B (2.5 µg/ml) and gentamicin 

(40 µg/ml). Antibiotics were included to eliminate native flora. Within 3 h of slaughter, 5 

mm biopsies were taken and excess muscle tissue trimmed. These explants were 



washed three times in RPMI containing antibiotics, and then incubated for 30 min at 37ᴼC 

antibiotic-free RPMI. Following washing, explants were placed mucosal side up on PET 

track-etched 0.4 µm cell culture inserts (BD Biosciences) in 6-well plates above fresh 

antibiotic- and serum-free RPMI media with the epithelial surface exposed to air. 

For cytokine analysis, PVM explants were treated topically with HlgAB or HlgCB, 

at 1:1 molar ratios and incubated for 6 h at 37 ᴼC and 7% CO2. After treatment with 

gamma-toxin, biopsies were vortexed in 250 µl PBS for 4 min at maximum speed to lyse 

epithelial cells and release IL-8 for quantitation. The remaining connective tissue was 

centrifuged at 13,000 rpm for 1 min and the amount of IL-8 in the supernates determined 

via ELISA (R&D Systems, DY535). Viability of PVM explants was determined using the 

Cell Growth Determination kit (Sigma, CDG1). Explants were incubated in 20 µl MTT 

reagent and 100 µl RPMI for 3 h at 37 ᴼC and 7% CO2 then in 100 µl isopropanol. 

Viability of treated tissue was determined by the optical density (570 nm) of the 

supernatant compared to untreated controls. 

For analysis of the effects of inhibitors, PVM explants were treated at -30 and -10 mins 

with 8 nmol AG1478 (Tocris Bioscience, 1276) in 10 % DMSO (aq) prior to the addition of 

gamma-toxin (HlgAB or HlgCB at 1:1 molar ratio). The explants were incubated for 6 h 

and assayed for IL-8 as described above. 

Human Tissue 

Human ectocervix was obtained from UMN BioNet Tissue Procurement post-

surgery. 5mm biopsies were taken from normal tissue, trimmed of excess connective 

tissue, washed three times in minimal KSFM, and incubated in minimal KSFM for 30 min 

at 37 ᴼC in 7% CO2. Following washing, the biopsies were placed mucosal side up on 



PET track-etched 0.4 µm cell culture inserts (BD Biosciences) in 6-well plates above 

minimal KSFM with the epithelial surface exposed to air. The explants were treated at -30 

and -10 mins with 8 nmol AG1478 (Tocris Bioscience, 1276) in 10 % DMSO (aq) prior to 

the addition of gamma-toxin (HlgAB or HlgCB at 1:1 molar ratio) for 6 h at 37 ᴼC in 7% 

CO2. Following treatment, the biopsies were vortexed in 250 µl PBS for 4 min at 

maximum speed to lyse epithelial cells and release IL-8 for quantitation. The remaining 

connective tissue was centrifuged at 13,000 rpm for 1 min and the supernatant assayed 

by ELISA for IL-8 using manufactures protocol (R&D, DY208). 

 

Statistical analysis 

All data are combined averages of 3 experiments with 3 replicates (N=3, n=3) unless 

otherwise noted. Statistical differences were analyzed used One-Way ANOVA with either 

Dunnett’s or Bonferroni’s multiple comparison test.  

 

Ethics Statement 

Porcine vaginal tissue was obtained from animals being slaughtered for human 

consumption by the Andrew Boss Meat Science Laboratory at the University of 

Minnesota and is IACUC exempt. Human tissue was obtained from the Tissue 

Procurement Center at the University of Minnesota.  Tissue was de-identified and 

determined by the IRB to not meet the regulatory definition of research with human 

subjects. 
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