Journal of Visualized Experiments

In Vitro Biochemical Assays Using Biotin Labels to Study Protein-Nucleic Acid

Interactions
--Manuscript Draft--

Article Type: Invited Methods Atrticle - JOVE Produced Video

Manuscript Number: JoVE59830R2

Full Title: In Vitro Biochemical Assays Using Biotin Labels to Study Protein-Nucleic Acid
Interactions

Keywords: in vitro, biochemical assay, EMSA, biotin, protein purification, nuclease, helicase

RNA-binding protein, nucleic acid

Corresponding Author: Ke Zheng
Nanjing Medical University
Nanjing, Jiangsu CHINA

Corresponding Author's Institution: Nanjing Medical University
Corresponding Author E-Mail: kezheng@njmu.edu.cn
Order of Authors: Ke Zheng

Lina Yu

Wenxiu He

Jie Xie

Rui Guo

Xia Zhang

Quishi Xu

Qiuling Yue

Fangfang Li

Mengcheng Luo

Bo Sun
Lan Ye
Additional Information:
Question Response

Please indicate whether this article will be Standard Access (US$2,400)
Standard Access or Open Access.

Please indicate the city, state/province, State Key Laboratory of Reproductive Medicine (SKLRM) Nanjing Medical University,
and country where this article will be Xuehai Building, Room B111, 101 Longmian Avenue, Jiangning District, Nanjing,
filmed. Please do not use abbreviations. 211166, P.R.China

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;59830_R2.docx %

1 TITLE:
2 In Vitro Biochemical Assays using Biotin Labels to Study Protein-Nucleic Acid Interactions
3
4  AUTHORS AND AFFILIATIONS:
5  Lina Yu'*, Wenxiu He'*, Jie Xie'*, Rui Guo'*, Xia Zhang?, Quishi Xu?, Qiuling Yue?,
6 Fangfang Li', Mengcheng Luo3, Bo Sun?, Lan Ye!, Ke Zheng?
7
8 IState Key Laboratory of Reproductive Medicine, Nanjing Medical University, Nanjing, China
9  2School of Life Science and Technology, ShanghaiTech University, Shanghai, China
10 3Hubei Provincial Key Laboratory of Developmentally Originated Disease, Wuhan, China
11
12 *These authors contributed equally
13
14  Corresponding Authors:
15  Ke Zheng (kezheng@njmu.edu.cn)
16 LanYe (lanye@njmu.edu.cn)
17  BoSun (sunbo@shanghaitech.edu.cn)
18
19  Email Addresses of Co-Authors:
20 LinaVYu (quellalena@126.com)
21 Wenxiu He (wenxiuhe@njmu.edu.cn)
22  Jie Xie (jiexie@njmu.edu.cn)
23  Rui Guo (gr9325820@163.com)
24 Xia Zhang (zhangxia@shanghaitech.edu.cn)
25  Quishi Xu (xuqiushi0820@163.com)
26  Qiuling Yue (yulychina@163.com)
27  Fangfang Li (15802526724@163.com)
28 Mengcheng Luo (luomengcheng@whu.edu.cn)
29
30 KEYWORDS:
31 in vitro, biochemical assay, EMSA, biotin, protein purification, nuclease, helicase, RNA-
32  binding protein, nucleic acid
33
34 SUMMARY:
35 Presented here are protocols for in vitro biochemical assays using biotin labels that may be
36  widely applicable for studying protein-nucleic acid interactions.
37
38  ABSTRACT:
39  Protein-nucleic acid interactions play important roles in biological processes such as
40 transcription, recombination, and RNA metabolism. Experimental methods to study protein-
41 nucleic acid interactions require the use of fluorescent tags, radioactive isotopes, or other
42  labels to detect and analyze specific target molecules. Biotin, a non-radioactive nucleic acid
43  label, is commonly used in electrophoretic mobility shift assays (EMSA) but has not been
44  regularly employed to monitor protein activity during nucleic acid processes. This protocol


mailto:sunbo@shanghaitech.edu.cn
https://www.editorialmanager.com/jove/download.aspx?id=1027646&guid=cd693cf6-e55d-41bc-8623-343a9c34e13d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1027646&guid=cd693cf6-e55d-41bc-8623-343a9c34e13d&scheme=1

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

illustrates the utility of biotin labeling during in vitro enzymatic reactions, demonstrating
that this label works well with a range of different biochemical assays. Specifically, in
alignment with previous findings using radioisotope 3?P-labeled substrates, it is confirmed
via biotin-labeled EMSA that MEIOB (a protein specifically involved in the meiotic
recombination) is a DNA-binding protein, that MOV10 (an RNA helicase) resolves biotin-
labeled RNA duplex structures, and that MEIOB cleaves biotin-labeled single-stranded DNA.
This study demonstrates that biotin is capable of substituting 32P in various nucleic acid-
related biochemical assays in vitro.

INTRODUCTION:

Protein-nucleic acid interactions are involved in many essential cellular processes such as
DNA repair, replication, transcription, RNA processing, and translation. Protein interactions
with specific DNA sequences within the chromatin are required for the tight control of gene
expression at the transcriptional level’. Precise posttranscriptional regulation of numerous
coding and noncoding RNAs necessitates extensive and complicated interactions between
any protein and RNA?. These layers of gene expression regulatory mechanism comprise a
cascade of dynamic intermolecular events, which are coordinated by interactions of
transcription/epigenetic factors or RNA-binding proteins with their nucleic acid targets, as
well as protein-protein interactions. To dissect whether proteins in vivo are directly or
indirectly associated with nucleic acids and how such associations occur and culminate, in
vitro biochemical assays are conducted to examine the binding affinity or enzymatic activity
of proteins of interest on designed substrates of DNA and/or RNA.

Many techniques have been developed to detect and characterize nucleic acid-protein
complexes, including the electrophoretic mobility shift assay (EMSA), also termed gel
retardation assay or band shift assay3>. EMSA is a versatile and sensitive biochemical
method that is widely used for studying the direct binding of proteins with nucleic acids.
EMSA relies on gel electrophoretic shift in bands, which are routinely visualized using
chemiluminescence to detect biotin labels®7, the fluorescence of fluorophore labels®®, or by
autoradiography of radioactive 32P labels!®1!, Other purposes of biochemical studies are the
identification and characterization of nucleic acid-processing activity of proteins, such as
nuclease-based reactions to assess the cleavage products from nucleic acid substrates!?-14
and DNA/RNA structure-unwinding assays to evaluate helicase activities®>’.

In such enzymatic activity assays, the radioisotope-labeled or fluorophore-labeled nucleic
acids are often used as substrates due to their high sensitivity. Analysis of radiographs of
enzymatic reactions involving 32P labeled radiotracers has been found to be sensitive and
reproducible’®, Yet, in an increasing number of laboratories in the world, the usage of
radioisotopes is restricted or even prohibited due to the health risks associated with
potential exposure. In addition to biosafety concerns, other drawbacks are the required
necessary equipment to conduct work with radioisotopes, required radioactivity license,
short half-life of 32P (about 14 days), and gradual deterioration of the probe quality due to
radiolysis. Thus, alternative non-isotopic methods have been developed (i.e., labeling the
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probe with fluorophores enables detection by fluorescent imaging!®). However, a high-
resolution imaging system is needed when using fluorescently labeled probes. Biotin, a
commonly used label, readily binds to biological macromolecules such as proteins and
nucleic acids. Biotin-streptavidin system operates efficiently and improves detection
sensitivity without increasing non-specific background?®?. Besides EMSA, biotin is widely
used for protein purification and RNA pull-down, among others?2-24,

This protocol successfully uses biotin-labeled nucleic acids as substrates for in vitro
biochemical assays that include EMSA, in addition to enzymatic reactions in which biotin has
not been commonly used. The MEIOB OB domain is constructed and two mutants
(truncation and point mutation) are expressed as GST fusion proteins?>27, as well as mouse
MOV10 recombinant FLAG fusion protein?®, This report highlights the effectiveness of this
combined protocol for protein purification and biotin-labeled assays for miscellaneous
experimental purposes.

PROTOCOL:
1. Protein preparation
1.1. MEIOB and MOV10 expression constructs

1.1.1. Generate cDNA expression constructs encoding mouse MEIOB-A, C, and E (Figure 1A)
and MOV10.

1.1.1.1. Set up the polymerase chain reaction (PCR) reactions for each fragment. Mix 1 pL of
mouse cDNA (from C57BL/6 mouse testis), 1 uL of dNTP, 2 uL of 10 uM forward primer, 2 pL
of 10 uM reverse primer, 1 uL of DNA polymerase, 25 L of 2x PCR buffer, and 18 uL of
double distilled H,0 (ddH;0) in a final volume of 50 pL.

NOTE: The primers for the amplification of Meiob and Mov10 gene fragments are listed in
Table 1.

1.1.1.2. Perform PCR reactions using the following programs: 95 °C for 5 min, 35 cycles of
heating at 95 °C for 15 s, annealing at 64 °C for 15 s, extension at 72 °C for 20 s (2 min for
extending full length MOV10), and final extension at 68 °C for 7 min.

NOTE: Use primer pair MEIOB-E (forward) and MEIOB-E-mut (reverse) for amplifying MEIOB
E and primer pair MEIOB-E-mut (forward) and MEIOB-E (reverse) to amplify two segments
that contain the mutant sequence within an overlapping sequence at the 3’ and 5’ ends,
respectively, to generate a mutant PCR template.

1.1.2. Analyze the amplified PCR DNA by gel electrophoresis, cut the band of required size
from the gel quickly under a UV lamp, and place into a centrifuge tube.
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NOTE: The expected product sizes visible on the agarose gel for MEIOB-A is 536 bp, MEIOB-C
is 296 bp, MEIOB-E are 312 bp and 229 bp, and MOV10 is 3015bp.

1.1.3. Purify the PCR DNA with a gel extraction kit following the manufacturer’s protocol.

1.1.3.1. Add an equal volume of dissolving buffer into the centrifuge tube from step 1.1.2
and melt gel in a 50-55 °C water bath for 5-10 min, ensuring that the gel pieces melt
completely. Centrifuge briefly to collect any droplets from the wall of the tube.

NOTE: The mass/volume concentration of the gel and the dissolving buffer is 1 mg/puL.

1.1.3.2. Place the adsorption column in the collection tube, transfer the solution containing
the dissolved gel fragment to the adsorption column, and centrifuge at 12,000 x g for 2 min.

1.1.3.3. Discard the filtrate at the bottom of the collection tubes. Add 600 uL of the wash
buffer to the column, centrifuge at 12,000 x g for 1 min, and discard the filtrate.

1.1.3.4. Repeat step 1.1.3.3 once.

1.1.3.5. Place the column back into the collection tube, and centrifuge at 12,000 x g for 2
min to remove all the remaining wash buffer.

1.1.3.6. Place the adsorption column in a 1.5 mL sterilized centrifuge tube, add 50 pL of
ddH20 to the center of the adsorption column and centrifuge at 12,000 x g for 1 min.
Measure the DNA concentration of the eluate using spectrophotometer.

1.1.4. Restriction digestion of plasmids
1.1.4.1. Digest pGEX-4T-1 vector with BamHI and Notl. To do so, mix 4 ug of pGEX-4T-1

vector, 5 pL of 10x digest buffer, 1 uL of BamHI, and 1 pL of Notl and ddH;O to a final
reaction volume of 50 pL. Incubate at 37 °C for 2 h.

1.1.4.2. Digest pRK5 vector with BamHI and Xhol by mixing 4 pg of pRK5 vector, 5 ulL of 10x
digest buffer, 1 pL of BamHI, and 1 uL of Xhol and ddH,O0 to a final reaction volume of 50 pL.
Incubate at 37 °Cfor 2 h.

1.1.5. Analyze the vector DNA by gel electrophoresis, cut the desired size band from the gel
quickly with a scalpel under a UV lamp and place it into a centrifuge tube.

1.1.6. Purify the vector DNA with a gel extraction kit as 1.1.3 following the manufacturer’s
instruction.

NOTE: The length of linearized plasmids: pGEX-4T-1, 4.4kb; pRKS5, 4.7 kb.
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1.1.7. Set up a standard recombinant ligation reaction by combining 0.03 pmol of linearized
vector, 0.06 pmol of cDNA fragment, 2 pL of ligase, and 4 uL of 5x ligase buffer and ddH,0 in
a final reaction volume of 10 pL.

NOTE: Clone MEIOB-A, C, and E into a pGEX-4T-1 vector and MOV10 into a pRK5 vector.
1.1.8. Incubate the mixture at 37 °C for 30 min, and then cool the reaction immediately for 5
min on ice. Transform MEIOB recombinant plasmids into BL21 bacteria and MOV10
recombinant plasmids into DH5a bacteria.

NOTE: Verify all recombinant constructs by Sanger sequencing.

1.1.9. Prepare glycerol stocks of bacterial cultures containing verified recombinant plasmids
by adding an equal volume of 50% glycerol to liquid cultures, and store at -80 °C.

NOTE: For each subsequent experiment, streak out bacteria from glycerol stocks onto a fresh
agar plate and use a single colony for the expansion as described in step 1.2.

1.2. MEIOB protein extracts from bacteria
1.2.1. Pick one colony of each BL21 strain transfected with the empty or recombinant pGEX-
4T-1 plasmid verified by sequencing and inoculate in 3 mL LB containing 100 pg/mL

ampicillin. Grow overnight at 37 °C with shaking at 220 rpm.

1.2.2. Inoculate 300 mL LB containing 100 pug/mL ampicillin from 3 mL overnight culture
(from step 1.2.1). Grow the cultures with shaking at 37 °C for 2 h till ODeoo reaches 0.5-1.0.

1.2.3. Induce the protein expression by adding isopropyl beta-D-thiogalactopyranoside
(IPTG) to a final concentration of 0.2 mM. Incubate the cultures for an additional 3 h with
shaking at 180 rpm and 18 °C.

1.2.4. Centrifuge the bacterial culture at 3,500 x g and 4 °C for 20 min.

1.2.5. Resuspend the pellet in 20 mL of ice-cold Dulbecco's phosphate buffered saline (DPBS)
buffer. Sonicate the bacterial suspension on ice for 25 cycles in short 10 s bursts (output

power 20%) followed by 2-3 s resting on ice.

1.2.6. Centrifuge the lysate at 12,000 x g and 4 °C for 15 min. Transfer all the supernatant to
a fresh tube.

1.2.7. Pre-wash beads.

1.2.7.1. Add 300 pL of glutathione-sepharose beads to a fresh 50 mL tube and wash the
beads with 10 mL of ice-cold PBS buffer.
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1.2.7.2. Centrifuge at 750 x g and 4 °C for 1 min to pellet the beads and discard the wash
solution.

1.2.8. Add the lysate to the washed beads and incubate at 4 °C for 2 h. Centrifuge at 750 x g
and 4 °C for 1 min to pellet the beads. Rinse the beads in 10 mL of ice-cold PBS 8x.

1.2.9. Elute the beads with 1 mL of the elution buffer (10 mM glutathione in 50 mM Tris-HCI
at pH 8.0) 6x, incubating at 4 °C for 10 min prior to each elution step. Collect and pool the 6
fractions.

1.2.10. Transfer the eluted proteins into a centrifugal filter and concentrate by centrifugation
at 7,500 x g to obtain a final volume of 100—200 pLL.

1.3. MOV10 protein extracts from HEK293T cells

1.3.1. Transiently express the MOV10 proteins in cultured HEK293T cells.

1.3.1.1. Prepare MOV10-pRK5 plasmid at a concentration >500 ng/uL.

1.3.1.2. Seed HEK293T cells in 15 cm dishes. When the cell density reaches ~70%—90%,
replace the cell culture medium with fresh Dulbecco's Modified Eagle Medium (DMEM)
containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin.

1.3.1.3. For one transfection, dilute 60 pug of MOV10-pRK5 plasmid DNA in 3 mL of the
reduced serum medium, then add 120 pL of the transfection enhancer reagent, and mix

well.

1.3.1.4. In a separate tube dilute 90 pL of the transfection reagent with 3 mL of reduced
serum medium (without penicillin-streptomycin) and mix well.

1.3.1.5. Add the diluted DNA to each tube of diluted transfection reagent. Incubate at room
temperature for 15 min.

1.3.1.6. Add the transfection mixture to the cell culture, and culture cells for ~36—48 h.

1.3.2. After 36-48 h, collect cells from each plate in a 50 mL tube. Centrifuge at 500 x g for 5
min at 4 °C. Wash each pellet with 10 mL of ice-cold PBS, and collect cells by centrifugation
at 500 x g for 5 min at 4 °C.

1.3.3. Resuspend the pellet in 3 mL of cell lysis buffer containing complete
ehylenediaminetetraacetic acid (EDTA)-free protease inhibitor cocktail. Incubate for 30 min
on ice. Centrifuge the lysate at 20,000 x g and 4 °C for 20 min.
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1.3.4. Add 100 pL of anti-FLAG magnetic beads per dish of cells in a 1.5 mL tube.

1.3.5. Wash the magnetic beads 2x with K150 buffer (50 mM HEPES at pH 7.5, 150 mM
KoAc, 1 mM DTT, 0.1% NP-40).

1.3.5.1 Resuspend the magnetic beads in 1 mL of ice-cold K150 buffer.

1.3.5.2. Incubate the magnetic beads for 2 min at 4 °C with gentle rotation and pellet the
magnetic beads with the help of a magnet. Remove and discard the supernatant.

1.3.6. Add the magnetic beads to the cell lysate supernatant from step 1.3.3 and incubate at
4 °Cfor2 h.

1.3.7. Wash the protein bound magnetic beads 3x with K150 buffer, then 2x with K150
containing 250 mM NaCl, then 3x with K150 buffer as 1.3.5.

1.3.8. Resuspend the beads in 300 pL of FLAG elution buffer (100 mM NaCl, 20 mM Tris-HClI
at pH 7.5, 5 mM MgCl, 10% glycerol), add FLAG peptide to a final concentration of 0.5
ug/uL, and incubate with beads on a rotator at 4 °C for 1 h, then pellet the magnetic beads
with the help of a magnet.

1.3.9. Collect the supernatant which contains the eluted MOV10 proteins, determine the
concentration, and store at -80 °C for future use.

2. Nucleic acid preparation

2.1. Purchase DNA and RNA oligonucleotides (oligos) with or without biotin labels from a
suitable source. Dilute each oligo in RNase-free ddH,0 to 20 uM and keep it at -80 °C for the
future use.

NOTE: The oligo sequences of DNA/RNA substrates used in this study are listed in Table 2.

2.2. Prepare the following mixture for the double-stranded RNA (dsRNA) annealing reaction
for MOV10 helicase activity assay: mix 60 mM N-2-hydroxyethylpiperazine-N-ethane-
sulphonic acid (HEPES) at pH 7.5, 6 mM KCl, 0.2 mM MgCl, and RNase-free ddH;0 in a final
reaction volume of 20 L.

2.3. Anneal RNA oligos to form RNA duplex by heating a mixture of the biotin-labeled top
strand (2 uM, final concentration) and a 1.5-fold of its unlabeled complementary bottom
strand in the annealing buffer (step 2.2) at 95 °C for 5 min, and then slowly cool it to room
temperature (RT).

3. In vitro biochemical assays
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3.1. EMSA and enzymatic reactions

3.1.1. For the MEIOB EMSA assay, mix 50 mM Tris HCI at pH 7.5, 2 mM MgCl,, 50 mM NacCl,
10 mM EDTA, 2 mM dithiothreitol (DTT), 0.01% NP-40, 0.8 mM (or other relevant
concentrations as shown in Figure 2 and Figure 3) MEIOB protein, and 10 nM biotin-labeled
oligonucleotides and ddH;0 in a final reaction volume of 20 pL. Incubate at RT for 30 min,
and add 5x stop buffer (125 mM EDTA, 50% glycerol) to stop the reaction.

3.1.2. Set up MEIOB nuclease activity reactions as described in step 3.1.1 but without the
addition of 10 mM EDTA.

3.1.3. For the MOV10 helicase activity assay, mix 50 mM Tris-HCl at pH 7.5, 20 mM KoAc, 2
mM MgCl3, 0.01% NP-40, 1 mM DTT, 2 U/uL RNase inhibitor, 10 nM biotin-labeled RNA
substrate, 2 mM adenosine triphosphate (ATP), 100 nM RNA trap, and 20 ng of MOV10
protein and ddH;O0 in a final reaction volume of 20 uL. Incubate the reaction mixture at 37 °C
for 10 min, 30 min, and 60 min. Add the 5x stop buffer to stop the reaction.

NOTE: RNA trap, a biotin-unlabeled oligo with sequence, complementarity to the labeled
oligo, which prevents the unwound dsRNA from annealing again.

3.2. Polyacrylamide gels

3.2.1. Wash the gel plates (16 cm x 16 cm) and 1.5 mm combs. Assemble the gel
electrophoresis units.

3.2.2. To prepare a 10% native polyacrylamide gel, mix 14 mL of ddH;0, 1.25 mL of 10x Tris-
boric acid-EDTA (TBE), 8.3 mL of 30% acrylamide, 1.25 mL of 50% glycerol, 187.5 uL of 10%
freshly prepared ammonium persulfate (APS), and 12.5 uL of tetramethylethylenediamine
(TEMED).

3.2.3. To prepare a 20% native polyacrylamide gel, mix 5.5 mL of ddH,0, 1.25 mL of 10x TBE,
1.25 mL of 50% glycerol, 16.7 mL of 30% acrylamide, 187.5 pL of 10% APS, and 12.5 pL of
TEMED.

3.2.4. Pour the acrylamide solution immediately to the gel and insert the comb. Let the
mixture polymerize for approximately 30 min.

3.3. Gel running
3.3.1. Remove the comb, fill the tanks with the electrophoresis running buffer (0.5x TBE).

3.3.2. Rinse the sample wells with 0.5x TBE buffer, then pre-run the gel at 100 V on ice for 30
min. Replace the running buffer with fresh 0.5x TBE.
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3.3.3. Load 20-25 pL samples into each well.
3.3.4. Use a 10% native acrylamide gel for the EMSA assay and a 20% native acrylamide gel
for the enzymatic assays. Run electrophoresis at 100 V on the ice bath until the

bromophenol blue marker has migrated to the bottom quarter of the gel.

3.4. Disassemble the gel plates, trim the gel by removing loading wells and unused lanes.
Place the gel in 0.5x TBE buffer.

3.5. Cut the filter paper and the nylon membrane to the size of the gel. Pre-wet the clean
filter paper and the nylon membrane.

3.6. Assemble the stack for transfer.

3.6.1. Place the pre-wet membrane onto the pre-wet filter paper.

3.6.2 Place the gel on the membrane.

3.6.3. Cover the gel with another layer of pre-wet filter paper.

3.6.4. Remove all air bubbles by rolling a clean pipette from center to edge.

3.7. Transfer the samples from the gel to the membrane in a semi-dry electrophoretic
apparatus at 90 mA for 20 min.

3.8. Stop the transfer, and then dry the membrane on a new filter paper for 1 min.

3.9. Crosslink the samples by irradiating the membrane at 120 mJ/cm? for 45-60 s in a UV-
light crosslinker equipped with 254 nm bulbs (auto crosslink function). Air dry the
membrane at RT for 30 min.

3.10. Chemiluminescence detection

3.10.1. Protocol 1: Use a standard volume of commercial chemiluminescent nucleic acid
detection kit.

3.10.1.1. Add 20 mL of blocking buffer to the membrane and incubate for 15—-30 min with
gentle shaking on a rotator at 20—25 rpm.

3.10.1.2. Prepare conjugate/blocking buffer solution by adding 66.7 pL stabilized
streptavidin-horseradish peroxidase conjugate to 20 mL of blocking buffer.

3.10.1.3. Gently remove the blocking buffer and replace it with conjugate/blocking buffer.
Incubate for 15 min on a rotator at 20—25 rpm.
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3.10.1.4. Wash the membrane 4x with shaking at 40-45 rpm for 5 min each.

3.10.1.5. Add 30 mL of substrate equilibration buffer to the membrane. Incubate the
membrane for 5 min with shaking at 20-25 rpm.

3.10.1.6. Prepare substrate working solution by adding 6 mL of luminol/enhancer solution to
6 mL of stable peroxide solution. Avoid light.

3.10.1.7. Cover the entire surface of the membrane with substrate working solution and
incubate for 5 min.

3.10.1.8. Scan the membrane in a chemiluminescent imaging system for 1-3 s.

3.10.2. Protocol 2: Use 2x diluted commercial chemiluminescent nucleic acid detection kit
and follow the steps 3.10.1.1-3.10.1.8.

3.10.3. Protocol 3: Use self-made reagents®.

3.10.3.1. Prepare blocking buffer: mix 0.1 M Tris-HCl at pH 7.5, 0.1 M NaCl, 2 mM MgCl;, and
3% bovine serum albumin Fraction V. AP 7.5 buffer: mix 0.1 M Tris-HCl at pH 7.5, 0.1 M
NaCl, and 2 mM MgCl,. AP 9.5 buffer: mix 0.1 M Tris-HCl at pH 9.5, 0.1 M NaCl, and 50 mM
MgCl,. TE buffer: mix 10 mM Tris-HCl at pH 8.0, 1 mM EDTA at pH 8.0.

3.10.3.2. Soak the membrane in blocking buffer at 30 °C for 1 h.

3.10.3.3. Add 8.5 pL of streptavidin alkaline phosphatase to 10 mL of AP 7.5 Buffer. Shake
the membrane gently in this solution at RT for 10 min. Then, wash the membrane 2x in 15
mL of AP 7.5 buffer for 10 min.

3.10.3.4. Wash the membrane one more time in 20 mL of AP 9.5 buffer for 10 min. Add 20
mL of TE buffer to stop the reaction.

3.10.3.5. Add 7.5 mL of development solution onto the membrane, and scan the membrane
in a chemiluminescent imaging system for 1-3 s.

REPRESENTATIVE RESULTS:

The protein structure of MEIOB and the expression constructs used in this study are
illustrated in Figure 1A. OB folds in MEIOB are compact barrel-like structures that can
recognize and interact with single-stranded nucleic acids. One of the OB domains (aa 136—
307, construct A) binds single stranded DNA (ssDNA), the truncated protein (aa 136-178
truncations, construct C) and the point mutant form (R235A mutation, construct E) of MEIOB
do not have DNA-binding activity?®. The GST-MEIOB fusion proteins were overexpressed in
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BL21 bacteria, with subsequent isolation steps resulting in purified proteins shown by
Coomassie blue staining and western blot analysis (Figure 1B). Nucleic acid substrates at
different concentrations illustrate the high sensitivity of the biotin signal, with a detectable
signal of 1 nM oligo after a relatively short exposure time for 1-3 s (Figure 2A). The wild-type
MEIOB-A protein, but not the mutant MEIOB-E and MEIOB-C proteins, bind strongly to 36 nt
biotin-labeled ssDNA substrates (the same length and sequence as used previously?®) (Figure
2B) and cleave the substrates into ladders (Figure 2C).

The in vitro assay of MEIOB proteins with RNA oligos of the same sequence as ssDNA
substrates used in Figure 2B,C illustrates binding capacity and exonuclease activity of MEIOB
on 36 nt single-stranded RNA (ssRNA) (Figure 3A,B). Binding activity of MEIOB with DNA and
RNA was further quantitatively analyzed (Figure 3C). Additionally, FLAG-tagged MOV10
proteins were purified from HEK293T cells (Figure 4A). To measure the helicase activity of
MOV10, a duplex RNA was designed (same length but different sequence than used
previously!®) bearing an 18 nt 5’ overhang (Figure 4B). When the biotin-labeled RNA duplex
was incubated with MOV10 in the presence of ATP, a lower band corresponding to the
released single-stranded biotin-labeled RNA appeared with increasing time, reflective of the
MOV10’s function as an RNA helicase. Lastly, to reduce costs, it was attempted to optimize
the usage of reagents for chemiluminescence detection of the biotin label. It was found that
a two-fold dilution of the chemiluminescent nucleic acid detection kit did not negatively
affect the chromogenic sensitivity of the biotin-streptavidin system, and excitingly, the self-
made reagents worked almost equally well (Figure 5).

FIGURE LEGENDS:

Figure 1: Purification of MEIOB proteins. (A) Schematic representation of the MEIOB
constructs used in this study?®. MEIOB contains an OB domain. All MEIOB constructs (A, C, E)
were expressed as GST fusion proteins. (B) Coomassie blue staining and western blot
analysis of the MEIOB proteins purified using GST-bacteria system. The red arrows indicate
the positions of purified MEIOB proteins. Bands at approximately 26 KDa correspond to
glutathione. For western blot, anti-GST antibody was used with 1:6000 dilution.

Figure 2: In vitro assays of MEIOB-ssDNA interactions. (A) Signal strength test of different
concentrations of 36 nt biotin-labeled ssDNA. (B) EMSA result of MEIOB protein binding to
biotin 5’ end-labeled DNA substrates (10% native gel). (C) MEIOB-mediated cleavage of
biotin 5’ end-labeled DNA substrates (20% native gel).

Figure 3: In vitro assays of MEIOB-ssRNA interactions. (A) EMSA result of MEIOB protein
binding to biotin 5’ end-labeled RNA substrates (10% native gel). (B) MEIOB-mediated
cleavage of biotin 5’ end-labeled RNA substrates (20% native gel). (C) Plot of percentage of
DNA/RNA-bound versus MEIOB-A concentration.

Figure 4: Purified MOV10 protein and its unwinding of 5’ tailed dsRNA in vitro. (A)
Coomassie blue staining of MOV10 protein purified using the FLAG-HEK293T system. The red
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arrows indicate the positions of purified MOV10 protein. Bands on the Coomassie gel with a
molecular weight of approximately 55 kDa correspond to the heavy immunoglobulin chain
(IgG) from the FLAG antibody. (B) MOV10 unwinds 5’ tailed dsRNA with increasing time (10,
30, 60 min) at 37 °C. ssRNA = 18 nt single-stranded RNA, dsRNA = 54 nt double-stranded
RNA with an 18 nt 5’ tail (20% native gel).

Figure 5: Alternative methods of using biotin chromogenic reagents on MEIOB assay.
Commercial standard volume: instructed by chemiluminescent nucleic acid detection kit; 2x
diluted commercial volume: two-fold dilution of each buffer in chemiluminescent nucleic
acid detection kit, self-made reagents: see details in step 3.7.3.

Table 1: Primers used to PCR amplify the gene fragments of Meiob and Mov10. The bold
letters in forward and reverse primers are BamHI and Notl cutting sites; the italic bold letters
in a reverse primer are Xhol cutting sites; boxes indicate the nucleotides corresponding to
the point mutation R235A.

Table 2: Sequences of DNA/RNA substrates used in this work.
DISCUSSION:

Investigating protein-nucleic acid interactions is critical to our understanding of molecular
mechanisms underlying diverse biological processes. For example, MEIOB is a testis-specific
protein essential for meiosis and fertility in mammals?>%’. MEIOB contains an OB domain
that binds to single-stranded DNA and exhibits 3’ to 5’ exonuclease activity?®, which directly
relates to its physiological relevance during meiotic recombination. As another example,
MOV10 is an RNA helicase with ubiquitous function that may associate with RNA secondary
structures?®. Accordingly, MOV10 displays broad RNA-binding properties and 5’ to 3’ RNA
duplex unwinding activity!®. The studies reporting the above-mentioned biochemical
activities of these proteins relied on the use of 32P isotope to label nucleic acids for in vitro
assays. In the present study, we have established protocols for a series of biotin-labeled in
vitro experiments of MEIOB and MOV10 function. These protocols begin with the
preparation of active proteins and ended with imaging of biotin signals.

Specifically, in line with previous studies?>?¢, MEIOB proteins were overexpressed in bacteria
with and purification yielded one single band with strong Coomassie staining signal after gel
electrophoresis. However, purification of full-length MOV10 protein was more effective
when overexpressed as FLAG-tag-fused protein in HEK293T cells than as a GST-fused protein
in bacteria (data not shown). To obtain sufficient amounts of protein at adequate purity for
subsequent reactions, these two systems of protein purification need to be compared to
determine the most suitable method for proteins with different sizes and/or properties.
Nucleic acids were then labeled using biotin instead of 32P as substrate and obtained robust
signal when examining the nucleic acid-binding affinity or nucleic acid-processing activities
of both proteins. However, as proteins purified from bacteria are frequently contaminated
with RNase, it is difficult to rule out the possibility that the cleavage activity seen during the
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in vitro reaction may in part result from contaminating RNase. In vitro assays with MEIOB
mutants with reduced catalytic activity (truncated and point mutant) showed substantial
impairment of RNA substrate processing, but possible RNase contamination cannot be
excluded. The results obtained with each of MEIOB constructs acting on ssDNA and MOV10
unwinding dsRNA are similar to those obtained in previous study®26. However, MEIOB
processes DNA to generate a smear, while a more discrete band is seen with RNA according
to the experimental results (Figure 2C and Figure 3B). Possibly, MEIOB has differential
binding abilities to DNA and RNA substrate (Figure 2B, Figure 3A,C), which leads to the
difference in their cleavage products. It may also be possible that MEIOB cleaves DNA and
RNA in a distinct manner. The exact role of MEIOB in RNA processing remains to be further
investigated (for example, using FLAG-tag-fused MEIOB protein expressed in HEK293T cells).

Biotin-labeled nucleic acid probes are advantageous over 32P-labeled probes in that they do
not require specific protection and waste disposal. Secondly, biotin-labeled probes can be
stably preserved for at least 1 year at -20 °C, whereas 3?P-labeled probes last only for 2
weeks. Hence, the same batch of the biotin-labeled nucleic acids can be used over a long
period of time, maintaining reproducibility of experiments. Finally, rapid autoradiography of
radioactive probes may depend on expensive instruments such as phosphor screen. In
contrast, all biotin-labeled assays described here can be performed within a day and do not
require special equipment. The drawbacks of biotin labeling encompass mainly additional
experimental steps including gel transfer and chemiluminescence that are necessary to
detect biotin-labeled substrates but may additionally require optimization or
troubleshooting. Another general weakness is the relatively low sensitivity of biotin-labeling
compared with that of radioisotope-labeling. In these assays, nonetheless, well-visible
detection of very low concentration of nucleic acids was achieved (Figure 2A).

In addition, semi-dry gel transfer apparatus is suitable for transferring longer-than-regular
gels to membranes. Compared with wet transfer, semi-dry transfer is faster especially for
nucleic acids, and yields a low background signal. Furthermore, costs of the chromogenic
reaction of the biotin-streptavidin system were cut by either diluting the commercial
reagents or making our own, both of which achieved similar signals. The detection
sensitivity of the self-made reagents may not seem that high, albeit sufficient herein (Figure
5C), but it can be enhanced by extending the blocking time (unpublished data). Also, the
signals can be enhanced with an increased concentration of the nucleic acid probe used for
the assays. Given the above experimental evidence, the biotin label may be an advantageous
substitute for 32P in multiple in vitro biochemical assays.

Collectively, this protocol offers a biotin-labeled platform for the study of protein-nucleic
acid interactions that proves to be robust, reliable, efficient, and affordable.

DISCLOSURES:
No conflicts of interest are declared.

ACKNOWLEDGMENTS:



573
574
575
576
577
578

579

580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615

We thank P. Jeremy Wang (University of Pennsylvania) for helpful edits and discussions. We
also thank Sigrid Eckardt for language editing. K. Z. was supported by National Key R&D
Program of China (2016YFA0500902, 2018YFC1003500) and National Natural Science
Foundation of China (31771653). L. Y. was supported by National Natural Science Foundation
of China (81471502, 31871503) and Innovative and Entrepreneurial Program of Jiangsu
Province.

REFERENCES:

1 Bai, S. et al. Sox30 initiates transcription of haploid genes during late meiosis and
spermiogenesis in mouse testes. Development. 145 (13), (2018).

2 Watanabe, T,, Lin, H. Posttranscriptional regulation of gene expression by Piwi
proteins and piRNAs. Molecular Cell. 56 (1), 18-27 (2014).

3 Alonso, N., Guillen, R., Chambers, J. W.,, Leng, F. A rapid and sensitive high-

throughput screening method to identify compounds targeting protein-nucleic acids
interactions. Nucleic Acids Research. 43 (8), e52 (2015).

4 Hwang, H., Myong, S. Protein induced fluorescence enhancement (PIFE) for probing
protein-nucleic acid interactions. Chemical Society Reviews. 43 (4), 1221-1229 (2014).
5 Gustafsdottir, S. M. et al. In vitro analysis of DNA-protein interactions by proximity

ligation. Proceedings of the National Academy of Sciences of the United States of
America. 104 (9), 3067-3072 (2007).

6 Li, Y., Jiang, Z., Chen, H., Ma, W. J. A modified quantitative EMSA and its application in
the study of RNA--protein interactions. Journal of Biochemical and Biophysical
Methods. 60 (2), 85-96 (2004).

7 Fahrer, J., Kranaster, R., Altmeyer, M., Marx, A., Burkle, A. Quantitative analysis of the
binding affinity of poly(ADP-ribose) to specific binding proteins as a function of chain
length. Nucleic Acids Research. 35 (21), e143 (2007).

8 Hsieh, Y. W., Algadah, A., Chuang, C. F. An Optimized Protocol for Electrophoretic
Mobility Shift Assay Using Infrared Fluorescent Dye-labeled Oligonucleotides. Journal
of Visualized Experiments. (117), (2016).

9 Yan, G. et al. Orphan Nuclear Receptor Nur77 Inhibits Cardiac Hypertrophic Response
to Beta-Adrenergic Stimulation. Molecular and Cellular Biology. 35 (19), 3312-3323
(2015).

10 Hellman, L. M., Fried, M. G. Electrophoretic mobility shift assay (EMSA) for detecting
protein-nucleic acid interactions. Nature Protocols. 2 (8), 1849-1861 (2007).

11 Fillebeen, C., Wilkinson, N., Pantopoulos, K. Electrophoretic mobility shift assay
(EMSA) for the study of RNA-protein interactions: the IRE/IRP example. Journal of
Visualized Experiments. (94), (2014).

12 Nishida, K. M. et al. Hierarchical roles of mitochondrial Papi and Zucchini in Bombyx
germline piRNA biogenesis. Nature. 555 (7695), 260-264 (2018).

13 Anders, C., Jinek, M. In vitro enzymology of Cas9. Methods in Enzymology. 546, 1-20
(2014).

14 Zhao, H., Zheng, J., Li, Q. Q. A novel plant in vitro assay system for pre-mRNA
cleavage during 3'-end formation. Plant Physiology. 157 (3), 1546-1554 (2011).



616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651

15

16

17

18

19

20

21

22

23

24

25

26

27

Vourekas, A. et al. The RNA helicase MOV10L1 binds piRNA precursors to initiate
piRNA processing. Genes & Development. 29 (6), 617-629 (2015).

Gregersen, L. H. et al. MOV10 Is a 5' to 3' RNA helicase contributing to UPF1 mRNA
target degradation by translocation along 3' UTRs. Molecular Cell. 54 (4), (2014).
Talwar, T. et al. The DEAD-box protein DDX43 (HAGE) is a dual RNA-DNA helicase and

has a K-homology domain required for full nucleic acid unwinding activity. The
Journal of Biological Chemistry. 292 (25), 10429-10443 (2017).

Nagy, N. M., Konya, J. Study of fast and slow consecutive processes by heterogeneous
isotope exchange using P-32 radiotracer. Journal of Radioanalytical And Nuclear
Chemistry. 318 (3), 2349-2353 (2018).

Wilson, D. L., Beharry, A. A, Srivastava, A., O'Connor, T. R., Kool, E. T. Fluorescence
Probes for ALKBH2 Allow the Measurement of DNA Alkylation Repair and Drug
Resistance Responses. Angewandte Chemie. 57 (39), 12896-12900 (2018).

Wilchek, M., Bayer, E. A,, Livnah, O. Essentials of biorecognition: the (strept)avidin-
biotin system as a model for protein-protein and protein-ligand interaction.
Immunology Letters. 103 (1), 27-32 (2006).

Trippier, P. C. Synthetic strategies for the biotinylation of bioactive small molecules.
ChemMedChem. 8 (2), 190-203 (2013).

Rodgers, J. T., Patel, P., Hennes, J. L., Bolognia, S. L., Mascotti, D. P. Use of biotin-
labeled nucleic acids for protein purification and agarose-based chemiluminescent
electromobility shift assays. Analytical Biochemistry. 277 (2), 254-259 (2000).

Panda, A. C., Martindale, J. L., Gorospe, M. Affinity Pulldown of Biotinylated RNA for
Detection of Protein-RNA Complexes. Bio-Protocol. 6 (24), (2016).

Bednarek, S. et al. mRNAs biotinylated within the 5' cap and protected against
decapping: new tools to capture RNA - protein complexes. Philosophical Transactions
Of the Royal Society B-Biological Sciences. 373 (1762), (2018).

Souquet, B. et al. MEIOB Targets Single-Strand DNA and Is Necessary for Meiotic
Recombination. Plos Genetics. 9 (9), ARTN e100378410.1371/journal.pgen.1003784
(2013).

Luo, M. et al. MEIOB exhibits single-stranded DNA-binding and exonuclease activities
and is essential for meiotic recombination. Nature Communications. 4, 2788 (2013).
Xu, Y., Greenberg, R. A., Schonbrunn, E., Wang, P. J. Meiosis-specific proteins MEIOB
and SPATA22 cooperatively associate with the single-stranded DNA-binding
replication protein A complex and DNA double-strand breaks. Biology of
Reproduction. 96 (5), 1096-1104 (2017).



Figure

Click here to access/download;Figure;fig1.tif

Figure 1
OB domain
D ] — |
T 167 272 70 o
ssDNA binding
136 [ T | 307 ++
179 B | 276 =
F& H-CTCTGATGTGGCAATAAATTTTAAC-3
Fle e
E R235A 136 j:ﬂ:j 307 -
<Rz
R1: 3-CAGACTACACGATTATTTAAAATTG.-S'
_R_ Mame
Motif AGA MEICE-A
% MEIOB-E
M LN
£ ok 4
SN &
B WA EGSTC WA E GSTC
wd g
- il
o
= -

40 kDa -
37 kDa—» & /

25 kDa—IF ==Y

v
Coomassie staining Western blot



https://www.editorialmanager.com/jove/download.aspx?id=1025823&guid=74486700-f5d3-4192-87ea-49e1bc5ddf07&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1025823&guid=74486700-f5d3-4192-87ea-49e1bc5ddf07&scheme=1

Figure

Click here to access/download;Figure;fig2.tif

Figure 2
T 1 5 10 10 100 (nM)

A
-
"
) S
B & A(mM) D) @‘f’iﬁ
5 02 04 08 & & O
baouncl A
Jo— 36nt
free ssDNA UH - e ) e

-
S3 N\ @t'\ N
EE?E? A{mM} 'h&@ &@1%‘5‘;@\
W o 02 04 08 <& & o8
o
36nt ssDNA

Cleaved



https://www.editorialmanager.com/jove/download.aspx?id=1025824&guid=51d302aa-7a28-4ddf-a500-29cb3523a53f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1025824&guid=51d302aa-7a28-4ddf-a500-29cb3523a53f&scheme=1

Figure

Figure 3
A

%*
bound

*—236nt
free ssRNA

B
*

36nt ssRNA

Cleaved

E

E

=

e
=

Click here to access/download;Figure;fig3.tif

"q.~h
¥ &
i A(mM) <9’
o =)
o 02 04 08 O
- q
5,
o O *b“&}
,ﬂ_@ A(mM) q_-,‘s‘ .g@

——— *
o 02 04 08 <& &

S »-g-
{ l

— 36 nt ssDNA
——— 36 nt ssRNA

DNA/RNA bound (%)

B
=

0.1 0.z Lik ]

MEIOB-A (mM)

o4 o5 (R 0.7 E] a3


https://www.editorialmanager.com/jove/download.aspx?id=1025825&guid=614453e3-376b-41a4-9d54-8ae81e69a0c5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1025825&guid=614453e3-376b-41a4-9d54-8ae81e69a0c5&scheme=1

Figure Click here to access/download;Figure;fig4.tif £

Figure 4
A
130 kDa
100 kDa
55 kDa
B dsRNA with MOV10

ssRNA 0 10 30 60 (min)
111111 HHHH
—* ' P ———



https://www.editorialmanager.com/jove/download.aspx?id=1025832&guid=5635af2c-592e-4000-b710-b5ca82438350&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1025832&guid=5635af2c-592e-4000-b710-b5ca82438350&scheme=1

Figure

Click here to access/download;Figure;fig5.tif

Figure 5

=
" A(mM :
5 0204 08 © 02 0408 © 02 04 08 ©

O |
Rt~ T TR

Cleaved

Commercial standard  2x diluted commercial Self-made reagents
volume volume


https://www.editorialmanager.com/jove/download.aspx?id=1025836&guid=fa459663-efa9-4a38-98d7-ee3a9282fb46&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1025836&guid=fa459663-efa9-4a38-98d7-ee3a9282fb46&scheme=1
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Fragments Primers |Sequences (from 5’ to 3’)
MEIOB.A forward |CGGGATCCATGTTACTTTCTTTGATACACTTGCC
reverse |ATGCGGCCGCTACTTTTAGCTGTTCCACTG
MEIOB.C forward |CCGCGTGGATCCATGGAACCAAAATACTTTACAACTTCA
reverse |CGATGCGGCCGCCTCTTTATTTTCTCTTATATAATTCAGTAG
MEIOB.E forward |CCGCGTGGATCCATGTTACTTTCTTTGATACACTTGCC
reverse |CGATGCGGCCGCTACTTTTAGCTGTTCCACTG
MEIOB-E-mut forward |CTCTGATGTGGCAATAAATTTTAAC
reverse |GTTAAAATTTATTIGCCACATCAGAG
MOV10 forward |GACGACGATGACAAGGGATCCATGCCTAGCAAGTTCAGCTGCC
reverse |GCTTACTCAGCTAAGCTCGAG TCAGAGCTCATTTCTCCACTCTG
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Sequences (From 5' to 3')

5’-Biotin-GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT-3’ (DNA)

5’-Biotin-GUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGU-3’ (RNA)

5’-Biotin-ACCGCUGCCGUCGCUCCG-3’ (RNA)
5’-ACGAGGGAGACGAGGAGACGGAGCGACGGCAGCGGU-3’ (RNA)
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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.
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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 ltem
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
ltem 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
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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 <o as to provide to JoVE the
maximum rights permissible within such statute.

8. Llikeness, 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.

9. 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.

10. 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 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
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually pubiished 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.

11. 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 harmiess 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
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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.

12. 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.

13. 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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Apr 09, 2019
Vineeta Bajaj, Ph.D.
Review Editor
JoVE

RE: JoVE59830

Dear editors,

Thanks a lot for your further editorial reviews. We have made essential edits
accordingly. Here's my response.

1. The editor has formatted the manuscript to match the journal's style. Please retain
the same.

Response: We are very grateful to your modifications on the manuscript. We have
retained the same.

2. Please address all the specific comments marked in the manuscript.

Response: We have addressed all the specific comments marked in the manuscript.

3. The manuscript needs thorough proofreading. Please employ professional
copyediting services.

Response: We have asked a science editor to read our manuscript and made
essential edits.

4. Once done, please ensure that the highlight is no more than 2.75 pages including
the headings and spacings.

Response: We have highlighted about 2.75 page of the protocol for the video.
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