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Cover Letter

Department of Biology
Bucknell University
Lewisburg, Pennsylvania 17837

Phone: 570-577-1415
Fax: 570-577-3537
Email: LP028@bucknell.edu

Dear Sir or Madam:

Please find the attached invited manuscript, Micromanipulation of Chromosomes in Insect
Spermatocytes, by Nicolas K.H. Lin, Ryder Nance, Jane Szybist, Alan Cheville, and Leocadia V.
Paliulis. This is the first submission of this work to JoVE, and it is not currently under review by
any other journal.

Micromanipulation of chromosomes has been a key method used in pivotal experiments that
have illuminated the mechanism for chromosome congression, the spindle checkpoint, and
anaphase chromosome movements. Using a small glass needle with a very fine tip,
experimenters like Bruce Nicklas detached chromosomes from the spindle, applied forces to
attached chromosomes, and repositioned chromosomes within the cell. Micromanipulation was
key in revealing the role of tension in the spindle checkpoint (Li and Nicklas, 1995), in
stabilizing chromosome attachments to the spindle (King and Nicklas, 2000) and also revealing
the forces exerted on the chromosome during cell division (Nicklas, 1983).

Micromanipulation experiments have been done by a small handful of biologist. One reason for
this is that micromanipulators that move chromosomes well are rarely available in the
marketplace. We have found that a joystick-controlled piezoelectric micromanipulator controls
needle movement with no vibration, drift, or lag between joystick movement and needle
movement. The micromanipulators designed by Ellis and Begg (Ellis, 1962; Ellis and Begg,
1981) were ideal for this purpose, but needed to be constructed by the experimenter or someone
the experimenter consulted; and essentially required collaboration with engineers or a physics
shop. Micromanipulators are currently commercially available and commonly used in
electrophysiology, but none are readily useful for micromanipulation of chromosomes, as they
often have problems with latency or lag in movement, or have controllers that are not able to
accommodate movements required for moving chromosomes. Thus, scientists needed to build
their own micromanipulators or modify a commercially available micromanipulator; a difficult
and generally prohibitive task.

A group of undergraduate engineering students at Bucknell University, after learning from me
about the problems described above, took on the task of constructing a micromanipulator using
commercially-available components and 3-D printed parts. The micromanipulator has features
not previously available, like adjustable sensitivity and a single joystick positioner for both
coarse and fine movements. Plans are freely available via a website cited in our manuscript, and
this has now allowed us to make demonstration of the technique available to researchers through
JoVE.



While there has been a previously-published article on the technique of micromanipulation
(Zhang and Nicklas, 1999), this new article features a new apparatus and approach, and will
illustrate the technique much more clearly in video format. We think an article on
micromanipulation will be of great interest to readers of JOVE. Micromanipulation experiments
have great potential to reveal much more about the internal workings of the cell, and specifically
about the movements of chromosomes. Micromanipulation can be combined with the use of
small molecule inhibitors, or used in mutants to reveal key features of chromosome movements
that have not previously been explored. We believe that this article will lead to some new and
very exciting experiments.

Thank you for your consideration.

Sincerely,

Lw-"f'”"f

Leocadia Paliulis
Associate Professor
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SHORT ABSTRACT:

In this protocol, we describe the selection and preparation of appropriate cells for
micromanipulation and the use of a piezoelectric micromanipulator to reposition chromosomes
within those cells.

LONG ABSTRACT:

The micromanipulation of chromosomes has been an essential method for illuminating the
mechanism for chromosome congression, the spindle checkpoint, and anaphase chromosome
movements, and has been key to understanding what controls chromosome movements during
a cell division. A skilled biologist can use a micromanipulator to detach chromosomes from the
spindle, to reposition chromosomes within the cell, and to apply forces to chromosomes using a
small glass needle with a very fine tip. While perturbations can be made to chromosomes using
other methods such as optical trapping and other uses of a laser, to date, no other method allows
the repositioning of cellular components on the scale of tens to hundreds of microns with little
to no damage to the cell.

The selection and preparation of appropriate cells for the micromanipulation of chromosomes,
specifically describing the preparation of grasshopper and cricket spermatocyte primary cultures
for the use in live-cell imaging and micromanipulation, are described here. In addition, we show
the construction of a needle to be used for moving chromosomes within the cell, and the use of

*
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a joystick-controlled piezoelectric micromanipulator with a glass needle attached to it to
reposition chromosomes within dividing cells. A sample result shows the use of a
micromanipulator to detach a chromosome from a spindle in a primary spermatocyte and to
reposition that chromosome within the cell.

INTRODUCTION:

Micromanipulation has revealed parts of the mechanism for a chromosome congression, the
spindle checkpoint, and anaphase chromosome movements. The earliest publication describing
the results of micromanipulation experiments was by Robert Chambers!. Chambers used a
mechanical micromanipulator with an attached glass needle to probe the cytoplasm of a number
of different cell types. Unfortunately, contrast methods that allowed the visualization of
chromosomes and many other cellular components in living cells were not available at the time,
so Chambers’ experiments could not show the effects of repositioning such cellular components.
Early micromanipulations that altered the chromosome position used the Chambers apparatus
to sweep the spindle midzone in anaphase cells, showing that such manipulations could alter the
position of chromosome arms in anaphase grasshopper neuroblasts?. Nicklas and his
collaborators were the first to perform fine micromanipulations of chromosomes, stretching the
chromosomes?, detaching them from the spindle and inducing a reorientation3, stabilizing a
malorientation by applying tension to the chromosomes®”’, and measuring the forces produced
by spindles in anaphase®?. Other work by the Nicklas lab showed that cytoplasmic granules could
also be manipulated!® and that centrosomes could be repositioned by micromanipulation?’.
Micromanipulation is not just useful for moving chromosomes and other cellular components. A
micromanipulation needle can cleanly cut through a mitotic spindle in demembranated cells?? or
can be used to dissolve the nuclear envelope®3. In addition, adjacent cells can be fused by
micromanipulation#5,

With such a wide variety of interesting experiments that can be done using micromanipulation,
it is at first glance surprising that micromanipulation experiments have been done by very few
chromosome biologists. One reason for this deficiency is that the mitotically-dividing cultured
cells that are derived from vertebrate tissues and are commonly used for studying chromosome
movements are extremely difficult to micromanipulate. These tissue culture cells generally have
a cortical cytoskeleton that “gets in the way” of the micromanipulation needle, and
chromosomes either cannot be reached by the needle or the needle grinds through the cell,
leading to a cell rupture and death. We, and other experimenters who use micromanipulation,
have found arthropod cells to be amenable to micromanipulation. Arthropod spermatocytes are
easily spread under a layer of halocarbon oil and appear to have a much less robust cortical
cytoskeleton underlying the cell membrane during a cell division. Thus, arthropod testes provide
a good source of meiotically-dividing cells (spermatocytes) and mitotically-dividing cells
(spermatogonia) with easily accessible chromosomes for micromanipulation. A serial sectioning
of a grasshopper spermatocyte fixed during a manipulation revealed that the needle never
penetrates the cell membrane; the cell membrane deforms around the needle (Nicklas R. B.,
personal communication). Spermatocytes from a number of insect and spider taxa have been
micromanipulated successfully, including grasshoppers, praying mantids, fruit flies, crane flies,
crickets, spittlebugs, moths, black widow spiders, cellar spiders, and orb-weaving spiders>77-22,
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Cultured, mitotically-dividing cells from insects can be micromanipulated. For example, the
chromosomes in grasshopper neuroblasts in a primary culture have chromosomes that can be
readily micromanipulated®?3. We suspect that the available cultured lines derived from
Drosophila and other insects will also be micromanipulatable, though we have not tested the
technique with these cells. We will show how dividing cells from grasshoppers and crickets can
be prepared for a micromanipulation. Crickets are easy to obtain from most pet stores at any
time of the year. Grasshoppers are only easily obtainable in the summer unless the researcher
has access to a laboratory colony, but the species used (Melanoplus sanguinipes) has easily
flattened cells, and long, easy-to-manipulate chromosomes.

Another reason why micromanipulation experiments have been done by a small handful of
biologists is that micromanipulators that move chromosomes well are rarely available in the
marketplace. We have found that a joystick-controlled piezoelectric micromanipulator controls
the needle movement with no vibration, drift, or lag between the joystick movement and the
needle movement, but other types of manipulators can also successfully push chromosomes
around in the cell. The micromanipulators designed by Ellis and Begg?>?® are ideal for the
micromanipulation of chromosomes, though they use older technology. Piezoelectric
micromanipulators are currently available and commonly used in electrophysiology; however,
these micromanipulators are not typically joystick-controlled. Joystick control is key to the
smooth movements required for a successful micromanipulation, and so a custom joystick should
be constructed to make the currently-available piezoelectric micromanipulators work for a
chromosome micromanipulation. The joystick-controlled piezoelectric micromanipulators that
work best have direct position control, in which the movement of the joystick translates directly
to a needle movement.

A newly-designed piezoelectric micromanipulator can be constructed from commercially-
available parts that can be easily replaced and from some small 3-D printed components, and it
works well for chromosome micromanipulation?®. The micromanipulator has adjustable
sensitivity, manual coarse positioning, and no vibration, drift, or lag in the needle movement, and
direct position control of the needle. Scientists can construct the micromanipulator using
instructions available online?*. Below are the methods for preparing a primary spermatocyte cell
culture and for micromanipulating the chromosomes within the cells in that culture.

PROTOCOL:
1. Preparation of Primary Insect Spermatocyte Cell Culture for Micromanipulation
1.1. Slide preparation

1.1.1. Obtain a 75 mm x 25 mm glass slide with a 20 mm diameter circular hole cut out in the
center of the slide.

Note: These were cut from a single sheet of window glass to be the size of a glass slide with a
hole in the center.
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1.1.2. Run a 25 mm x 25 mm #1.5 coverslip through a Bunsen-burner flame for 2 s.

1.1.3. Apply vacuum grease around the edge of the hole in the glass slide

1.1.4. Place the coverslip on the hole as in Figure 1. Press it and make sure to form a tight seal.
1.1.5. Flip the glass slide and fill the dissection well with halocarbon oil.

1.2. Spermatocyte culture preparation for viewing on microscope

Note: Here, we describe the culture preparation method using grasshopper or cricket cells. Testes
contents of other arthropods can be cultured using a similar method.

1.2.1. Obtain subadult male crickets (or grasshoppers). Place a living insect in a refrigerator for
approximately 2 min to cold-anesthetize it. Using dissecting scissors, quickly cut through the
dorsal surface parallel to the long axis of the abdomen directly behind the wing buds. Manually
squeeze the abdomen gently to push the testes through the cut in the exoskeleton (Figure 2).

1.2.2. Using forceps, place the isolated testes in a dissection well containing halocarbon oil.

1.2.3. If needed, view the testes under a dissecting microscope. Divide them into smaller pieces
using fine-pointed forceps, removing any fat covering the testes, and use fine-pointed forceps to
break up the testes (Figures 3A and 3B). Spread the testes contents under the oil, on the surface
of the coverslip (Figure 3C).

1.2.4. Spread the testes contents until the spread portion of the testis is barely noticeable to the
eyes (Figure 3C). Use additional oil-loaded dissociation wells if needed.

2. Micromanipulation
2.1. Production of the microneedle

2.1.1. Place one end of a (0.85 mm in outer diameter, 0.65 mm in inner diameter) glass tube in
the flame of a Bunsen burner. Pull the end of the glass tubing in such a way that a 150° angle is
formed, and an extended area of narrow glass tubing is created. Break the tubing in the thin
region so that the thin region extending from the angle is approximately 10 mm long (Figure 4A).

2.1.2. Using a microforge (either custom-made according to Powell?’ or commercially available—
see Table of Materials), touch the tip of the glass needle to the hot platinum wire to melt the
glass at the tip. Form an approximately 45° angle between the needle and the platinum wire of
the microforge (Figure 4B). Pull the glass away from the hot wire, while shutting off the heat to
the wire, forming a thin tip of < 1.5 mm at the end of the glass needle.
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Note: The tip diameter will be difficult to measure, but a tip of this length is likely to produce a
firm but flexible needle that will be appropriate for micromanipulation. Alternatively, a
micropipette puller could be used to create glass tubing with an appropriate tip diameter (the
experimenter will have to test different pulling recipes to produce an appropriately firm but
flexible microneedle for the job). The needle could be placed in a holder that is shaped similarly
to the manipulation needle created according to the method described above.

2.2. Positioning the micromanipulator

2.2.1. Place the prepared slide on the stage of an inverted, phase-contrast microscope. Find the
dividing cells and center them in the field of view. Focus on the cells using the lowest
magnification possible.

Note: We used a 16X phase-contrast objective.
2.2.2. Place the microneedle in the needle holder on the micromanipulator.

2.2.3. Manually position the microneedle in the light path of the microscope so that the tip of
the needle is illuminated by the light (Figure 5B).

2.2.4. Focus the microscope several focal planes above the plane in which the cells lie.

2.2.5. Reposition the microneedle using the joystick controller at a low sensitivity several times
to find the shadow of the needle in the X- and Y-axes. Continue to readjust the position until the
position of the tip is visible. Adjust the position of the needle along the Z-axis until the needle tip
is in focus.

2.2.6. Refocus on the cells, then focus the microscope above the cell plane so that cells are just
out of focus and invisible. Readjust the position of the needle so that its tip is in focus in this focal
plane.

2.2.7. Adjust the magnification of the microscope as needed.

Note: We used a 100X 1.4 numerical aperture (NA) phase-contrast objective for the
micromanipulation.

2.2.8. After focusing on the cells using the higher-magnification objective, again focus the
microscope above the cell plane so that the cells are just out of focus and invisible. Using a higher
sensitivity setting, readjust the position of the needle so that its tip is in focus and centered in
the focal plane above the plane in which the cells lie.

2.2.9. Refocus on the cells, adjusting their position so they remain in the center of the field of
view. The needle is now ready for the micromanipulation.
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2.3. Micromanipulation of chromosomes

2.3.1. Using the same sensitivity setting as for the fine positioning at a high magnification, use
the joystick to control the microneedle and push the chromosomes around inside the cell. Keep
the needle tip above the plane of the cells.

2.3.2. To pull on or move a chromosome, focus on a chromosome near the top of the cell.

Note: These chromosomes are easier to manipulate—manipulating chromosomes close to the
coverslip makes it likely that the needle will grind into the coverslip, bursting the cell and ending
the experiment.

2.3.3. Adjust the Z-axis on the joystick to bring the needle tip into focus, and then move the
needle tip with the joystick in X and Y. Place the tip of the needle directly on the chromosome to
be manipulated and push it in the desired direction to allow the manipulator to reposition the
chromosome.

2.3.4. Depending on how far the chromosome is pushed, either apply tension to the chromosome
or apply sufficient tension to detach a chromosome from the spindle. Once a chromosome is
removed from a spindle, place it anywhere within the cell.

REPRESENTATIVE RESULTS:

Figure 6 shows a sample micromanipulation of 2 adjacent grasshopper primary spermatocytes in
several examples of the possible uses of micromanipulation. This experiment was done using an
inverted, phase-contrast microscope. The 0:00 (times shown are in min:s) image shows both cells
prior to the manipulation. One chromosome in the bottom cell is shown under tension applied
by the micromanipulation needle (0:05; black arrow) and then completely detached from the
spindle (0:10; black arrow). One chromosome in the bottom cell (6:25; yellow arrow) is pushed
toward 1 spindle pole of that cell (7:05; yellow arrow) and then moved outside of the main
spindle area (7:10; yellow area). Both manipulated chromosomes (yellow and black arrows) in
this experiment are kept from reattaching to the spindle by being continually nudged with the
micromanipulation needle to prevent a formation of new spindle attachments. The shadow cast
by the micromanipulation needle is visible in some images, but the tip of the needle is rarely
visible. These images show that it is possible to reposition, apply tension to, and detach a
chromosome from the spindle using micromanipulation. Chromosomes can be detached from a
spindle in their prometaphase, metaphase, and anaphase, though anaphase chromosomes are
extremely difficult to detach.

FIGURE LEGENDS:

Figure 1. Glass slide with coverslip attached. A 25 mm x 25 mm, flame-treated coverslip is
attached to a 75 mm x 25 mm glass slide with a 20 mm in diameter circular hole cut in the center
and sealed with vacuum grease. Note the lack of visible bubbles or gaps in the vacuum grease
under the coverslip.
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Figure 2. Removal of testes from cricket and grasshopper. Testes (arrow) can be removed from
a male cricket (Acheta domesticus—top) or a grasshopper (Melanoplus sanguinipes—bottom)
after an incision is made on the abdomen of the insect, directly behind the wing buds
(arrowheads).

Figure 3. Preparation of cell spread. (A) The testes bulk of a cricket is shown by the arrow. The
testes segment used for a single slide is shown by the arrowhead. The bar = 1 mm. (B)
Grasshopper testes are composed of a number of tubules. Typically, we used 4 tubules from a
juvenile male grasshopper for each slide, as shown in this image. The bar = 1 mm. (C) For either
species, the testes are broken using forceps, and the contents of the testis segments are spread
in halocarbon oil. The spread testes contents under oil are shown. The bar = 10 mm.

Figure 4. A micromanipulation needle formed from glass tubing. (A) The general shape of the
needle is a long, unmodified segment of glass tubing (= 10 cm), with a bend of approximately
150° approximately 10 mm from the end (formed by stretching and bending the glass tubing in a
Bunsen burner flame). (B) The panel shows the needle placed in the microforge. The needle
(arrowhead) forms an approximately 60° angle with the platinum wire filament (arrow) prior to
heating it. (C) The tip of the needle (arrowhead) is formed after the bent glass tube is touched to
the hot platinum wire filament (arrow) in the microforge and pulled away.

Figure 5. Placement of needle in microscope light path. (A) This panel shows a view of the
micromanipulator. (B) This panel shows a close-up view of the micromanipulation needle placed
in the micromanipulator needle holder, which is a piece of 3-D printed plastic. (C) A needle tip
positioned in the light path of an inverted, phase-contrast microscope.

Figure 6. Micromanipulation of chromosomes in two adjacent grasshopper primary
spermatocytes. The times are shown in min:s. The 0:00 image shows both cells prior to the
micromanipulation. Tension is applied on the chromosome (shown by the black arrow) using the
micromanipulation needle toward the top spindle pole of that cell (0:05). The chromosome is
detached from the spindle and pushed toward the bottom spindle pole (0:10), and eventually
moved outside of the main spindle area (6:25, 7:05, and 7:10). A chromosome in the adjacent
cell (6:25, yellow arrow) is pushed toward the top spindle pole in that cell (7:05, yellow arrow)
and then moved outside the main spindle mass (7:10, yellow arrow). The bar = 10 um.

DISCUSSION:

With practice, moving chromosomes around in the cell can become second nature. Needles that
are both sufficiently stiff and sufficiently thin-tipped are difficult to “get the knack of” fabricating,
but this ability also comes with practice. Needles that are so fine that they deform when moved
in the halocarbon oil will not be useful for pushing chromosomes in the cell. Needles that are so
blunt that their tips are visible and as large as 1/3 of the width of a chromosome (or larger) are
very likely to kill the cell. The creation of a needle that is sufficiently fine to push chromosomes
but not so blunt as to kill the cell is the crucial step of the protocol.
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Success typically results when healthy organisms are used for making spermatocyte preparations,
and the chromosomes near the top surface of the cell are selected for micromanipulation.
Attempts to manipulate chromosomes near the coverslip-surface of the cell often result in
grinding the micromanipulation needle into the coverslip and puncturing the cell, thus ending
the experiment. If the cell is not punctured or otherwise unhealthy, the cell should survive
micromanipulation. Cell death is easily diagnosed, as the chromosomes very rapidly clump
together. Micromanipulated cells typically survive through the anaphase and cytokinesis, and we
have successfully conducted 6 h long micromanipulation experiments.

While there are a steep learning curve and a requirement to acquire the equipment in gearing
up to micromanipulate, there is a great deal of value in being able to manually reposition cellular
components in a precise manner. As stated above, there is no other method currently available
that allows such precise repositioning of large cellular structures. There is a long history of using
micromanipulation to move structures in the cell. Examples, with beautiful figures of the process,
of using micromanipulation to measure forces exerted on anaphase | chromosomes® and apply
tension to chromosomes® are available in the literature. In addition, many examples of how
micromanipulation can also be used to alter the position of other structures in the cell-like
microtubules?®2°, disrupt other structures in the cell like the nuclear envelope??, or fuse adjacent
cells?*1> are illustrated in the literature.

More micromanipulation experiments need to be done, as the ability to manually reposition
chromosomes and other structures, to apply forces to structures, and to measure forces on
chromosomes in different stages of the cell division will lead to a better understanding of cellular
processes, and the creation of accurate, predictive mathematical models of cellular processes.
Future applications will allow an easy measurement of the forces on chromosomes in all stages
of the cell division.
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at

_ http://www.jove.com/author) via: DZLStandard Access | | Open Access

Item 2 (check one box):

l

I

i
L. 4 The Author is NOT a United States government employee.

_ | The Author is a United States government employee and the Materials were prepared in the

course of his or her duties as a United States government employee.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means 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.
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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 JoOVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in ftem 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 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 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 shalt
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} Fax the 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

6125426

e/ Mo 4

)



Rebuttal Letter

Click here to download Rebuttal Letter Revision cover letter.doc

Your MS Word document "Revision cover letter.doc" cannot be opened and
processed. Please see the common list of problems, and suggested
resolutions below.

Common Problems When Creating a PDF from Microsoft Word Documents

When you open your document in MS Word, an alert box may appear with a
message. This message may relate to margins or document size. You will
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Embedded Macros
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