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SUMMARY: 27 

A simple ATP-measuring assay and live/dead staining method were used to quantify and visualize 28 

Neisseria gonorrhoeae survival after treatment with ceftriaxone. This protocol can be extended 29 

to examine the antimicrobial effects of any antibiotic and can be used to define the minimal 30 

inhibitory concentration of antibiotics in bacterial biofilms. 31 

 32 

ABSTRACT: 33 

The emergence of antibiotic resistant Neisseria gonorrhoeae (GC) is a worldwide health threat 34 

and highlights the need to identify individuals who fail treatment. This Gram-negative bacterium 35 

causes gonorrhea exclusively in humans. During infection, it is able to form aggregates and/or 36 

biofilms. The minimum inhibitory concentration (MIC) test is used for to determine susceptibility 37 

to antibiotics and to define appropriate treatment. However, the mechanism of the eradication 38 

in vivo and its relationship to laboratory results are not known. A method that examines how GC 39 

aggregation affects antibiotic susceptibility and shows the relationship between aggregate size 40 

and antibiotic susceptibility was developed. When GC aggregate, they are more resistant to 41 

antibiotic killing, with bacteria in the center surviving ceftriaxone treatment better than those in 42 

the periphery. The data indicate that N. gonorrhoeae aggregation can reduce its susceptibility to 43 

ceftriaxone, which is not reflected using the standard agar plate-based MIC methods. The 44 
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method used in this study will allow researchers to test bacterial susceptibility under clinically 45 

relevant conditions. 46 

 47 

INTRODUCTION: 48 

Gonorrhea is a common sexually transmitted infection (STI)1. Neisseria gonorrhoeae (GC), a 49 

Gram-negative diplococcal bacterium, is the causative agent of this disease. Symptoms of genital 50 

infection can result in pain during urination, generalized genital pain, and urethral discharge. 51 

Infection is often asymptomatic2-5, and this allows for extended colonization. These untreated 52 

infections are a major health concern, as they have the potential to facilitate transmission of the 53 

organism and this can lead to complications such as pelvic inflammatory disease (PID) and 54 

disseminated gonococcal infection (DGI)6. Antibiotic-resistant gonorrhea is a major public health 55 

crisis and an increasing socioeconomic burden7. Reduced susceptibility to cephalosporins has 56 

resulted in treatment regimen change from a single antibiotic to dual therapy, which combines 57 

azithromycin or doxycycline with ceftriaxone8. The increased failure of ceftriaxone and 58 

azithromycin9,10, in combination with asymptomatic infections, highlights the need for 59 

understanding gonorrhea treatment failures. 60 

 61 

The minimum inhibitory concentration (MIC) test, including agar dilution and disc diffusion tests, 62 

has been used as the standard medical test for identifying resistance to an antibiotic. 63 

Nevertheless, it is unclear if the MIC test reflects bacterial antibiotic resistance in vivo. The 64 

formation of bacterial biofilms contributes to the survival of bacteria in the presence of 65 

bactericidal concentrations of antibiotic: the MIC testing is unable to detect this effect11. Because 66 

GC can form biofilms on mucosal surfaces12, we hypothesize that antibiotic susceptibility within 67 

aggregates would be different from that seen in individual GC. Additionally, studies have shown 68 

that three phase variable surface molecules, Pili, opacity-associated protein (Opa), and 69 

lipooligosaccharides (LOS), that regulate inter-bacterium interactions, lead to different sized 70 

aggregates13-15. The contribution of these components to antibiotic resistance has not been 71 

examined due to the lack of proper methods.  72 

 73 

Currently, there are several methods to measure biofilm eradication. The most widely used 74 

quantitative method is by measuring the changes in biomass using crystal violet staining16. 75 

However, the method requires significant experimental manipulation, which can potentially 76 

generate errors in experiment repeats17. The live/dead staining method used here allows 77 

visualization of live and dead bacteria and their distribution within the biofilm. However, the 78 

biofilm structure can pose as a physical barrier that reduces dye penetration. Therefore, to 79 

quantify live/dead bacteria within a group, the staining is limited to small biofilms or its 80 

precursor- microcolonies or aggregations. Other methods, including the agar dilution and disc 81 

diffusion tests, are not able to measure the effects of aggregation. To examine GC susceptibility 82 

within aggregation after antibiotic exposure, an ideal method would need to have both a 83 

quantitative assay that can measure live bacteria and visualize their distribution.  84 

 85 

The procedure described here combines an ATP-utilization measurement and a live/dead staining 86 

assay to quantitatively and visually examine GC susceptibility within aggregates in the presence 87 

of antibiotics. 88 



 89 

PROTOCOL: 90 

 91 

1. General maintenance of GC strains 92 

 93 

1.1 Streak N. gonorrhoeae strains on GCK agar with 1% Kellogg supplements18 (Table 1, Table 94 

2) from freezer stocks and incubate 37 °C with 5% CO2 for 16-18 h. Use MS11 expressing phase-95 

variable Opa (MS11Opa+), no Opa (MS11ΔOpa), or a truncated LOS (MS11ΔLgtE). 96 

 97 

1.2 Carefully pick pili negative (colony without dark edge) or positive (colony with dark edge) 98 

colonies from each strain based on colony morphology19 using a dissecting light microscope and 99 

streak onto a new GCK plate.  100 

 101 

1.3 Incubate at 37 °C with 5% CO2 for 16–18 h before use. 102 

 103 

2. Viability quantification of GC aggregations 104 

 105 

2.1 Collect GC using a sterile applicator. Swab GC from the plate and re-suspend GC in pre-106 

warmed broth(GCP, Table 3) supplemented with 4.2% NaHCO3 and 1% Kellogg solutions18. Use 107 

spectrophotometry at a wavelength of 650 nm (an OD650 of 1 = ~1 x 109 CFU/mL) to determine 108 

the concentration of suspended bacteria.  109 

 110 

2.2 Adjust the concentration of GC to ~1 x 108 CFU/mL. 111 

 112 

2.3 Add 99 µL of adjusted GC suspension into wells of a 96-well plate. 113 

 114 

2.4 Incubate the plate for 6 h at 37 °C with 5% CO2 to allow the bacteria to aggregate. 115 

 116 

2.5 Add 1 µL of serial diluted ceftriaxone (1000, 100, 50, 25, 12.5, 6.2, 3.1, 1.5, 0.8, 0.4, 0.2 117 

µg/mL) into each well. Leave some wells untreated to serve as controls. 118 

 119 

2.6 Incubate the plate for 24 h at 37 °C with 5% CO2. 120 

 121 

2.7 Sonicate the suspension 3 times in each well for 5 s at 144 W and 20 kHz. 122 

 123 

2.8 Add 100 µL of commercially available ATP utilization glow reagent into each well, pipette 124 

up-and down for 3 times, and incubate for 15 min at 37 °C with 5% CO2. 125 

 126 

2.9 Carefully transfer 150 µL of mixture from each well into a new well in a 96-well black 127 

microplate and avoid introducing bubbles. 128 

 129 

2.10 Measure the absorbance of each well at 560 nm using the plate reader.  130 

 131 



2.11 Calculate the survival rate by the ratio of the reading obtained after serial ceftriaxone 132 

treatment to the reading from untreated wells. 133 

 134 

3. Fluorescence microscopic analysis of Live/Dead of GC aggregates 135 

 136 

3.1 Collect GC using a sterile applicator. Swab GC from the plate and re-suspend GC in pre-137 

warmed GCP media plus 1% Kellogg supplements. 138 

 139 

3.2 Determine the number of bacteria by spectrophotometry at a wavelength of 650 nm and 140 

adjust the concentration of GC to ~1 x 107 CFU/mL. 141 

 142 

3.3 Add 198 µL of GC suspension into in 8-well coverslip-bottom chambers. 143 

 144 

3.4 Incubate the chamber for 6 h at 37 °C with 5% CO2 to allow aggregation formation. 145 

 146 

3.5 Add 2 µL of ceftriaxone (100 µg/mL or various dilutions) into each well within each 147 

aggregation condition. Incubate for the desired time at 37 °C with 5% CO2. 148 

 149 

3.6 Add 0.6 µL of live/dead staining solution mixture into each well and incubate for 20 min 150 

at 37 °C with 5% CO2. 151 

 152 

3.7 Acquire Z-series images using a confocal microscope (an equivalent microscope can be 153 

used).  154 

 155 

3.8 Analyze the images using ImageJ software for measurement of the size of GC aggregates 156 

and the fluorescence intensity ratio (FIR) of live-to-dead staining in each aggregate. 157 

 158 

4. Image analysis 159 

 160 

4.1 Estimation of the size of bacterial aggregates. 161 

 162 

4.1.1 Open ImageJ and open an image by dragging a raw image file to the ImageJ menu bar. 163 

 164 

4.1.2 Click Freehand Lines in the ImageJ menu bar and circle the area of each aggregation in 165 

the image. 166 

 167 

4.1.3 Click Analyze | Measure in the ImageJ menu bar. 168 

 169 

4.1.4 Obtain the number in a new window under the Area column. 170 

 171 

4.2 Quantification of live-to-dead ratio of aggregations 172 

 173 

4.2.1 Open ImageJ and open an image by dragging a raw image file to the ImageJ menu bar. 174 

 175 



4.2.2 Click Analyze | Set Measurements in the ImageJ menu bar. 176 

 177 

4.2.3 Check the integrated density in the pop-up window and click OK. 178 

 179 

4.2.4 Click Image | Color | Channels Tool in the menu bar and select Color. 180 

 181 

4.2.5 Check Channel 1 as the fluorescence for live bacteria staining. 182 

 183 

4.2.6 Click Freehand Lines in the ImageJ menu bar and circle the area of each aggregation. 184 

 185 

4.2.7 Click Analyze | Measure in the ImageJ menu bar. 186 

 187 

4.2.8 Obtain the number under IntDen column. 188 

 189 

4.2.9 Check Channel 2 as the fluorescence for dead bacterial staining. Repeat steps 4.2.6-4.2.8. 190 

 191 

4.2.10 Obtain the live-to-dead ratio by dividing number from step 4.2.8 by number from step 192 

4.2.9.  193 

 194 

4.3 Statistical analysis 195 

 196 

4.3.1 Open GraphPad Prism and enter the numbers obtained from ImageJ to the desired 197 

column. 198 

 199 

4.3.2 Click Analyze and select t tests under Column analyses. 200 

 201 

4.3.3 Check the desired column for comparison and click OK. 202 

 203 

4.3.4 Obtain the P-Value under Analysis window.  204 

 205 

4.3.5 Select the Linear Regression under XY analyses from step 4.3.3 206 

 207 

4.3.6 Obtain the R-square and the P-Value under the Analysis window. 208 

 209 

REPRESENTATIVE RESULTS: 210 

Two methods were employed: an ATP utilization assay and a live/dead staining assay. The results 211 

can either be combined or individually used for examining bacterial survival within aggregates 212 

after antibiotic treatment. The ATP utilization assay has been shown to measure accurately viable 213 

bacteria in S. aureus biofilms20,21. Here, MS11Opa+Pil+ strain was used to examine the role of GC 214 

aggregation in antibiotic susceptibility. Non-aggregated MS11Opa+Pil+, aggregated 215 

MS11Opa+Pil+, or aggregated and then disrupted by sonication MS11Opa+Pil+ were treated with 216 

serial dilutions of ceftriaxone and the ATP level measured (Figure 1A). In comparing the percent 217 

survival with and without antibiotic treatment, pre-aggregated GC had significantly higher 218 

survival than non-aggregated or aggregation-disrupted GC with equal at or above 0.015 μg/mL 219 



of ceftriaxone (MIC from agar dilution test (Table 4)). MS11Opa+Pil-, MS11ΔOpa or MS11ΔLgtE, 220 

which have the same agar dilution MIC (Table 4), but form smaller aggregates, was examined and 221 

compared to MS11Opa+Pil+ (Figure 1B). MS11Opa+Pil+, forming larger aggregates, had the 222 

higher ATP level with ceftriaxone treatment than the mutant strains.  223 

 224 

Live/dead staining has been used in several biofilm/aggregation-related studies22,23. To 225 

determine the effect of aggregation, pre-aggregated MS11Opa+Pil+ was treated with or without 226 

ceftriaxone and imaged. This allows both visualization (which can be quantified) and the 227 

distribution of live and dead GC after antibiotic treatment (Figure 2A – left two panels). Dead 228 

bacteria (red) were largely located at the outer layers whereas live GC (green) were located 229 

mainly in the core of ceftriaxone treated aggregates. This procedure was performed with 230 

MS11Opa+Pil-, MS11ΔOpa or MS11ΔLgtE, to examine aggregation size and survival rate (Figure 231 

2A). MS11Opa+Pil+ was shown to form the largest and MS11Opa+Pil- the smallest aggregates 232 

(Figure 2A,B). MS11Opa+Pil+ aggregates were still alive in the core layer whereas GC in the small 233 

loose aggregates of MS11ΔOpaPil+, MS11Opa+Pil-, and MS11ΔLgtEPil+ were dead (Figure 2A,C). 234 

Based on the size and survival, a correlation graph can be plotted to examine the relationship of 235 

aggregation size and antibiotic survival (Figure 2D).  236 

 237 

FIGURE AND TABLE LEGNEDS: 238 

Table 1: Recipe for 1 L of GCK Agar Plate. 239 

 240 

Table 2: Recipe for 1 L of 100x Kellogg’s supplement. 241 

 242 

Table 3: Recipe for 1 L of GCP Bacterial Growth Media. 243 

 244 

Table 4: Minimum inhibitory concentration of GC strains treated with ceftriaxone. 245 

MS11Opa+Pil+, MS11ΔOpa, MS11ΔLgtE, and MS11Opa+Pil- were grown and suspended in GCP. 246 

Agar dilution test was then performed with serial concentration of ceftriaxone from 0.0016 – 247 

0.25 μg/mL.  248 

  249 

Figure 1: Representative data of survival rate of aggregated GC under ceftriaxone treatment by 250 

ATP-utilization assay. (A) Survival rate comparison of MS11Opa+Pil+ suspension without pre-251 

aggregating, pre-aggregating for 6 h, or disrupting after pre-aggregating for 6 h. (B) Survival rate 252 

comparison of 6 h aggregated MS11Opa+Pil+ with MS11ΔOpaPil+, MS11Opa+Pil-, or 253 

MS11ΔLgtEPil+. Shown are the average values (±SD) obtained from three independent 254 

experiments. ***p < 0.001; **p < 0.01; *p < 0.05. This figure was previously published 24 and is 255 

used with permission.  256 

 257 

Figure 2: Representative data of live/dead bacteria distribution within aggregates under 258 

ceftriaxone treatment. (A) Pre- aggregated MS11Opa+Pil+, MS11ΔOpaPil+, MS11Opa+Pil-, or 259 

MS11ΔLgtEPil+ was either incubated in the presence or absence of 1 μg/mL ceftriaxone for 2 h. 260 

Aggregates were then stained to visualize viable (green) and dead (red) GC and visualized with 261 

confocal fluorescence microscope. Scale bar: 50 μm. Images were then analyzed for (B) 262 

aggregation size and (C) ratio of live-to-dead GC and (D) a correlation graph was then created. 263 



Shown are the average values (SD) obtained from > 40 images of three independent experiments. 264 

***p < 0.001; **p < 0.01; *p < 0.05. This figure was previously published 24and is used with 265 

permission. 266 

 267 

DISCUSSION:  268 

Bacteria can form biofilms during infection of the human body. Traditional MIC testing may not 269 

reflect the concentration needed to eradicate bacteria in a biofilm. To test antimicrobials effects 270 

on a biofilm, methods based on biofilm biomass as well as plating CFUs can be erroneous due to 271 

the impact of biofilm structure. For example, the plating method only works if the biofilm can be 272 

disrupted. Hence, the CFU obtained may be lower than the actual number of viable bacteria. 273 

Visualizing dead and live bacteria within the biofilm have been established for measuring the 274 

survival of bacteria within biofilm, however, depending on the structure and density of biofilm, 275 

the staining may fail to penetrate into the biofilm and result in an inaccurate and underestimated 276 

survival rate.  277 

 278 

The method here uses both a quantitative and a visualization assay to measure bacterial survival 279 

after treatment of aggregates. The advantage of this method is that it measures the bacterial 280 

survival in an environment that is closer to what is seen in a real infection. The survival rate 281 

differences between non-aggregated and aggregated bacteria will allow us to determine if the in 282 

vitro MIC correlates with the in vivo MIC. 283 

 284 

The ATP utilization assay, which measures ATP production, can quantitatively measure the 285 

survival of aggregates. The assay is more sensitive and can differentiate survival between small 286 

differences in antibiotic concentration, compared to other similar assays. However, due to the 287 

high sensitivity of this assay, assurance of bacterial cell lysis is critical. Therefore, a sonication 288 

step was used. In addition, this method cannot be used to measure bacterial survival in vivo due 289 

to the large amount of ATP that host cells produce that can mask the bacterial ATP level. 290 

Moreover, the interaction of host cells with bacteria may affect bacterial ATP production. Using 291 

this assay on bacteria with pigments may be limiting as the pigments may interfere with the 292 

reading. 293 

 294 

The live/dead stain has been widely used in biofilm studies. However, the penetration of the 295 

staining dyes may stain only the outermost bacteria, whereas the core may not be stained. 296 

Therefore, it can only be used for visualization but not quantification, due to uneven distribution 297 

of the dye. We used small aggregates for this staining and demonstrated this assay can be used 298 

to quantify the overall bacterial survival within the aggregates. Furthermore, negative and 299 

positive controls are needed for adjusting the concentration of the dye for different bacteria.  300 

 301 

In combination with the MIC protocol, the ATP utilization assay and live/dead stain can serve as 302 

an effective method to quantitatively and visually analyze N. gonorrhoeae as well as other 303 

bacterial aggregations25,26. The application of the combined protocol could provide a better 304 

understanding of disease formation along with its versatile uses in drug screening based on 305 

bacteria biofilms. This method may reflect more accurately the in vivo MIC of an antibiotic.  306 

 307 
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Weight/

Volume
Name of Material

36 g Difco GC medium base

5 g Agar

10 mL 100x Kellogg’s supplement

Store at 4C
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Weight/

Volume
Name of Material

5 g L-glutamine Crystalline Powder

0.5 g Ferric nitrate, nonanhydrate

0.02 g Thiamine pyrophosphate

400 g Glucose

Store at 4C
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Weight/

Volume
Name of Material

15 g Proteose peptone

1g Soluble starch

4g Potassium phosphate dibasic

1g Potassium phosphate monobasic

5g Sodium chloride

Store at room temperature
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MIC
MS11Op

a+Pil+

MS11ΔO

pa

MS11ΔL

gtE

MS11Opa+

Pil-

Ceftriaxo

ne 

(μg/mL)

0.016 0.016 0.016 0.016

Neisseria gonorrhoeae  strains
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Name of Material Company Catalog Number Comments/Description

100x Kellogg's supplement

Agar United States Biological A0930

BacTiter Assay Promega G8232

Ceftriaxone TCI C2226
Difco GC medium base BD 228950

Ferric nitrate, nonahydrate Sigma-Aldrich 254223-10G

Glucose Thermo Fisher Scientific BP350-1

L-glutamine Crystalline Powder Fisher Scientific BP379-100

BacLight live/dead staining Invitrogen L7012

MS11 Neisseria gonorrhoeae strain kindly provided by Dr. Herman Schneider, Walter Reed Army Institute for Research

Potassium phosphate dibasic (K2HPO4) Fisher Scientific P290-500

Potassium phosphate monobasic (KH2PO4) Fisher Scientific BP329-1

Proteose Peptone BD Biosciences 211693

Sodium chloride (NaCl) Fisher Scientific S671-10

Soluble Starch Sigma-Aldrich S9765

Thiamine pyrophosphate Sigma-Aldrich C8754-5G
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kindly provided by Dr. Herman Schneider, Walter Reed Army Institute for Research







Name of Equipment Company

Petri Dishes VWR

8-well coverslip-bottom chamber Thermo Fisher Scientific

96-well tissue culture plates Corning, Falcon

Biosafety Cabinet (NU-425-600 Class II, 

A2 Laminar Flow Biohazard Hood) Nuaire

CO2 Incubator Fisher Scientific

Confocal microscope equipped with live 

imaging chamber Leica

Corning  96 Well Black Polystyrene Microplate Corning

Glomax Illuminator Promega

Pipette tips (0.1-10 µL) Thermo Fisher Scientific

Pipette tips (1000 µL) VWR

Pipette tips (200 µL) VWR

Spectrophotometer Ultrospec 2000 UV Pharmacia Biotech

Sterile 15 ml conical tubes VWR

Sterile Microcentrifuge Tubes (1.7 mL) Sorenson BioScience

Sterile polyester-tipped applicators Fisher Scientific

Sonicator Kontes
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 

 

 

Quantitative examination of antibiotic susceptibility of Neisseria gonorrhoeae aggregates  
using a Bactiter assay and Live/Dead Baclight stain 

Liang-Chun Wang 1*, Jacob Wagner 2, Annabelle Capino 2, 
Elizabeth Nesbit 2, Wenxia Song 3 and Daniel C. Stein 4

X

X
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(ALA);Author_License_Agreement-signed.pdf
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:    
 
Department:   
 
Institution:  
 
Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

LIANG-CHUN WANG

Cell Biology and Molecular Genetics

University of Maryland College Park

Assistant Clinical Professor
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Point-to-point response to review comments on Protocol “Quantitative examination of 

antibiotic susceptibility of Neisseria gonorrhoeae aggregates using a Bactiter assay and 

Live/Dead Baclight stain” 

 

We would like to thank the editor for carefully reviewing our protocol and providing 

suggestions. We describe how we address these comments in our revised manuscript 

below.  

 

 

Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. 

We have thoroughly proofread the manuscript. 

2. Table 2 is never mentioned in the manuscript. Please adjust the numbering of the all Tables. 

We have corrected the numbering in the manuscript. 

3. All tables should be uploaded separately to your Editorial Manager account in the form of 

an .xls or .xlsx file. 

We have made tables into .xlsx files and uploaded to the submission site. 

4. Please add the table titles of all tables in Figure and Table Legends. 

We have added table titles in ” Figure and Table Legends” section.  

5. What are these superscripted numbers in AUTHORS? Do they mean different affiliations? 

We have taken off the superscripted numbers. 

6. Step 2.5: Please specify the concentrations used in the protocol. 

We have added the concentrations we used in the protocol. 

7. JoVE cannot publish manuscripts containing commercial language. This includes company 

names of an instrument or reagent. Please remove all commercial language from your 

manuscript and use generic terms instead. All commercial products should be sufficiently 

referenced in the Table of Materials and Reagents. Examples of commercial language in your 

manuscript include Glomax, Baclight, Leica SP5X, etc. 

We have carefully read through the manuscript and taken off/changed all words commercial 

language.  
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Copyrights

Copyright and Licensing

For all articles published in MDPI journals, copyright is retained by the authors. Articles are licensed under an open access Creative Commons CC BY 4.0 license, meaning that
anyone may download and read the paper for free. In addition, the article may be reused and quoted provided that the original published version is cited. These conditions allow for
maximum use and exposure of the work, while ensuring that the authors receive proper credit.
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In exceptional circumstances articles may be licensed differently. If you have specific condition (such as one linked to funding) that does not allow this license, please mention this to
the editorial office of the journal at submission. Exceptions will be granted at the discretion of the publisher.

Reproducing Published Material from other Publishers

It is absolutely essential that authors obtain permission to reproduce any published material (figures, schemes, tables or any extract of a text) which does not fall into the public
domain, or for which they do not hold the copyright. Permission should be requested by the authors from the copyrightholder (usually the Publisher, please refer to the imprint of the
individual publications to identify the copyrightholder).

Permission is required for:

1. Your own works published by other Publishers and for which you did not retain copyright.
2. Substantial extracts from anyones' works or a series of works.
3. Use of Tables, Graphs, Charts, Schemes and Artworks if they are unaltered or slightly modified.
4. Photographs for which you do not hold copyright.

Permission is not required for:

1. Reconstruction of your own table with data already published elsewhere. Please notice that in this case you must cite the source of the data in the form of either "Data from..." or
"Adapted from...".

2. Reasonably short quotes are considered fair use and therefore do not require permission.
3. Graphs, Charts, Schemes and Artworks that are completely redrawn by the authors and significantly changed beyond recognition do not require permission.

Obtaining Permission

In order to avoid unnecessary delays in the publication process, you should start obtaining permissions as early as possible. If in any doubt about the copyright, apply for
permission. MDPI cannot publish material from other publications without permission.

The copyright holder may give you instructions on the form of acknowledgement to be followed; otherwise follow the style: "Reproduced with permission from [author], [book/journal
title]; published by [publisher], [year].' at the end of the caption of the Table, Figure or Scheme.
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Liang-Chun Wang <marknjoy@umd.edu>
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Monica He <monica.he@mdpi.com> Tue, Aug 14, 2018 at 8:58 PM
To: Liang-Chun Wang <marknjoy@umd.edu>
Cc: antibiotics@mdpi.com

Dear Mark, 
 
Thank you very much for your message. 
 
Yes. It's fine with us. Actually the authors have the copyright of the 
figures. You can use the figures by citing the paper as a reference. 
 
If you have any other questions, please do not hesitate to contact us. 
 
Kind regards, 
Monica 
 
 
On 8/15/2018 5:19 AM, Liang-Chun Wang wrote: 

Hi Monica, 
 
Sorry for bothering you again. 
 
I am the corresponding author of " Neisseria gonorrhoeae Aggregation 
Reduces Its Ceftriaxone Susceptibility " in Antibiotics. 
 
Recently a method journal came to me and asked me to publish the methods 
I used in this antibiotics paper. I was wondering if I can reuse/adapt 
figures with proper citation of the paper. 
 
The journal states that " *If a figure is adapted or republished from a 
previous publication, authors must cite the original article in the 
figure legend. Reprint permission for the previously published/adapted 
figure is required upon acceptance. "* 
* 
* 
Let me know if MDPI-Antibiotics is ok with that. 
 
Thank you, 
Mark 
 
On Thu, Jun 14, 2018 at 10:15 PM, Monica He <monica.he@mdpi.com 
<mailto:monica.he@mdpi.com>> wrote: 
 
    Dear Mark, 

permission to use published figure 2 Click here to access/download;Supplemental File (Figures, Permissions,
etc.);permission from MDPI antibiotics.pdf
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    You are welcome. It's my pleasure to process your paper. I hope we can 
    cooperate again in the future. :) 
 
    Kind regards, 
    Monica 
 
 
    On 6/15/2018 10:06 AM, Liang-Chun Wang wrote: 
 
        Monica thank you a million for taking care of this manuscript. 
 
        Have a wonderful day, 
        Mark 
 
 
 
 
 
        On Thu, Jun 14, 2018, 9:53 PM Monica He <monica.he@mdpi.com 
        <mailto:monica.he@mdpi.com> 
[Quoted text hidden]
        <mailto:marknjoy@umd.edu <mailto:marknjoy@umd.edu>>* 
             <mailto:marknjoy@umd.edu <mailto:marknjoy@umd.edu> 
        <mailto:marknjoy@umd.edu <mailto:marknjoy@umd.edu>>>* Email* 
 
 
 
 
-- 
*Liang-Chun (Mark) Wang, Ph.D.* 
*Assistant Clinical Professor* 
*First-year Innovation & Research Experience Program* 
*Antibiotic Resistance Research Lab* 
*University of Maryland College Park* 
*301-405-5459 Phone* 
*marknjoy@umd.edu* <mailto:marknjoy@umd.edu>* Email* 
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