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November 26, 2019 
 
To Whom It May Concern: 
 
Please find the enclosed manuscript and video: “Quantifying the Cytotoxicity of Staphylococcus 
aureus Against Human PMNs”, by Jennifer G Dankoff, et al., to be re-submitted to the Journal of 
Visualized Experiments for consideration of publication.  We have included a line-by-line response 
to each of the reviewer’s comments with this resubmitted manuscript.  In this manuscript, we 
describe a method for the purification of polymorphonuclear leukocytes from whole human blood 
and two distinct assays that quantify the cytotoxicity of Staphylococcus aureus against these 
important innate immune cells.  All co-authors have seen and agree with the contents of the 
manuscript and there are no conflicts of interest to report.  We certify that the submission is original 
work and is not under review at any other publication. 
 
Thank you in advance for your time and consideration with the manuscript.  Please contact me if 
you have any questions. 
 
Sincerely, 
 
 
 
 
 
Tyler K. Nygaard, Ph.D.  
 
 

Cover Letter



 

         

TITLE:  1 
Quantifying the Cytotoxicity of Staphylococcus aureus Against Human Polymorphonuclear 2 
Leukocytes 3 
 4 
AUTHORS AND AFFILIATIONS:  5 
Jennifer G. Dankoff1, Kyler B. Pallister1, Fermin E. Guerra1, Alexander J. Parks1, Saul Mastandrea2, 6 
Kelly Gorham2, Jovanka M. Voyich1, Tyler K. Nygaard1 7 
 8 
1Department of Microbiology and Immunology, Montana State University, Bozeman, MT, USA 9 
2University Communications, Montana State University, Bozeman, MT, USA 10 
 11 
Corresponding Author: 12 
Tyler K. Nygaard (tyler.nygaard@msu.montana.edu) 13 
 14 
Email Addresses of Co-authors: 15 
Jennifer G. Dankoff  (jgdankoff@gmail.com) 16 
Kyler B. Pallister  (ky.pallister@gmail.com) 17 
Fermin E. Guerra  (fermin.guerra@msu.montana.edu)  18 
Alexander J. Parks  (budparks98@gmail.com) 19 
Saul Mastandrea  (frank.mastandrea1@montana.edu) 20 
Kelly Gorham   (kelly.gorham@montana.edu) 21 
Jovanka M. Voyich  (jovanka@montana.edu) 22 
 23 
KEYWORDS:  24 
Staphylococcus aureus, MRSA, polymorphonuclear leukocyte, neutrophil, toxin, cytotoxicity, 25 
virulence 26 
 27 
SUMMARY:  28 
This protocol describes a method for the purification of polymorphonuclear leukocytes from 29 
whole human blood and two distinct assays that quantify the cytotoxicity of Staphylococcus 30 
aureus against these important innate immune cells. 31 
 32 
ABSTRACT:  33 
Staphylococcus aureus is capable of secreting a wide range of leukocidins that target and disrupt 34 
the membrane integrity of polymorphonuclear leukocytes (PMNs or neutrophils). This protocol 35 
describes both the purification of human PMNs and the quantification of S. aureus cytotoxicity 36 
against PMNs in three different sections. Section 1 details the isolation of PMNs and serum from 37 
human blood using density centrifugation. Section 2 tests the cytotoxicity of extracellular 38 
proteins produced by S. aureus against these purified human PMNs. Section 3 measures the 39 
cytotoxicity against human PMNs following the phagocytosis of live S. aureus. These procedures 40 
measure disruption of PMN plasma membrane integrity by S. aureus leukocidins using flow 41 
cytometry analysis of PMNs treated with propidium iodide, a DNA binding fluorophore that is cell 42 
membrane impermeable. Collectively, these methods have the advantage of rapidly testing S. 43 
aureus cytotoxicity against primary human PMNs and can be easily adapted to study other 44 

Manuscript Click here to access/download;Manuscript;60681_R1_RE.docx

https://www.editorialmanager.com/jove/download.aspx?id=1142134&guid=c59d8d1a-7540-4469-a1df-42c6b8813c21&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1142134&guid=c59d8d1a-7540-4469-a1df-42c6b8813c21&scheme=1


   

aspects of host-pathogen interactions. 45 
 46 
INTRODUCTION:  47 
Staphylococcus aureus is a Gram-positive bacterium that causes a wide spectrum of diseases in 48 
humans. This prominent pathogen produces numerous virulence factors that contribute to 49 
different aspects of infection. These include surface molecules that allow S. aureus to adhere to 50 
different types of host tissue1, extracellular proteins that interfere with the host immune 51 
response2, and an array of secreted toxins that target different types of host cells3. In this report, 52 
we describe a method that quantifies the cytotoxicity of extracellular proteins produced by S. 53 
aureus against human polymorphonuclear leukocytes (PMNs or neutrophils), primary effector 54 
cells of the host innate immune response.  55 
 56 
PMNs are the most abundant leukocytes in mammals. These circulating immune cells are rapidly 57 
recruited to the site of host tissue insult in response to danger signals produced by resident cells 58 
or by compounds unique to invading microbes. The extracellular input from these molecules and 59 
from direct contacts with activated resident host cells during extravasation increase the 60 
activation state of PMNs in a process known as priming4, 5. Primed PMNs that have reached 61 
distressed tissue then execute important innate immune responses designed to prevent the 62 
establishment of infection. These include the binding and internalization, or phagocytosis, of 63 
invading microorganisms that triggers a cascade of intracellular events cumulating in microbe 64 
destruction by a battery of potent antimicrobial compounds5.  65 
 66 
PMNs play an essential role protecting humans from invading pathogens and are particularly 67 
important for preventing S. aureus infection4. However, this bacterium produces a wide range of 68 
virulence genes that impede different PMN functions. These include extracellular proteins that 69 
block recognition of signaling molecules, prevent adhesion to host tissue, inhibit production of 70 
antimicrobial compounds, and compromise plasma membrane integrity4. S. aureus orchestrates 71 
the temporal expression of these virulence genes through the collective input from multiple two-72 
component sensory systems that recognize specific environmental cues. The SaeR/S two-73 
component system is a major up-regulator of S. aureus virulence gene transcription during 74 
infection6–11. In particular, this two-component system has been shown to be critical for the 75 
production of bi-component leukocidins that specifically target human PMNs12.  76 
 77 
This protocol is broken into three different sections. The first section describes the purification 78 
of PMNs from human blood using density gradient centrifugation using a protocol that has been 79 
adapted from methods established by Bøyum13 and Nauseef14. The second and third sections 80 
detail two different techniques to examine S. aureus cytotoxicity; one intoxicates PMNs with 81 
extracellular proteins produced by S. aureus while the other examines the ability of living bacteria 82 
to damage PMNs following phagocytosis. These procedures use propidium iodide to measure the 83 
loss of PMN plasma membrane integrity caused by S. aureus pore-forming toxins. Propidium 84 
iodide is a DNA-binding fluorophore that is normally cell membrane impermeable but can cross 85 
plasma membranes that have been disrupted by S. aureus toxins. Flow cytometry analysis allows 86 
the rapid quantification of propidium iodide-positive PMNs to measure the relative cytotoxicity 87 
of S. aureus strains. Methicillin-resistant S. aureus (MRSA) identified as pulsed-field gel 88 



   

electrophoresis type USA300 and an isogenic deletion mutant of saeR/S in this strain 89 
(USA300ΔsaeR/S) have been used as models to demonstrate how these procedures can quantify 90 
the cytotoxicity of S. aureus against human PMNs.  91 
 92 
PROTOCOL:  93 
Heparinized venous blood from healthy donors was collected in accordance with protocol 94 
approved by the Institutional Review Board for Human Subjects at Montana State University. All 95 
donors provided written consent to participate in this study. 96 
 97 
1) Purification of human polymorphonuclear leukocytes and isolation of human serum 98 
 99 
NOTE: All reagents should be routinely checked for the presence of endotoxin using a 100 
commercially available endotoxin detection kit and should contain <25.0 pg/mL endotoxin to 101 
prevent unwanted priming of PMNs.  102 
 103 
1.1) Bring 50 mL of 3% dextran-0.9% NaCl (w/v), 35 mL of 0.9% NaCl (w/v), 20 mL of 1.8% NaCl 104 
(w/v), 12 mL of 1.077 g/mL density gradient solution, and 20 mL of injection- or irrigation-grade 105 
water to room temperature. 106 
 107 
1.2) To isolate human serum, incubate 4 mL of freshly drawn human blood without anti-108 
coagulant at 37 °C in a 15 mL glass tube for 30 min. After incubation, centrifuge sample at 2,000–109 
3,000 × g for 10 min at room temperature. Transfer the upper serum layer into a fresh 15 mL 110 
conical centrifuge tube and place on ice. 111 
 112 
1.3) Combine 25 mL of freshly drawn heparinized (1000 units/mL) whole human blood with 25 113 
mL of room temperature 3% dextran-0.9% NaCl (1:1 ratio) in two replicate 50 mL conical 114 
centrifuge tubes (50 mL total volume per tube). Mix by gently rocking each 50 mL conical tube 115 
and then let stand at room temperature for 30 min.  116 
 117 
1.4) After incubation at room temperature, two separate layers will appear. Transfer the top layer 118 
of each dextran-blood mixture into new 50 mL conical tubes and centrifuge at 450 x g for 10 min 119 
at room temperature with low or no brakes.  120 
 121 
1.5) Carefully aspirate both supernatants and discard without disturbing the cell pellets. Gently 122 
resuspend each cell pellet in 2 mL of room temperature 0.9% NaCl, combine the resuspended 123 
pellets in a single 50 mL conical tube, then add the remaining 0.9% NaCl (final volume of 35 mL).  124 
 125 
1.6) Carefully underlay 10 mL of room temperature of 1.077 g/mL density gradient solution 126 
beneath the cell suspension using a hand pipette. Spin at 450 x g for 30 min at room temperature 127 
with low or no brakes. Gently aspirate the supernatant without disturbing the cell pellet. 128 
Supernatant will contain peripheral blood mononuclear cells that can be collected as previously 129 
described14. 130 
 131 
1.7) Lyse the red blood cells by resuspending the cell pellet in 20 mL of room temperature water. 132 



   

Mix gently by rocking the tube for 30 s. The lysis of red blood cells will be accompanied by a 133 
distinct decrease in turbidity.  134 
 135 
1.8) Immediately add 20 mL of 1.8% NaCl (at room temperature [RT]) and centrifuge sample at 136 
450 × g for 10 min at room temperature.  137 
 138 
NOTE: It is important to minimize the time that PMNs are left in water alone following red blood 139 
cell lysis to maximize PMN yield and prevent PMN lysis and/or activation. 140 
 141 
1.9) Carefully aspirate the supernatant without disturbing the cell pellet. Gently resuspend the 142 
cell pellet in 2 mL of RT RPMI 1640 medium and place on ice.  143 
 144 
1.10) Count cells using a hemocytometer. Resuspend purified PMNs at a concentration of 1 x 107 145 
cells/mL with ice-cold RPMI and keep on ice. 146 
 147 
1.11) Combine 100 µL of purified PMNs (1 x 106 cells) with 300 µL of ice-cold Dulbecco's 148 
phosphate-buffered saline (DPBS) containing 1 µL of propidium iodide stain in two replicate flow 149 
cytometry tubes. For a positive control for plasma membrane damage, add 40 µL of 0.5% Triton 150 
X-100 solution into one of the flow cytometry tubes and mix thoroughly.  151 
 152 
1.12) Use flow cytometry to measure the forward scatter, side scatter, and propidium iodide 153 
staining (excitation/emission maxima at 535/617 nm) of purified cells (Figure 1).  154 
 155 
NOTE: Forward and side scatter analysis will identify unwanted populations of lymphocytes and 156 
monocytes. Propidium iodide will only stain cells with a compromised plasma membrane and 157 
purified PMNs that have pronounced populations of propidium iodide positive cells should not 158 
be used. For these studies, purified PMNs were only used if they comprised >98% of purified cells 159 
and <5% stained positive for propidium iodide.  160 
 161 
1.13) Prepare a 96-well plate for PMN cytotoxicity assays by coating individual wells that will be 162 
used in this assay with 100 µL of 20% isolated human serum that has been diluted with DPBS.  163 
 164 
NOTE: Plating PMNs directly on plastic or glass will cause activation of the cells. Be sure to include 165 
at least one negative control well that will only receive media and at least one positive control 166 
well that will receive 0.05% Triton X-100. 167 
 168 
1.14) Incubate the plate at 37 °C for 30 min. Following incubation, wash the coated wells twice 169 
with ice-cold DPBS to remove any excess serum. Gently tap the plate upside down to remove any 170 
residual DPBS and place on ice. 171 
 172 
1.15) Gently add 100 µL of purified human PMNs at 1 x 107 cells/mL to each coated well (1 x 106 173 
PMNs/well). Allow PMNs to settle in wells by incubating the plate on ice for at least 5 min. Keep 174 
the plate level to allow even distribution of cells in each well and leave on ice to avoid unwanted 175 
activation of PMNs. 176 



   

 177 
2) Cytotoxicity assay of S. aureus extracellular proteins against human polymorphonuclear 178 
leukocytes 179 
 180 
2.1) Culture S. aureus overnight in tryptic soy broth (TSB) using a shaking incubator set at 37 °C. 181 
For these studies, 20 mL of TSB in separate 150 mL Erlenmeyer flasks were inoculated with frozen 182 
cultures of S. aureus strains USA300 or USA300ΔsaeR/S and grown for approximately 14 h with 183 
shaking at 250 rpm.  184 
 185 
2.2) Subculture S. aureus by performing a 1:100 dilution of overnight bacterial culture with fresh 186 
media. Incubate at 37 °C with shaking until the bacteria reach early stationary growth phase.  187 
 188 
NOTE: For these experiments, 20 mL of tryptic soy broth in 150 mL Erlenmeyer flasks were 189 
inoculated with 200 µL of overnight cultured USA300 or USA300ΔsaeR/S and incubated at 37 °C 190 
with shaking at 250 rpm for 5 h.  191 
 192 
2.3) When bacteria have reached early stationary growth phase, transfer 1 mL of subcultured S. 193 
aureus into a 1.5 mL microcentrifuge tube and centrifuge at 5,000 × g for 5 min at room 194 
temperature.  195 
 196 
2.4) Following centrifugation, transfer supernatant into a 3 mL syringe. Pass supernatants 197 
through a 0.22 µm filter and into a new 1.5 mL microcentrifuge tube on ice.  198 
 199 
2.5) Perform serial dilutions of supernatants with ice-cold media used to culture S. aureus.  200 
 201 
NOTE: For the experiments shown, supernatants from USA300 and USA300ΔsaeR/S underwent 202 
four consecutive 1/2 log dilutions with ice-cold TSB.  203 
 204 
2.6) Gently add supernatant samples or media alone (for negative and positive controls) to 205 
individual wells of 96-well plate containing PMNs on ice from step 1.15. For these experiments, 206 
10 µL of USA300 or USA300ΔsaeR/S supernatant samples were added to each well. Gently rock 207 
plate to distribute supernatants in wells and incubate at 37 °C.  208 
 209 
2.7) At desired times, remove the plate from incubator and place on ice. Add 40 µL of 0.5% Triton 210 
X-100 to the positive control well.  211 
 212 
2.8) Gently pipette the samples up and down in each well to completely pull off all PMNs adhered 213 
to plate, then transfer the samples to flow cytometry tubes on ice that contain 300 µL of ice-cold 214 
DPBS with 1 µL of propidium iodide.  215 
 216 
2.9) Measure the proportion of propidium iodide-positive PMNs using flow cytometry (Figure 217 
2A). When bound to DNA, propidium iodide has excitation/emission at 535/617 nm. 218 
 219 
3) S. aureus cytotoxicity assay against human polymorphonuclear leukocytes following 220 



   

phagocytosis 221 
 222 
NOTE: Growth curves defined by the optical density at 600 nm (OD600) and concentration of 223 
bacteria must be determined empirically for the S. aureus strains to be tested before beginning 224 
this assay. Success of these experiments requires the consistent harvest of equal concentrations 225 
of each S. aureus strain tested at mid-exponential growth phase using the OD600 of sub-cultured 226 
bacteria.  227 
 228 
3.1) Start overnight cultures of S. aureus strains and subculture bacteria as described in steps 229 
2.1.1 and 2.1.2.  230 
 231 
3.2) Harvest subcultured S. aureus when it has reached mid-exponential growth by transferring 232 
1 mL of cultured bacteria to a 1.5 mL microcentrifuge tube and centrifuging at 5,000 × g for 5 min 233 
at room temperature.  234 
 235 
NOTE: Under our growth conditions, USA300 and USA300ΔsaeR/S reached mid-exponential 236 
growth phase after approximately 135 min of incubation6. 237 
 238 
3.3) Wash S. aureus following centrifugation by aspirating the supernatant, resuspending the 239 
pelleted bacteria in 1 mL of DPBS, vortexing the sample for 30 s, and centrifuging at 5,000 × g for 240 
5 min at room temperature.  241 
 242 
3.4) Opsonize S. aureus by resuspending the bacterial pellet in 1 mL of 20% human serum diluted 243 
with DPBS and incubating at 37 °C with agitation for 15 min. 244 
 245 
3.5) Centrifuge opsonized bacteria at 5,000 x g for 5 minutes at room temperature. Wash S. 246 
aureus following centrifugation by aspirating the supernatant, resuspending the pelleted bacteria 247 
in 1 mL DPBS, then vortex the sample until the bacterial pellet is completely broken apart plus an 248 
additional 30 seconds. Centrifuge bacteria at 5,000 × g for 5 min at room temperature.  249 
 250 
3.6) Resuspend opsonized S. aureus strains in 1 mL RPMI, vortex the sample until bacterial pellet 251 
is completely broken apart, and then for an additional 30 s. Place bacteria on ice. 252 
 253 
3.7) Dilute opsonized S. aureus strains to the desired concentration with ice-cold RPMI. Vortex 254 
for 30 s and place on ice.  255 
 256 
3.8) Confirm the concentration of opsonized S. aureus by plating 1:10 serial dilutions of bacteria 257 
on tryptic soy agar.  258 
 259 
NOTE: Because differences in the concentration of bacteria used in this assay can have a major 260 
impact on subsequent PMN plasma membrane permeability (Figure 3A), it is very important that 261 
the concentration of each strain tested is determined for every experiment and is equivalent 262 
between strains.  263 
 264 



   

3.9) Gently add 100 µL/well of each S. aureus strain or RPMI (for positive and negative controls) 265 
to PMNs in the 96-well plate on ice from step 1.14. Gently rock plate to distribute S. aureus in 266 
wells. 267 
 268 
3.10) Synchronize phagocytosis by centrifuging the plate at 500 × g for 8 min at 4 °C15. Incubate 269 
plate at 37 °C immediately following centrifugation (T = 0). 270 
 271 
3.11) At desired times, remove plate from incubator and place on ice. Add 40 µL of 0.5% Triton 272 
X-100 to the positive control well.  273 
 274 
3.12) Gently pipette the samples up and down in each well to completely pull off all PMNs 275 
adhered to plate, then transfer the samples to flow cytometry tubes on ice containing 200 µL of 276 
ice-cold DPBS with 1 µL of propidium iodide. 277 
 278 
3.13) Analyze samples for propidium iodide staining using flow cytometry as described in step 279 
2.9.  280 
 281 
REPRESENTATIVE RESULTS:  282 
We have demonstrated how the procedures described above can be used to relatively quantify 283 
the cytotoxicity of S. aureus against human PMNs using MRSA PFGE-type USA300 and an isogenic 284 
deletion mutant of saeR/S in this strain (USA300ΔsaeR/S) generated in previous studies6. PMNs 285 
isolated using the procedures described in section 1 of this protocol were stained with propidium 286 
iodide and examined using flow cytometry. Forward and side scatter plots were used to illustrate 287 
contamination of purified PMNs by monocytes or lymphocytes (Figure 1A,B) and PMN integrity 288 
was determined using propidium iodide staining (Figure 1C). The described method of human 289 
PMN purification can consistently yield 0.5 x 107 to 1 x 108 PMNs that are >98% pure and are 290 
>95% propidium iodide negative. 291 
 292 
The cytotoxicity of extracellular proteins produced by USA300 and USA300ΔsaeR/S were tested 293 
against purified PMNs (Figure 2) following the procedures described in section 2 of this protocol. 294 
These experiments demonstrate a concentration dependent increase in the propidium iodide 295 
staining of purified PMNs following 30 min of intoxication with extracellular proteins produced 296 
by USA300 (Figure 2B). Previous studies have demonstrated that the SaeR/S two-component 297 
system is important for expression of numerous bi-component leukocidins that target human 298 
PMNs6, 10, 11, 16. Congruent with these previous findings, very few propidium iodide-positive PMNs 299 
were detected following exposure to extracellular proteins produced by USA300ΔsaeR/S (Figure 300 
2B). Further experiments demonstrated a steady increase in the proportion of lysed PMNs 301 
following intoxication by USA300 extracellular proteins that plateaued after approximately 30 302 
min (Figure 2C). Minimal lysis of human PMNs was noted at all timepoints following exposure to 303 
extracellular proteins produced by USA300ΔsaeR/S. These results illustrate the utility of this 304 
assay for the relative quantification of cytotoxicity by extracellular S. aureus proteins against 305 
human PMNs. 306 
 307 
We tested USA300 and USA300ΔsaeR/S using the S. aureus cytotoxicity assay against human 308 



   

PMNs following phagocytosis that is described in section 3 of this protocol (Figure 3). A 309 
concentration dependent increase in the proportion of propidium iodide positive PMNs was 310 
observed 90 min after the phagocytosis of USA300 (Figure 3A). A significant decrease was 311 
observed in the proportion of PMNs that were propidium iodide positive following the 312 
phagocytosis of USA300ΔsaeR/S (Figure 3A), supporting other results that indicate the SaeR/S 313 
two-component system is important for the cytotoxicity of S. aureus against human PMNs (Figure 314 
2)7, 11. As previously mentioned and demonstrated in Figure 3A, differences in S. aureus 315 
concentration have a pronounced impact on PMN lysis following phagocytosis. Enumeration of 316 
the USA300 and USA300ΔsaeR/S inoculum used in each of these experiments demonstrated that 317 
the contrast in cytotoxicity between these strains was not due to differences in the concentration 318 
of bacteria used (Figure 3B). These findings show how the S. aureus cytotoxicity assay against 319 
human PMNs following phagocytosis can be used to assess the ability of different S. aureus 320 
strains to compromise human PMN plasma membrane integrity.  321 
 322 
FIGURE AND TABLE LEGENDS: 323 
 324 
Figure 1: Flow cytometry analysis of purified PMNs. Representative flow cytometry dot plots of 325 
(A) purified human PMNs and (B) PMNs that have been purposely contaminated with peripheral 326 
blood mononuclear cells. (C) Representative flow cytometry histogram demonstrating minimal 327 
propidium iodide staining (<1%) of purified PMNs (shaded grey) as compared to PMNs treated 328 
with 0.05% Triton X-100 (shaded red). 329 
 330 
Figure 2: Flow cytometry analysis of PMNs intoxicated with extracellular proteins produced by 331 
S. aureus. (A) Representative flow cytometry histogram of PMNs stained with propidium iodide 332 
after 30 min of incubation with media control (shaded blue), filtered USA300 supernatant at a 333 
final concentration of 1:110 (shaded grey), or 0.05% Triton X-100 (shaded red). (B) The proportion 334 
of propidium iodide positive PMNs after 30 min of incubation with different concentrations of 335 
USA300 or USA300∆saeR/S supernatants. (C) The proportion of propidium iodide positive PMNs 336 
over time following incubation with USA300 or USA300∆saeR/S supernatant at a final 337 
concentration of 1:110. Data are presented as mean ± SEM of at least 3 separate experiments 338 
with * p ≤ 0.05 and ** p ≤ 0.005 as determined by two-tailed t-test. 339 
 340 
Figure 3: Flow cytometry analysis of PMNs following phagocytosis of S. aureus. (A) The 341 
proportion of propidium iodide positive PMNs 90 min after the phagocytosis of different 342 
concentrations of USA300 or USA300∆saeR/S. (B) Concentration of opsonized S. aureus strains 343 
used for the experiments shown in panel A. Data are presented as mean ± SEM of 4 separate 344 
experiments with * p ≤ 0.01 as determined by two-tailed t-test. 345 
 346 
DISCUSSION:  347 
This protocol describes the purification of PMNs from human blood and two distinct assays that 348 
use propidium iodide for quantifying the cytotoxicity of S. aureus against these important innate 349 
immune cells. The success of these procedures will depend upon the quality of purified PMNs 350 
and the appropriate preparation of S. aureus and extracellular proteins produced by this 351 
pathogen. For the isolation of PMNs, it is important to minimize PMN activation during and after 352 



   

purification by using reagents free of endotoxin contamination, treating cell preparations gently, 353 
and keeping cells at the appropriate temperature. Signs that indicate activation of PMNs include 354 
clumping of cells during purification and when more than 5% of isolated cells stain positive for 355 
propidium iodide. Because of the relatively short life span of PMNs, these cells must be isolated 356 
from human blood and tested in the same day. PMNs will begin to exhibit signs of spontaneous 357 
apoptosis if left on ice for more than 3 h after purification. As mentioned earlier, it is very 358 
important that every PMN preparation is carefully evaluated using flow cytometry analysis of 359 
forward and side scatter as well as propidium iodide staining to ensure the purity and integrity 360 
of isolated cells.  361 
 362 
The expression of bi-component leukocidins by S. aureus is responsible for the majority of 363 
compromised PMN plasma membrane integrity that is observed using the assays described in 364 
this protocol. Variation in the expression of these toxins and other pore-forming peptides, such 365 
as phenol-soluble modulins, between strains of S. aureus will produce differences in cytotoxicity 366 
against human PMNs. Significant deviations during in vitro growth between S. aureus strains will 367 
also influence expression of pore-forming toxins and subsequent cytotoxicity. In addition, the 368 
ratio of S. aureus to PMNs in phagocytosis assays has a major impact on subsequent PMN plasma 369 
membrane permeability (Figure 3A) and these experiments require the consistent harvest of 370 
equal concentrations of each S. aureus strain tested at mid-exponential growth phase using the 371 
OD600 of subcultured bacteria. Given these considerations, it is very important to define growth 372 
curves for all strains that will be examined before beginning cytotoxicity assays. We do not 373 
recommend these methods for analyzing S. aureus cytotoxicity with strains that exhibit 374 
significant growth differences in vitro.  375 
 376 
USA300 is a virulent MRSA isolate that is known to be highly cytotoxic against human PMNs15 and 377 
the loss of SaeR/S in this strain dramatically reduces transcription of numerous bi-component 378 
leukocidins that target human PMNs6, 12, making these strains ideal models for comparing 379 
cytotoxicity using the assays described. However, there is extensive genetic variation between 380 
different S. aureus isolates and the parameters detailed in these protocols may not result in 381 
substantial changes in cytotoxicity against human PMNs when testing other S. aureus strains. 382 
Tailoring the growth conditions, volumes of supernatants added, or ratio of bacteria to PMNs 383 
may be required for success with these methods using other strains of S. aureus.  384 
 385 
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Name Company

0.9% Sodium Chloride Injection, USP, 500 mL VIAFLEX Plastic Container Baxter

1.5 mL micro-centrifuge tubes with Snap Caps VWR

1.8% Sodium Chloride Solution Sigma-Aldrich

12x75mm Culture tubes VWR

20% (w/w) Dextran Sigma-Aldrich

3125 Hand Tally Counter Traceable Products

50 mL conical centrifuge tubes VWR

Bacto Tryptic Soy Broth, Soybean-Casein Digest Medium FischerScientific

BD Disposable Syringes with Luer-Lok Tips, 3 mL FischerScientific

Bright-Line Hemocytometer Sigma-Aldrich

DPBS, 1x (Dulbecco's Phosphate Buffered Saline) with calcium and magnesium Corning

Ficoll-Paque PLUS GE Healthcare

Fisherbrand Sterile Polystyrene Disposable Serological Pipets FischerScientific

Greiner CELLSTAR 96 well plates Millipore Sigma

OMICRON Syringe Filters Omicron Scientific 

Propidium iodide ThermoFisher Scientific

PYREX Brand 4980 Erlenmeyer Flasks Cole-Parmer

RPMI 1640, 1X without L-glutamine, phenol red Corning

Sterile Water for Irrigation, USP Baxter

The Pipette Pump Bel-Art Products

Triton X-100 Sigma-Aldrich
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Catalog Number Comments

2B1323Q PMN purification

89000-044 Used in washing cells

S5150 PMN purification

60818-430 Used as flow cytometry tubes

D8802 PMN purification

3125CC For counting cells

89039-656 For dispensing media

211823 For growing cell cultures

BD 309657 For filtering supernatants

Z359629 Cell counting apparatus 

21-030-CV Used in washing cells

17-1440-02 PMN purification

13-678-11E For aspirating liquid

M0687 Plate for holding experimental samples

SFPV13R For filtering supernatants

P3566 Membrane impermeable DNA stain

EW-34503-24 For growing cell cultures

17-105-CV Used in resuspending cells

2F7113 PMN purification

F37898 For aspirating liquid

X100 Membrane integrity positive control



You will find Editorial comments and Peer-Review comments listed below. Please read this entire email before making 
edits to your manuscript. 
NOTE: Please include a line-by-line response to each of the editorial and reviewer comments in the form of a letter along 
with the resubmission.  
 
Editorial Comments: 
 
• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical 
errors. 

Response:  The manuscript has been thoroughly proofread. 
 
• Please avoid abbreviations in the title (both video and text). 

Response:  The title has been revised as requested. 
 
• Protocol Detail: 
1) Please ensure that all details and actions mentioned in the video are in the protocol text. 

Response:  All details and actions in the video are provided in the text. 

 
2) Please include an ethics statement before your numbered protocol steps indicating that the protocol follows the 
guidelines of your institutions human research ethics committee. 

Response:  An ethics statement has been added as requested. 

 
3) Ficoll-Paque is a commercial name and must be replaced with a generic alternative in the video and text. 

Response:  Reference to Ficoll-Paque has been changed as requested. 
 
• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly 
focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) 
modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) 
future applications and 5) critical steps within the protocol. 

Response:  Discussion covers the requested information. 
 
• Figure/Tables: 
1) Please remove the embedded figures from the manuscript. Figure legends, however, should remain within the 
manuscript text, directly below the Representative Results text. 

Response:  Figures have been removed as requested. 

 
2) Define error bars in fig 2BC, 3AB 

Response:  Error bars have been defined as requested. 

 
3) Please remove the figure legends from the figure files and place them directly below the Representative Results text. 

Response:  Figure legends have been removed from figure files. 
 
• References: 
1) Please number your references in the order they appear and use superscripted in-text citations numbering. 

Response:  References have been adjusted as requested. 
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2) Please make sure that your references comply with JoVE instructions for authors. Citation formatting should appear as 
follows: (For 6 authors or less list all authors. For more than 6 authors, list only the first author then et al.): [Lastname, F.I., 
LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, doi:DOI (YEAR).] 

Response:  References have been adjusted as requested. 

 
3) Please spell out journal names. 

Response:  Journal names are now spelled out as requested. 
 
• If your figures and tables are original and not published previously or you have already obtained figure permissions, 
please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to 
re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial 
policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and 
pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested 
by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from 
[citation]." 

Response:  All figures and tables used are original. 
 
Video Comments: 
 
• 0:01 - The university logo should be removed here. It can be included at the end of the video. 

Response:  The requested video edits have been made. 

 
• 0:50-1:31, 5:28-5:55, 8:01-8:20 - The run time of this video 14:23, which is getting close to our 15 minute cap and much 
longer than the average Jove video. We recommend removing these materials lists from the video. They do not provide 
any important visual information beyond the text of the list, and that list will be included in the text protocol on the same 
webpage as the video. On screen text can be added that refers the video to those materials lists. 

Response:  The requested video edits have been made. 

 
• 2:06 - There are one or two black frames in the middle of this edit. This edit should be a crossfade to avoid a jump cut. 
• 3:16, 3:24, 3:32, 9:05 - Jump cuts, like the one here, where the angle is not changed between shots, should be avoided.  

Response:  The requested video edits have been made. 

Jump cuts tend to have a jarring effect on the audience, and don't fit with our visual style. Please use cross 
dissolves (aka fades) to cover those edits. 

Response:  The requested video edits have been made. 

 
• 8:51-9:01 - This shot is shown over silence. The narration describing it ("...and resuspend the pelleted bacteria at 1 mm 
DPBS.") is played over the previous shot. This part of the narration should be moved over this shot so that it is clear what 
we are seeing. 

Response:  The requested video edits have been made. 

 
• Please upload your new video here : https://www.dropbox.com/request/oGbE9Z8Fx6flgFLT3RKO?oref=e 

 



Comments from Peer-Reviewers:  
 
Reviewer #1: 
Manuscript Summary: 
Overall, the manuscript is very well written, informative and concise. The steps were easy to understand and they were 
presented in a clear and detailed manner. However, there were several major concerns regarding the manuscript & video 
that the authors could look into. 
 
Major Concerns: 
Manuscript 
1. S. aureus USA300 strain used in this study is a highly virulent pathogen. However, there was no mention of the use of 
a biosafety cabinet or appropriate PEP in the handling of this strain. 

Response:  Handling of S. aureus and the use of appropriate PEP shown in the video section conformed to all 
Montana State University safety requirements for this pathogen.  We did not specify these requirements as they 
will vary between research institutions.  The use of a biosafety cabinet or appropriate PEP are not specified in 
numerous previously published JoVE manuscripts that also used S. aureus.  

 
2. The authors have successfully shown the rapid testing of S. aureus cytotoxicity on PMN using flow-cytometry. 
However, there was no comparison done to other cytotoxicity assays such as LDH or MTT that utilize the colorimetric 
method. As flow cytometry might not be available in some laboratories (lower-income regions), colorimetric methods are 
usually preferred as they are relatively simple to handle and provide good detection. Perhaps the authors could discuss 
more on why flow-cytometry is chosen instead of the other methods. 

Response:  One of the most important components of this procedure is the isolation of pure PMNs that exhibit 
minimal activation.  We cannot condone protocols that do not carefully evaluate isolated PMNs for other 
contaminating cells or PMN activation that can confound experimental results.  Although other methods can 
measure the disruption of PMN membrane integrity, only flow cytometry allows the rapid evaluation of PMN purity 
and activation that is required for every preparation prior to using these cells.   

 
Video 
1. As in the manuscript, the handling of both S. aureus strains was not done within an appropriate BSC. 

Response:  Please see comment above. 

 
2. The list of materials/items for each step can be excluded from the video as listeners can always refer to the manuscript.  

Response:  The requested video edits have been made. 

 
3. The video is too lengthy and wordy. It will be easier for the listeners if the authors only include pertinent steps in the 
video.  

Response:  The video length has been shortened. 

 
4. The clarity of voice can be improved.  

Response:  We feel the clarity of voice in the video is adequate and cannot be dramatically improved 

 
Minor Concerns: 
1. Line 105 - To revise the subtitle to - "Isolation of Human Serum and Purification of Human Polymorphonuclear 
Leukocytes  



Response:  We prefer to emphasize the most important component of this part of the procedure, the isolation of 
PMNs.  As such we have left this subtitle as is.  

 
2. The authors can include a simple flow-chart to accompany each section in the video for better clarity. 

Response:  We have not included a flow-chart because we feel the manuscript and video provide adequate 
clarity for the procedure described, as supported by Reviewer 2 comments. 

 
Reviewer #2: 
Manuscript Summary: 
This manuscript provides a series of protocols designed to test the cytotoxicity of S. aureus and its secreted factors 
against purified human PMNs. The assays use propidium iodide and flow cytometry to measure damage to the PMN 
membrane as a measure of cytotoxicity. The protocols are clearly described with sufficient detail and the representative 
results provide a nice example of expected outcomes. The video was nicely done and easy to follow. This will be a useful 
protocol. 

Response:  We appreciate the comments and support provided by Reviewer 2. 

 
Major Concerns: 
None 
 
Minor Concerns: 
None 

 


