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SHORT ABSTRACT:

We describe the methods for fluorescent labeling of tangentially migrating cells by
electroporation, and for time-lapse imaging of the labeled cell movement in a flat-mount
culture in order to visualize migrating cell behavior in the developing chick optic tectum.

LONG ABSTRACT:

Time-lapse imaging is a powerful method to analyze migrating cell behavior. After fluorescent
cell labeling, the movement of the labeled cells in culture can be recorded under video
microscopy. For analyzing cell migration in the developing brain, slice culture is commonly used
to observe cell migration parallel to the slice section, such as radial cell migration. However,
limited information can be obtained from the slice culture method to analyze cell migration
perpendicular to the slice section, such as tangential cell migration. Here, we present the
protocols for time-lapse imaging to visualize tangential cell migration in the developing chick
optic tectum. A combination of cell labeling by electroporation in ovo and a subsequent flat-
mount culture on the cell culture insert enables detection of migrating cell movement in the
horizontal plane. Moreover, our method facilitates detection of both individual cell behavior
and the collective action of a group of cells in the long term. This method can potentially be
applied to detect the sequential change of the fluorescent-labeled micro-structure, including
the axonal elongation in the neural tissue or cell displacement in the non-neural tissue.

INTRODUCTION:

The study of cell migration has been progressing with the advancing technique of live imaging.
After fluorescent cell labeling, the temporal movement of labeled cells in a culture dish or in
vivo can be recorded under video microscopy. In the study of neural development, the
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morphological changes of migrating cells or elongating axons have been analyzed using time-
lapse imaging. For effective imaging, it is essential to apply a suitable method for fluorescent
cell labeling and tissue preparation, based on the purpose of the experiment and analysis. For
analyzing cell migration in the developing brain, slice culture has been commonly used to
observe cell migration parallel to the slice section, such as radial cell migration™3. The slice
culture system is also used for detecting tangential cell migration*>, but it is not suitable for
directional analysis in cases where the cells disperse perpendicular to the slice section.

The optic tectum is composed of a multilayered structure, formed by radial and tangential cell
migration during embryonic development. Tectal layer formation depends primarily on radial
migration of postmitotic neuronal precursor cells from the ventricular zone, and their final
destination in the layers correlates with their birth date in the ventricular zone®. As for
tangential migration, we previously reported two streams of migrations in the middle and
superficial layers in a developing chick optic tectum. In the middle layers during E6—ES8, the
bipolar cells with a long leading process and a thin trailing process migrate dorsally or ventrally
along the axon fasciculus of tectal efferent axons that run dorso-ventrally’. After this axophilic
migration, the cells differentiate into multipolar neurons located in the deep layers. In the
superficial layers during E7—E14, the migrating cells disperse horizontally by reforming a
branched leading process and scatter into multiple directions®. After dispersing migration, the
latter cells eventually differentiate into superficial neurons of various morphologies. In both
cases, a flat-mount culture is efficient to observe cell movement parallel to the pial surface.

Here, we present a protocol for time-lapse imaging to visualize tangential cell migration in the
developing chick optic tectum’8. Combination of cell labeling by electroporation in ovo, and a
subsequent flat-mount culture on the cell culture insert enables detection of migrating cell
movement and migration direction. The goal of this method is to facilitate detection of both
individual cell behavior in the long term and the collective action of a group of cells in the
horizontal plane.

PROTOCOL

1. Electroporation in Ovo

1.1. Prepare the expression plasmid DNA for fluorescent labeling in high concentration. Isolate
DNA from 200 mL of bacterial culture by the alkaline lysis method using anion-exchange
columns according to the manufacturer's protocol (Table of Materials). Mix pCAGGS-EGFP and
pCAGGS-mCherryNuc at a final concentration of 4 pg/ulL each.

Note: Endotoxin-free plasmid DNA purification may be preferred for electroporation.

1.2. Incubate fertile chicken eggs horizontally at 38 °C in 70% relative humidity.

1.3. After 2.5 days, eliminate 5 mL of albumen (egg white) from the pointed side of the egg
using 20 mL syringe with an 18 gauge needle and seal the needle hole with tape.
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1.4. Cut the top of the egg shell with curved scissors to open a hole 2 cm in diameter and check
the developmental stage of the embryo under the stereomicroscope (stage 17 of Hamburger
and Hamilton®). Seal the hole again with tape.

Note: This step can be performed at any time during E2.5—E3.0. Steps 1.3 and 1.4 lower the
level of the embryo in the egg to avoid a tight attachment of the growing embryo and the blood
vessels to the top shell.

1.5. Continue incubation until E5.5.

1.6. Before electroporation, prepare 10 ulL of the mentioned plasmid DNA colored with 0.5 pL
of Fast Green (25 mg/mL), 10 mL of autoclaved phosphate buffered saline (PBS) containing
penicillin (100 units/mL) and streptomycin (100 pg/mL), and micropipettes made from glass
capillary tubes using a micropipette processor. Cut the distal tip of the micropipette to make an
appropriate size of pore depending on the amount of DNA for injection.

1.7. Cut the sealed top shell with scissors to reopen a hole 2.5 cm in diameter and set the egg
stably under the stereo microscope. Add a few drops of PBS into the egg. Peel off the allantoic
membrane covering the embryo without hemorrhage using two fine forceps. Remove the
amnion from the head of the embryo.

1.8. While turning the head with a microspatula, inject 0.1-1 pL of the colored DNA into the
ventricular cavity of the left optic tectum using a micropipette connected to a suction tube.

Note: The amount of DNA injected depends on the purpose of the experiment. Concentrated
DNA solution should sink and attach along the ventricular wall.

1.9. Place a pair of forcep-type electrodes (3 mm square electrodes with 7 mm distance) so that
the target area of the optic tectum is placed in between (Figure 1, Step 1).

Note: The DNA is electroporated to the anode side.

1.10. Charge a pre-pulse of 30 V, 1 ms with a 5 ms interval and four subsequent pulses of 6 V, 5
ms with a 10 ms interval using the pulse generator.

Note: The electronic condition depends on the size and distance of the electrodes. It should be
strong enough to achieve efficient transfection, but it must be modest enough to assure the

normal development of the target tissue.

1.11. Seal the hole with tape and continue incubation. Soak the electrodes in PBS to remove albumen
with an interdental brush in a plastic dish. Repeat 1.7-1.11 for each egg.

2. Flat-Mount Culture on the Cell Insert
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2.1. One day before the flat-mount culture, prepare the coated cell culture insert. Float some
cell culture inserts on the autoclaved distilled water in a 10-cm cell culture dish. Load a solution
of 8 ug/mL laminin and 80 pg/mL poly-L-lysine to cover the inserts and leave the floated inserts
in the cell culture CO; incubator at 37 °C overnight.

Note: On the following day, the coated inserts can be stored at 4 °C.

2.2. On day of the culture at E7.0, remove the laminin-poly-L-lysine solution from the insert and
place the insert in a glass bottom dish (Figure 1, Step 2) filled with 1.1 mL of culture medium
(60% reduced serum medium, 20% F12, 10% fetal bovine serum, 10% chick serum, 50 units/mL
penicillin, 50 pg/mL streptomycin). Keep the dish in the cell culture CO; incubator at 37 °C.

Note: The medium can be used throughout the culture period for three days without change.

2.3. Prepare the culture setup. Set a humid chamber unit on an inverted confocal microscope
with a gas flow of 40% O, and 5% CO; (gas controller) at 38 °C (temperature controller).

2.4. Cut the head of the embryo with scissors. Pinch the head out with the forceps into the ice-
cold Hanks' Balanced Salt solution (HBSS) in a 6-cm cell culture dish.

2.5. Isolate the electroporated optic tectum using two fine forceps. Transfer the tectum with a
plastic dropper into another dish filled with ice-cold HBSS. Use the concaved glass dish based
with black silicon as a saucer for cutting.

2.6. Check the position of the labeling under the fluorescence stereoscopic microscope. Cut out
the tectal tissue surrounding the labeling area with a microsurgical knife. Make sure the
direction of the tissue in the tectum (anterior-posterior, dorsal-ventral).

2.7. Transfer the labeled tissue with a plastic dropper to the insert so that the pia side is
attached to the insert. Lay the tectal tissue in the desired direction and remove excess HBSS
(Figure 1, Step 2).

2.8. Repeat 2.4-2.7 in order to prepare other tissues on the same insert. Place the dish in the
prewarmed chamber in the inverted confocal microscope (Figure 1, Step 3).

3. Time-Lapse Imaging

3.1. Check the fluorescent labelling and focus the microscopic field in the inverted confocal
microscope. Start the laser confocal units and try sampling the confocal scan to adjust the
direction and position of the tissue along the X and Y-axis in the field. Use the 10X or 20X
objective lens without immersion oil.
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3.2. Select the scanning size (e.g., 512x512 dpi). Decide the interval and total range of the
confocal scan along the z-axis. Take a 5 or 10 um interval for the 100 um range. Decide the time
interval of the confocal imaging and total imaging duration (e.g., 10 min intervals over 48 h).

Note: To avoid laser phototoxicity, prohibit scanning in the high scanning size with short z-
intervals for the long z-range, or with short time intervals during the long imaging duration. For
example, when applying a high scanning size (e.g., 1024x1024 dpi), decrease the number of
scans along the z-axis.

3.3. Set the parameters of the confocal running program described in 3.2 and start imaging.

3.4. After the imaging, combine the confocal images at different z-axis to provide z-stack images
with fine focal adjustment at every time point.

3.5. Append the z-stack images at different time-point and construct a time-lapse movie in the
AVI format.

REPRESENTATIVE RESULTS:

Figure 2 shows the visualized superficial tangential migration in a flat-mount culture at an
elapsed time (0, 9, 18, 27 h) after onset of recording. Movie 1 is a time-lapse movie of 10 min-
intervals over a period of 28 h and 50 min. The frame is selected for focusing on the migrating
cells from the labeled lower-left corner of the frame to the unlabeled space (Figure 3A). The
mass movement of the migrating cells (GFP; upper left panel, Movie 1) and their nuclei
(mCherry-Nuc; upper right panel) can be observed with the merged movie (lower panel, Movie
1). Directionality of the cell migration can be examined by focusing on the dispersing cells from
the labeled center to all directions (Movie 2, Figure 3B).

The clear images of the nuclear movement (Movie 2; mCherry-Nuc, right panel) allows us to
trace the cell nuclear migration by automatic tracking using a Particle Tracker plugin' of a Fiji
image processing application of Imagel!! (Movie 3, Figure 3B). Temporal changes of the
trajectories of the tangential migration can be visualized to prove the dispersing migration in
omni-directions.

Individual cell behavior with the sequential morphological change of the leading process,
trailing process and nuclei can be manifested with higher magnification images of 5 min-
intervals (Movie 4, Figure 3C).

Another type of tangential migration in the middle layers’ can be visualized using a similar
protocol (Movie 5, Figure 3D). Bidirectional linear migration along the axon fasciculus running

dorsal to ventral (top to down) is evident’.

FIGURE & TABLE LEGENDS:
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Figure 1. Protocol flow chart. Step 1: Electroporation in ovo. Step 2: Laying tectal tissue so that
the pia side is attached to the insert. Step 3: Inverted fluorescent microscope with laser
confocal unit.

Figure 2. Visualization of superficial tangential migration in flat-mount culture. The
tangentially migrating cells (GFP; upper panel) and the nucleus (mCherry-Nuc; lower panel) in
the superficial layers of the optic tectum are shown at 0, 9, 18, 27 h after onset of the culture
from E7.0. The cells at the lower-left corner of the frame are labeled at 0 h (see Figure 3A).
Scale bar: 100 um.

Figure 3. Schematic figure illustrating the mount conditions for time-lapse imaging. The shape
of the fluorescent labeling (green), initial direction of cell migration (magenta), and video frame
(black square) were illustrated with magnification of the objective lens (obj) and digital zoom
(zoom) in the upper field, with day of electroporation (EP) and onset of culture (culture) in the
bottom field. (A) Movie 1, (B) Movie 2 and 3, (C) Movie 4, (D) Movie 5.

Movie 1. Visualization of superficial tangential migration in a flat-mount culture. Movement
of the tangentially migrating cells (GFP; upper left panel) and their nuclei (mCherry-Nuc; upper
right panel) in the superficial layers of the optic tectum after onset of the culture from E7.0. The
merged image is shown in the lower panel. The cells at the lower-left corner of the frame are
labeled at O h (see Figure 3A), and the time-lapse images were captured over 28 h and 50 min.
Scale bar: 100 um.

Movie 2. Dispersing movement of the tangentially migrating cells (GFP; left panel) and their
nuclei (mCherry-Nuc; right panel) from the center of both panels are shown over 48 h (see
Figure 3B). Scale bar: 100 um.

Movie 3. Trajectories of tangential migration. Displacement of the cell nucleus (the right panel
of Movie 2) was tracked to visualize the trajectories of the tangential migration. Scale bar; 100
um.

Movie 4. Individual cell behavior in higher magnification. Movement of the individual cells
(GFP; left panel) and their nuclei (mCherry-Nuc; right panel) are shown in higher magnification
over 24 h (see Figure 3C). Branching process of the leading process can be recognized. Scale
bar: 100 um.

Movie 5. Middle layer migration. Movement of the tangentially migrating cells (GFP; left panel)
and their nucleus (mCherry-Nuc; right panel) in the tectal middle layers are shown over 24 h
after onset of the culture from E6.0 (see Figure 3D). Linear migration along dorso-ventral axis
(top to down) is remarkable. Scale bar: 100 um.

DISCUSSION:
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The protocol described above is optimized for detecting cell migration in superficial layers®2. It
is applicable for detecting middle layer migration streams (Movie 5)’, just by shifting the
timing of the electroporation (E5.5 to E4.5) and the onset of culture and imaging (E7.0 to E6.0).

The presented procedure is composed of cell labeling by electroporation in ovo, flat-mount
culture and time-lapse confocal imaging (Figure 1). First of all, it is a prerequisite that the
culture conditions should be optimized to keep the tissue healthy and growing normally as in
vivo. It is also crucial to ensure that the orientation of the tissue is suitable for detecting cell
migration. For such purposes, we apply a flat-mount culture on cell insert, which facilitates
observation of horizontal cell dispersion and supplies rich medium with high oxygen. After
ensuring the culture condition and orientation, it is critical for visualization to adjust the
conflicting conditions of better fluorescent labelling with the least electronic and photo
damages. For better labeling, we can choose an expression vector with an efficient promoter
and electroporate concentrated DNA. For achieving least damage, it is important to moderate
the electric condition of the electroporation, lower the DNA concentration, and minimize the
total time of laser irradiation.

An advantage of this protocol using the flat-mount culture on the cell insert is that we can
observe tangential cell migration in the long term. Generally, it is difficult to determine how
long the tissue in culture maintains the physiological conditions in comparison to that in ovo. At
the very least, superficial tangential migration continues over 72 h after onset of culture at
E7.0, which shows normal cellular dispersion similar to that in ovo®. In addition, fresh tissue is
prepared at the start of the culture and imaging to observe migration at later stages. It is also
advantageous that cell displacement can be followed over a long period because the cells
remain moving horizontally in the superficial flat sheets of the tectum, which is close to the
objective lens. Using the confocal system also facilitates tracking cell movement along the z-
axis. On the other hand, a disadvantage of this method is that the flat-mount culture may not
always be relevant to recapitulate other types of migration such as radial migration. When the
method is applied to observe radial migration in the tectal slice on the insert, the thickness of
the tectal tissue does not increase as rapidly as that in ovo. The slice culture method in the
collagen gel may be better to recapitulate such layer development.

Since our method enables the observation of horizontal movement parallel to the culture
insert, it can potentially be applied for detecting sequential change of the fluorescent-labeled
micro-structure, including the axonal elongation in the neural tissue or cell displacement in the
non-neural tissue. For example, after labeling commissural axons in the developing neural tube
by electroporation, movements of pre- and post-crossing axons over the floor plate can be
visualized in the open-book culture incising the roof plate. Provided that the appropriate
culture condition on the cell insert is available for reproducing in vivo conditions, our method
provides an effective technique to visualize horizontal movements of various cell types and
structures.
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Materials
NucleoBond Xtra Midi Plus EF
20 ml syringe
18 gauge needle
Fast Green

100x penicillin and streptomycin
glass capillary tube
cell culture insert
Laminin
poly-L-Lysine

glass bottom dish
Opti-MEM

F12

fetal bovine serum
chick serum
10xHBSS
microsurgical knife

Equipment
curved scissors
micropipette processor
forceps-type electrode
pulse generator
fluorescence stereoscopic microscope
inverted fluorescence microscope
gas controller
temperature controller
laser confocal unit

Company

MACHEREY-NAGEL
TERUMO
TERUMO

Wako

Gibco

Narishige
Millipore

SIGMA

Peptide Institute
Matsunami
Gibco

Gibco
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SUTTER INSTRUMENT
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Leica

Olympus

Tokken
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Olympus
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16110082
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No.11
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ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: Standard Access D Open Access

Item 2 (check one box):

@The Author is NOT a United States government employee.

D 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.

D 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 Mylove 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.

612542.6

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
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
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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 so as to provide to JoVE the
maximum rights permissible within such statute.

8. 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.

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 wuse, 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 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.

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 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
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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.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter

Click here to download Rebuttal Letter rebuttal letter 2.docx

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.
Response: We have checked the manuscript and marked modifications from 58506R1

by red characters.

2. Figure 1: Currently the text and pictures in Figure 1 do not line up well. Specifically,
steps 1, 2, 3 do not correspond to the pictures (A, B, C, D). If possible, please include a
picture to show step 1. Also it may be more helpful to the viewers/readers if the text is
placed directly below the corresponding picture.

Response: We have reorganized Figure 1 after including a picture of Step 1.

3. Figure 3: Please change "Video Figure" to "Movie".

Response: It was changed thoroughly.

4. Movie 3: Please provide a scale bar and define the scale bar in the figure legend.

Response: Scale bar was added with the description in the figure legend.
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