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letter containing point-by-point responses to the comments. 

 

As noted in the cover letter for the original manuscript, we described a convenient method to identify 

HBx–DDB1 interaction inhibitor. This method may become a key assay to discover novel 

therapeutic agents for chronic HBV hepatitis. 

 

We have addressed all the critical issues raised by the editors and hope that the manuscript is now 
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The revised manuscript contains: 

 # Text: 2,515 words (including captions and references) 
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 # Supporting information (Table of Materials)  

 

 

Thank you for your time and consideration. 
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Kazuma Sekiba, M.D. 
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SUMMARY:  22 
Here, we present a method for screening anti-hepatitis B viral agents that inhibit the HBx–DDB1 23 
interaction using a split luciferase assay system. This system allows easy detection of protein–24 
protein interactions and is suitable for identifying inhibitors of such interactions. 25 
 26 
ABSTRACT:  27 
There is an urgent need for novel therapeutic agents for hepatitis B virus (HBV) infection. 28 
Although currently available nucleos(t)ide analogs potently inhibit viral replication, they have no 29 
direct effect on the expression of viral proteins transcribed from a viral covalently closed circular 30 
DNA (cccDNA). As high viral antigen load may play a role in this chronic and HBV-related 31 
carcinogenesis, the goal of HBV treatment is to eradicate viral proteins. HBV regulatory protein 32 
X (HBx) binds to the host DNA damage-binding protein 1 (DDB1) protein to degrade structural 33 
maintenance of chromosomes 5/6 (Smc5/6), resulting in activation of viral transcription from 34 
cccDNA. Here, using a split luciferase complementation assay system, we present a 35 
comprehensive compound screening system to identify inhibitors of the HBx–DDB1 interaction. 36 
Our protocol enables easy detection of interaction dynamics in real time within living cells. This 37 
technique may become a key assay to discover novel therapeutic agents for treatment of HBV 38 
infection. 39 
 40 
INTRODUCTION:  41 
Hepatitis B virus (HBV) infection is a major public health concern worldwide, with annual 42 
estimates of 240 million people chronically infected with HBV and 90,000 deaths due to 43 
complications from the infection, including cirrhosis and hepatocellular carcinoma (HCC)1. 44 
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Although the current anti-HBV therapeutic agents, nucleos(t)ide analogues, sufficiently inhibit 45 
viral reverse transcription, they rarely achieve elimination of viral proteins, which is the long-46 
term clinical goal. Their poor effect on viral protein elimination is due to their lack of direct effect 47 
on viral transcription from episomal viral covalently closed circular DNA (cccDNA) 48 
minichromosomes in the hepatocyte nucleus2. 49 
 50 
HBV transcription is activated by HBV regulatory X (HBx) protein3. Recent studies revealed that 51 
HBx degrades structural maintenance of chromosomes 5/6 (Smc5/6), a host restriction factor 52 
that blocks HBV transcription from cccDNA, via hijacking a DDB1-CUL4-ROC1 E3 ubiquitin ligase 53 
complex4–6. Therefore, a crucial step in promoting viral transcription from cccDNA is thought to 54 
be the HBx–DDB1 interaction. Compounds capable of inhibiting the binding between HBx and 55 
DDB1 may block viral transcription, and indeed nitazoxanide was identified as an inhibitor of the 56 
HBx–DDB1 interaction via a screening system developed in our laboratory7. 57 
 58 
Here, we present our convenient screening system used to identify inhibitors of the HBx–DDB1 59 
interaction, which utilizes a split luciferase complementary assay7,8. Split luciferase subunits are 60 
fused to HBx and DDB1, and the HBx–DDB1 interaction brings the subunits into close proximity 61 
to form a functional enzyme that generates a bright luminescent signal. As the interaction 62 
between the subunits is reversible, this system can detect rapidly dissociating HBx–DDB1 63 
proteins (Figure 1). Using this system, a large compound library can be easily screened, which 64 
may result in the discovery of novel compounds capable of efficiently inhibiting the HBx–DDB1 65 
interaction. 66 
 67 
PROTOCOL:  68 
 69 
NOTE: A schematic representation of the split luciferase assay is shown in Figure 1A, and the 70 
assay process is outlined in Figure 1B. The interaction dynamics can be measured in real time 71 
without cell lysis. 72 
 73 
1. Cell preparation 74 
 75 
1.1. Maintain cultured HEK293T cells in Dulbecco’s modified Eagle’s medium (DMEM) 76 
supplemented with 10% v/v fetal bovine serum (FBS), 1x penicillin/streptomycin at 37 °C in 20% 77 
O2 and 5% CO2. 78 
 79 
1.2. Seed 5 x 106 cells into a 100 mm dish with 10 mL of DMEM and incubate at 37 °C overnight. 80 
 81 
1.3. Transiently transfect 1 μg of HBx and DDB1 with split luciferases into the cells according to 82 
the following method.  83 
 84 
NOTE: The amount of the plasmid DNA transfected may depend on the transfection regent used. 85 
The optimal position of the split luciferase fused to the target protein must be determined 86 
beforehand. In this case, HBx fused to LgBit at the C-terminus of HBx (HBx–LgBit) and DDB1 fused 87 
to SmBit at the N-terminus of DDB1 (SmBit–DDB1) provided the best results (i.e., the brightest 88 



   

luciferase signals). This process has been reported previously in detail7.  89 
 90 
1.3.1. Dilute 1 µg of HBx–LgBit expressing DNA plasmid and 1 µg of SmBit–DDB1 expressing DNA 91 
plasmid (Table of Materials) in DNA condensation buffer (Table of Materials) to a total volume 92 
of 300 µL. 93 
 94 
1.3.2. Add 16 µL of enhancer solution (Table of Materials) and mix by vortexing for 1 s. 95 
 96 
1.3.3. Incubate the sample at room temperature for 3 min. 97 
 98 
1.3.4. Add 60 µL of transfection reagent (Table of Materials) to the sample and mix by vortexing 99 
for 10 s. 100 
 101 
1.3.5. Incubate the sample at room temperature for 8 min. 102 
 103 
1.3.6. During incubation, aspirate the culture medium from the dish (prepared in step 1.2), and 104 
wash cells with 5 mL of phosphate-buffered saline (PBS). Remove PBS by aspiration and add 7 mL 105 
of DMEM. 106 
 107 
1.3.7. Add 3 mL of DMEM to the tube containing the transfection complexes. Mix by pipetting 108 
and add the transfection complexes onto the cell in the 10 cm dish. 109 
 110 
1.4. Incubate the cells at 37 °C in an incubator under 5% CO2 for 10 h. 111 
 112 
1.5. Reseed the cells into a white 96 well plate at 5 x 104 cells/well in 50 μL of medium/well 113 
according to the following method. 114 
 115 
1.5.1. Remove the spent cell culture medium and wash cells with 5 mL of PBS. 116 
 117 
1.5.2. Remove PBS by aspiration, add 1 mL of 0.25% trypsin-EDTA, and incubate at 37 °C for 5 min 118 
to detach cells. 119 
 120 
1.5.3. Add 4 mL of DMEM and disperse the medium by pipetting over the surface of the cell layer 121 
several times. Transfer the cell suspension to a tube. 122 
 123 
1.5.4. Centrifuge cells at 500 x g for 5 min at room temperature. 124 
 125 
1.5.6. Discard supernatant and resuspend the cell pellet in 1 mL of PBS. 126 
 127 
1.5.7. Centrifuge the cell suspension at 500 x g for 5 min at room temperature and discard 128 
supernatant. 129 
 130 
1.5.8. Dilute the cell pellet with buffered cell culture medium (Table of Materials) supplemented 131 
with 10% FBS to a seeding density of 1.0 x 106 cells/mL. 132 



   

 133 
1.5.9. Pipette 50 µL of cell suspension into each well of a 96 well plate and return the cells to the 134 
incubator. 135 
 136 
1.6. Incubate cells at 37 °C under 5% CO2 for 10 h. 137 
 138 
2. Compound screening 139 
 140 
2.1. During the incubation, dilute the screening compounds (Table of Materials) and solvent 141 
(dimethyl sulfoxide [DMSO]) at 13.5x concentration. For example, if the stock is 10 mM and the 142 
screening concentration is 10 µM, add 1 µL of stock solution to 73.1 µL of buffered cell culture 143 
medium. 144 
 145 
2.2. Add 12.5 μL of luminescent substrate (Table of Materials) to each well and incubate for 5 146 
min at room temperature. 147 
 148 
NOTE: As negative controls, the wells at both ends of the plate (i.e., columns 1 and 12) should 149 
contain no luminescent substrate. 150 
 151 
2.3. Measure the baseline luminescence using a luminometer (Table of Materials).  152 
 153 
2.4. Immediately after the initial measurement, add 5 µL of compounds and control DMSO 154 
diluted in step 2.1 to each well.  155 
 156 
NOTE: The final concentration will be 10 μM. 157 
 158 
2.5. Measure luminescence values every 30 min for 2 h. 159 
 160 
NOTE: The plate should be incubated in the dark at room temperature. 161 
 162 
2.6. Calculate the inhibitory effects by comparison with control DMSO treatment after 163 
normalization to the baseline signals. 164 
 165 
NOTE: Screening each compound in duplicate or triplicate can reduce variation. 166 
 167 
REPRESENTATIVE RESULTS:  168 
Representative outcomes following the use of this protocol are shown in Figure 2A,B. The signal-169 
to-background ratio was greater than 80 and the Z' factor9 (the gold standard quality index for 170 
high-throughput screening) was greater than 0.5, indicating that this assay system was 171 
acceptable for high-throughput screening. With the threshold set to >40% inhibition compared 172 
with the control (DMSO only), we identified nitazoxanide as a candidate drug7. Using this system, 173 
better candidate drugs can be found by screening other, larger compound libraries. 174 
 175 
FIGURE LEGENDS:  176 



   

 177 
Figure 1: Schematic representation of split luciferase analysis of the HBx–DDB1 interaction. (A) 178 
The principle underlying detection of HBx–DDB1 binding using the split luciferase complementary 179 
assay system. The separated luciferase subunits, LgBit and SmBit, are fused to HBx and DDB1, 180 
respectively. The HBx–DDB1 interaction brings the subunits into close proximity to form a 181 
functional enzyme that generates a luminescent signal. The interaction between the subunits is 182 
reversible. (B) Split luciferase assay. After co-transfection of plasmids for expression of HBx fused 183 
to LgBit and DDB1 fused to SmBit, cells were re-seeded into a 96 well plate. The addition of 184 
luminescent substrate enables measurement of luciferase activity without a cell lysis step. 185 
Luciferase activities can be measured after adding the screening compounds. 186 
 187 
Figure 2: Successful results of the split luciferase assay. (A) Representative baseline luminescent 188 
signals from a 96 well plate. Luciferase intensity is represented by numbers and colors. Columns 189 
1 and 12 are controls in which the luminescent substrate was not added. The Z' factor was greater 190 
than 0.5. (B) Representative time-series result of relative luciferase activity levels after addition 191 
of screening compounds to a 96 well plate. The x-axis represents the inhibitory effects calculated 192 
compared to control (DMSO) after standardization to the baseline luciferase activity. The most 193 
effective compound was nitazoxanide. 194 
 195 
DISCUSSION:  196 
We developed a convenient screening method using a split luciferase assay to find HBx–DDB1 197 
binding inhibitors. The interaction dynamics can be detected in real time in living cells without 198 
the need for cell lysis. Inhibition of the HBx–DDB1 interaction leads to restoration of Smc5/6, 199 
which results in suppression of viral transcription, protein expression, and cccDNA production7. 200 
This novel mechanism of antiviral action may overcome the inadequacies of current HBV 201 
therapies. 202 
 203 
Although a number of methods are available to investigate protein–protein interactions in living 204 
cells, examining these interactions remain difficult10. Our procedure is simple and requires only 205 
a short time to screen one 96 well plate. Moreover, the screening quality was satisfactory with a 206 
high Z' score, the gold standard quality index for high-throughput screening9. Our assay may be 207 
suitable for robotic automation11 and is an efficient assay for drug discovery. 208 
 209 
While the protocol described here used the HEK293T cell line because its high transfection 210 
efficacy and high proliferation ability are suitable for high-throughput screening, this screening 211 
method can be performed using other cell lines (e.g., HepG2) without modifications7. As a 212 
realistic strategy for screening compounds, HEK293T cells may be used in the first screening 213 
followed by HepG2 cells in a second validation screening. Some compounds may not show 214 
significant results in different cell lines when the effects are dependent on indirect mechanisms. 215 
 216 
As our intention was to develop a high-throughput screening method, subsequent validation 217 
studies are necessary to confirm whether the identified compounds function as interaction 218 
inhibitors. Decreased levels of luminescent signals in this assay do not always correspond to 219 
inhibition of the HBx–DDB1 interaction. Cytotoxicity tests, co-immunoprecipitation studies, and 220 



   

further anti-HBV experiments are important to confirm the effects7. 221 
 222 
Although we previously identified nitazoxanide as an inhibitor of the HBx–DDB1 interaction by 223 
screening a relatively small-scale compound library7, further studies involving screening of much 224 
larger compound libraries can be easily performed to identify novel compounds that are capable 225 
of inhibiting protein–protein interactions more efficiently. When performing such further 226 
screening, nitazoxanide can be used as a positive control for the assay. Furthermore, the system 227 
described here can be applied to other protein–protein interactions. Protein–protein interactions 228 
are an important class of drug targets12. Indeed, many other viruses interact with host factors to 229 
replicate or express their pathogenicity13,14. The split luciferase-based assay described here, 230 
which targets the interactions between viral and host proteins, may provide a new strategy to 231 
develop cures for HBV and other infectious diseases. 232 
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Name of Material/Equipment Company Catalog Number

Cell culture microplate, 96 well, PS, F-BOTTOM Greiner-Bio-One GmbH 655098

DMEM Sigma Aldrich D6046

DMSO Tocris Bioscience 3176

Effectene transfection reagent Qiagen 301425

FBS Nichirei 175012

GloMax 96 microplate luminometer Promega E6521

HBx–LgBit expressing DNA plasmid Our laboratory

HEK293T cells American Type Culture Collection CRL-11268

NanoBiT PPI starter systems Promega N2015

Opti-MEM Thermo Fisher Scientific 11058021

PBS Takara T900

Penicillin-Streptomycin Sigma Aldrich P0781

Screen-Well FDA-approved drug library V2 version 1.0 Enzo Life Sciences BML-2841

SmBit–DDB1 expressing DNA plasmid  Our laboratory

Trypsin-EDTA Sigma Aldrich T4049
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Comments/Description

Includes DNA-condensation buffer, enhancer solution and transfection reagent

Available upon request

Includes Nano-Glo Live Cell Reagent

Described as "buffered cell culture medium" in the manuscript

Compounds used here were as follows: mequinol, mercaptopurine hydrate, mesna, 

mestranol, metaproterenol hemisulfate, metaraminol bitartrate, metaxalone, 

methacholine chloride, methazolamide, methenamine hippurate, methocarbamol, 

methotrexate, methoxsalen, methscopolamine bromide, methsuximide, 

methyclothiazide, methyl aminolevulinate·HCl, methylergonovine maleate, 

metolazone, metyrapone, mexiletine·HCl, micafungin, miconazole, midodrine·HCl, 

miglitol, milnacipran·HCl, mirtazapine, mitotane, moexipril·HCl, mometasone furoate, 

mupirocin, nadolol, nafcillin·Na, naftifine·HCl, naratriptan·HCl, natamycin, 

nebivolol·HCl, nelarabine, nepafenac, nevirapine, niacin, nicotine, nilotinib, 

nilutamide, nitazoxanide, nitisinone, nitrofurantoin, nizatidine, nortriptyline·HCl, 

olsalazine·Na, orlistat, oxaprozin, oxtriphylline, oxybutynin Chloride, 

oxytetracycline·HCl, paliperidone, palonosetron·HCl, paromomycin sulfate, 

pazopanib·HCl, pemetrexed disodium, pemirolast potassium, penicillamine, penicillin 

G potassium, pentamidine isethionate, pentostatin, perindopril erbumine, 

permethrin, perphenazine, phenelzine sulfate, phenylephrine, phytonadione, 
Available upon request
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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. 
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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 of 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.
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