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22
23 SHORT ABSTRACT:
24 Here, we present a protocol to detect 5-hydroxymethylcytosine in cells and brain tissues, utilizing
25 immunofluorescence staining and DNA dot-blot methods.
26
27  LONG ABSTRACT:
28  More than 20 DNA modifications have been identified in the mammalian genome. Of that, 5-
29  methylcytosine and 5-hydroxymethylcytosine-mediated epigenetic mechanisms have been
30 intensively studied. 5-hydroxymethylcytosine displays dynamic features during embryonic and
31 postnatal development of the brain, plays a regulatory function in gene expression, and is
32  involved in multiple neurological disorders. Here, we describe the detailed methods including
33  immunofluorescence staining and a DNA dot-blot to detect 5-hydroxymethylcytosine in cultured
34  cells and brain tissues of mouse.
35
36 INTRODUCTION:
37 Epigenetic modifications, including DNA modification, histone modification and RNA
38 moaodification, have been shown to play essential functions in diverse biological processes and
39 diseases’”’. For a long time, DNA methylation (i.e., 5-methylcytosine (5-mC)) was viewed as a
40  highly stable epigenetic marker and could not be further modified in the genome. Recently, it has
41  been found that 5-mC could be oxidized to 5-hydroxymethylcytosine(5-hmC) by TET (Ten-eleven
42  translocations) family proteins including TET1, TET2, and TET3%°, Further studies show that 5-
43  hmC could serve as a stable marker and play biological roles by regulating gene expression*19-12,
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The present evidence indicates that 5-hmC is highly enriched in neuronal tissues/cells relative to
other types of tissues in mammals, and exhibits dynamic features during neuronal
development!®!4, In a neuronal system, 5-hmC mediated epigenetic modifications play an
important role in regulating neural stem cells, neuronal activity, learning and memory, and is
involved in multiple neurological disorders including Rett syndrome, autism, Alzheimer’s disease,
Huntington’s disease, etc.>1315-20,

There are several approaches for detecting 5-hmC in cells and tissues!#?124 Here, we describe
two methods to detect the existence of 5-hmC and quantify the global level of 5-hmC:
immunofluorescence staining and DNA dot-blot. These two methods are convenient and
sensitive, and have been successfully used in previous studies?>3. The key steps of these
two methods are DNA denaturation. For immunofluorescence staining of 5-hmC, pre-
treatment of samples with 1 M HCl is required. For a 5-hmC dot-blot, a NaOH solution is
used to denature DNA. These two methods together with next-generation sequencing are
very useful tools for investigating the function of 5-hmC.

PROTOCOL:

All the animal procedures have been approved by the Animal Ethics Committee of Zhejiang
University.

1. The culture of adult neural stem cells and neurons

1.1. Isolate adult neural stem cells from the forebrain of an adult (8-10 week old) C57/BL6
male mouse as described previously3233,

1.2.  Culture adult neural stem cells in DMEM/F-12 medium containing 20 ng/mL FGF-2, 20
ng/mL EGF, 2% B27 supplement, 1% antibiotic-antimycotic, and 2 mM L-Glutamine in a 5% CO;
incubator at 37 °C. Induce the differentiation of adult neural stem cells with 1 uM retinoic acid
and 5 pM forskolin for 48 h as described previously3233,

1.3. Isolate neurons from the embryonic day 17 (E17) hippocampi of the mouse and culture
with neurobasal medium containing of 0.25% L-Glutamine, 0.125% GlutaMax and 2% B27
supplement in a 5% CO; incubator at 37 °C as previously described3*.

2. Transcardial perfusion of the mouse

2.1.  Prepare 10% chloral hydrate, 4% paraformaldehyde (PFA) and phosphate buffered saline
(PBS) one day before the experiment, and store at 4 °C.

2.2.  Anesthetize an adult male or female C57 BL/6J mouse with 10% chloral hydrate (50
mg/kg, i.p.), and ensure that the animal is deeply anesthetized by checking the body reaction. Fix
each limb with sticky tape on a plastic board (in a face-up position).
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2.3.  Cut the skin and then the muscle with surgery scissors. Open the thoracic cavity with a
surgical scissor. Expose the heart and cut off a little part of the right atrium with a fine surgical
scissor.

2.4.  Perfuse the mouse with a 10 mL disposable sterilized syringe from the left ventricle with
cold PBS (around 30 mL per adult mouse).

2.5.  Perfuse the mouse with 4% PFA (around 30 mL in 10 min per adult mice) until it is stiff.

2.6. Open the skull of the mouse with bone forceps. Remove the brain and put into 5 mL of
4% PFA in a 15 mL centrifuge tube for post-fixation at 4 °C.

NOTE: Clean the surgical area after surgery has finished.

2.7. At least 24 h later, transfer the brain samples into a 30% sucrose solution for complete
dehydration at 4 °C.

3. Brain sectioning

3.1. Embed the brain samples in optimal cutting temperature compound (OCT) in a small
container, and cool down at -20 °C for at least 1 h.

3.2.  Section brain samples at a thickness of 20-40 um with a cryostat microtome.
3.3.  Collect sections into PBS and store at 4 °C.
4. Immunofluorescence staining

4.1.  Pick up the sections with the targeted brain regions and put them into a 24-well plate
with PBS. For cultured cells on a coverslip, go directly to step 4.2.

4.2. Wash with PBS on the shaker at room temperature for 10 min. Repeat this twice more.
4.3. Remove PBS, and treat with preheated 1 M HCI for 30 min at 37 °C.

NOTE: Prepare 1 M HCI by adding 1 mL of hydrochloric acid (36-38%) into 10 mL of water in a
chemical hood. Preheat 1 M HCl in the incubator at 37 °C.

4.4. Wash the samples with PBS for 5 min. Repeat this twice more.

4.5. Block samples with PBS containing 3% normal goat serum and 0.1% Triton X-100 for 1 h
on the shaker at room temperature.

4.6. Incubate sections with specific primary antibodies overnight at 4 °C on the shaker.
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NOTE: Use the following primary antibodies: polyclonal rabbit antibodies anti-5-
hydroxymethylcytosine (1:5,000), mouse monoclonal antibody anti-NeuN (1:500).

4.7. Take out the samples, and further incubate at room temperature for 1 h.
4.8. Wash the samples with PBS for 10 min. Repeat this twice more.

4.9. Incubate with secondary antibodies corresponding to the primary antibodies at room
temperature for 1 h on the shaker. Cover the plate with aluminum.

NOTE: Use the following secondary antibodies: Alexa Fluor 488 goat anti-rabbit IgG (1:500), Alexa
Fluor 568 goat anti-mouse IgG (1:500). Counterstain nuclei with 4’-6-diamidino-2-phenylindole
(DAPI).

4.10. Wash the samples with PBS for 10 min on the shaker. Repeat this twice more.

4.11. Mount brain sections onto the slides, add proper amount of antifade mounting medium
(around 100-150 pL), and cover with premium cover glass. Seal with nail polish.

4.12. Take images with a regular or confocal fluorescence microscope.
5. Genomic DNA isolation

5.1.  Euthanize an adult C57 BL/6J mouse (male or female) by cervical dislocation and remove
the brain.

5.2. Dissect the hippocampus, cortex and cerebellum tissues on an ice-cooled dish. Grind
tissues with a tissue grinder in 1 mL of DNA lysis buffer and transfer into clean microcentrifuge
tube. Add 250 pg of proteinase K per 600 pL of lysis buffer. For cell pellets, directly add lysis

buffer, proteinase K, and mix thoroughly.

NOTE: Prepare DNA lysis buffer: 5 mM EDTA, 0.2% SDS, 200 mM NaCl in 100 mM Tris-HCI, pH 8.5.
Wash and autoclave the tissue grinder before the experiment.

5.3. The second day, add about 50 pg of RNase A per sample for at least 12 h at 37 °C.
5.4. Addan equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) and mix completely.

5.5. Centrifuge at 20,817 x g for 15 min, and remove the supernatant into a new
microcentrifuge tube.

5.6. Add 600 pL of chloroform to the supernatant to precipitate DNA, and mix thoroughly.
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5.7. Centrifuge at 20,817 x g for 15 min, and remove the supernatant into another new tube.
5.8.  Add 500 puL of isopropanol to the supernatant, and mix thoroughly.
5.9. Centrifuge at 20,817 x g for 15 min, and remove the supernatant completely.

5.10. Wash the precipitation with 1 mL of 70% ethanol, centrifuge at 20,817 x g for 1 min, and
remove the supernatant completely. Repeat once.

5.11. Dry the DNA pellet completely.

5.12. Dissolve DNA pellet with Tris-HCI buffer (pH 8.5) to the proper concentration.

6. DNA dot blot

6.1. Prepare the solutions: 2 M NaOH, Tris-HCl buffer (pH 8.5), 6x saline sodium citrate (SSC).
6.2. Make the sample mixture as Table 1.

6.3. Denature DNA samples at 100 °C for 10 min, and cool down on ice.

6.4. Cut the proper size of nylon membrane (e.g., Hybond-N+) and rinse with 6x SSC.

6.5. Put the membrane on dot-blot apparatus and connect to the vacuum pump. Spot 6 uL of
mixture per dot onto the membrane.

6.6. Hybridize for 30 min at 80 °C, and block the sample membrane with fat-free milk in Tris-
buffered saline (TBS) for 1 h.

6.7. Incubate with primary antibody at 4 °C overnight.

NOTE: Use the following primary antibody: polyclonal rabbit anti-5-hydroxymethylcytosine
(1:5000).

6.8. On the second day, incubate the sample membranes at room temperature for 1 h. Wash
with TBS for 10 min. Repeat this wash twice more.

6.9. Incubate the membrane with anti-rabbit secondary antibody (1:5,000) for 30 min at room
temperature.

6.10. Wash with TBS for 10 min. Repeat this wash twice more.

6.11. Visualize the chemiluminescence signals, and quantify signal intensities.
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REPRESENTATIVE RESULTS:

To reveal the distribution of 5-hmC in the hippocampus of adult mice, we performed
immunofluorescence with antibodies against neuronal cells (NeuN) and 5-hmC. In the
hippocampus, 5-hmC co-localized well with neuronal cell marker NeuN (Figure 1A-H), suggesting
an enrichment of 5-hmC in neurons.

To determine the dynamics of 5-hmC during neuronal development, a dot-blot was first
performed with DNA samples isolated from proliferating and differentiated adult neural stem
cells (NSCs). Dot-blot results showed that the global level of 5-hmC significantly increased during
the differentiation of NSC (Figure 2A-B). Further, dot-blot results showed that the level of 5-hmC
in neurons was significantly higher than that of NSCs (Figure 2C-D), suggesting a dynamic 5-hmC
modification during neuronal development.

FIGURE AND TABLE LEGENDS:
Figure 1. Immunofluorescence staining of 5-hmC in hippocampus of adult mice. 5-hmC co-
localized well with neuronal cell marker NeuN. Scale bar in A-D: 100 um; Scale bar in E-F: 50 um.

Figure 2. DNA dot-blot detection of 5-hmC in adult neural stem cells and neurons. (A) 5-hmC
dot-blot of NSCs under proliferation (Proli) and differentiation (Diffe) conditions. (C) 5-hmC dot-
blot of NSCs and primary neurons. Methylene blue staining (B, D) indicating an equal loading of
genomic DNA at each concentration in (A) and (C), respectively.

Table 1. The preparation of samples for dot-blot.

DISCUSSION:

Epigenetic modifications play essential roles during brain development, maturation, and function.
As a stable marker for DNA modification, dynamic 5-hmC responds to behavioral adaptation,
neuronal activity, and is positively correlated with gene expression; thus, it is involved in the
normal function of the brain and neurological disorder®. To explore its function in cells and
tissues, it is necessary to detect the existence of 5-hmC and compare the level before and after
treatment. Here, we demonstrated two convenient methods to detect 5-hmC in cells and tissues,
which could be performed with common equipment in the lab.

The key reagent of detecting 5-hmC with immunofluorescence staining and DNA dot-blot is the
5-hmC antibody. The 5-hmC antibody used in the method has been proven to have high
sensitivity and is very specific. For 5-hmC staining, it requires DNA denaturation with HCI. The
proper treatment of tissues and cells with HCl is critical for complete DNA denaturation and
affects the results. The DNA dot-blot is a sensitive method to quantify the amount of 5-hmC, and
is much more convenient than mass spectroscopy. For a successful dot-blot, precise spreading of
DNA samples onto the membrane is required. Further, methylene blue staining helps determine
whether DNA samples were equally loaded. Of note, the methods described here detect the
global level of 5-hmC in multiple types of cells and tissues. To measure the amount of 5-hmC
relative to other bases and distinguish its distribution feature in genome, it requires LC-MS/MS
and next-generation sequencing.
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200 ng/dot | 400 ng/dot 1000 ng/dot
DNA 470 ng 940 ng 2350 ng
2 M NaOH 2.81 plL 2.81 pL 2.81 pL

Tris-HCl buffer, pH
7.5

Make the volume up to 14.06 L
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Name of Material/Equipment Company
4'-6-diamidino-2-phenylindole (DAPI ) Sigma-Aldrich
Adobe Photoshop software Adobe Inc.

Alexa Fluor 488 goat anti-rabbit I1gG

Thermo Fisher

Alexa Fluor 568 goat anti-mouse IgG

Thermo Fisher

anti-5-hydroxymethylcytosine Active Motif
anti-NeuN Millipore

B27 supplement Gibco

B27 supplement Gibco

B27 supplement Gibco
Cryostat microtome Leica
DMEM/F-12 medium OmegaScientific
epidermal growth factor PeproTech
Fibroblast growth factor-basic PeproTech
forskolin Sigma-Aldrich
GlutaMax Thermo
L-Glutamine Gibco
neurobasal medium Gibco

normal goat serum

Vector Laboratories

nylon membrane (Hybond™-N+ )

Amersham Biosciences

OCT Leica

Pen Strep Gibco
phenol: chloroform: isoamyl alcohol (25: 24:1) Sigma-Aldrich
Poly-D-Lysine Sigma
proteinase K VVR

retinoic acid Sigma-Aldrich
Triton X-100 Solarbio
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upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2: Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9: Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

13- 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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12, Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JOVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoOVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

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

CORRESPONDING AUTHOR
Name: i

NueKun L
Department: k ) ' 1.
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Institution: iy ;
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Signature: W Date: Mo 3, H0 /‘7

Please submit a signedﬁd dated copy of this license by one of the following three methods:
1. Upload an electronic version 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 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Zhaung et
al_rebuttal letter.docx

Dear JoVE editor,

We really appreciate the valuable and constructive comments of editor and
reviewers. We have edited and formatted the manuscript thoroughly, and
described below in details.

After revising and uploading your submission, please also upload a separate
rebuttal document that addresses each of the editorial and peer review
comments individually. Please submit each figure as a vector image file to
ensure high resolution throughout production: (.svg, .eps, .ai). If submitting as
a .tif or .psd, please ensure that the image is 1920 x 1080 pixels or 300 dpi.
Additionally, please upload tables as .xlIsx files.

** we have prepared the figures following this requirement.

Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues. The JoVE editor will not copy-edit
your manuscript and any errors in the submitted revision may be present in the
published version.

** we have thoroughly edited the manuscript.

2. Please format the manuscript as: paragraph Indentation: O for both left and
right and special: none, Line spacings: single. Please include a single line
space between each step, substep and note in the protocol section.

** we formatted the manuscript.

3. Please provide an email address for each author.

** we provided the information.

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol
and its applications in complete sentences between 10-50 words: “Here, we
present a protocol to ...”

** we formatted the manuscript.

5. Please expand the Introduction to include all of the following:

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

c) The advantages over alternative techniques with applicable references to
previous studies

d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate
for their application

** we formatted the manuscript.

6. Please remove all commercial language from your manuscript and use
generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents.

For example: ThermoScientific, DM-25, 47 OmegaScientific, Gibco, 21103-049,


https://www.editorialmanager.com/jove/download.aspx?id=1024077&guid=6d8d416c-ee15-4fea-a70b-8b56e1ae33b6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1024077&guid=6d8d416c-ee15-4fea-a70b-8b56e1ae33b6&scheme=1

Sigma, P0899-10, Leica, Active Motif, 39769, Vector Laboratories, Millipore,
MAB377, Sigma-Aldrich, D8417, h Adobe Photoshop software (Adobe Inc.),
eppendorf, Hybond™-N+, Amersham Biosciences, Tanon detection syste, etc.
** we formatted this part and summarized in Table.

7. Please adjust the numbering of the Protocol to follow the JOVE Instructions
for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2
if necessary. Please refrain from using bullets or dashes.

** we formatted the manuscript.

8. Please convert centrifuge speeds to centrifugal force (x g) instead of
revolutions per minute (rpm).

** we modified it.

9. Please revise the protocol text to avoid the use of any personal pronouns in
the protocol (e.g., "we", "you", "our" etc.).

** we formatted the manuscript.

10. Please ensure that all text in the protocol section is written in the imperative
tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure
that,” etc.). The actions should be described in the imperative tense in complete
sentences wherever possible. Avoid usage of phrases such as “could be,”
“should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “Note.” However, notes
should be concise and used sparingly. Please include all safety procedures and
use of hoods, etc.

** we formatted the manuscript.

11. The Protocol should contain only action items that direct the reader to do
something.

** we formatted the manuscript.

12. The Protocol should be made up almost entirely of discrete steps without
large paragraphs of text between sections. Please simplify the Protocol so that
individual steps contain only 2-3 actions per step.

** we formatted the manuscript.

13. Please add more details to your protocol steps. Please ensure you answer
the “how” question, i.e., how is the step performed? Please use complete
sentences throughout.

** we formatted the manuscript.

14. 1.2: How did you perform the neuron isolation?

** we added the reference.

15. 2.1: Please include age sex strain of the mice?

** we provided the information.

16. 2.2: Do you check the depth of anesthesia? Do you shave the animal and
apply eye ointment? Do you clean the surgical area? Please include all specific
details. How do you open the thoracic cavity- using what instrument, how big is
the cut? do you cut the skin and then the muscle?

** we formatted the manuscript.

17. 2: Please elaborate on all the steps in this section.



** we formatted the manuscript.

18. 3: Please explain how is this done?

** we formatted the manuscript.

19. 4.1: What are the target brain regions and how do you visually identify it?
** we formatted the manuscript.

20. 4.12: At what magnification?

** we added scale bar in the revised manuscript.

21. Please remove the embedded Table from the manuscript. All tables should
be uploaded separately to your Editorial Manager account in the form of an .xIs
or .xlIsx file. Each table must be accompanied by a title and a description after
the Representative Results of the manuscript text.

** we formatted the manuscript.

22. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for
filmable content. Please highlight 2.75 pages or less of the Protocol (including
headings and spacing) that identifies the essential steps of the protocol for the
video, i.e., the steps that should be visualized to tell the most cohesive story of
the Protocol.

** we formatted the manuscript.

23. Please include at least one paragraph of text to explain the Representative
Results in the context of the technique you have described, e.g., how do these
results show the technique, suggestions about how to analyze the outcome,
etc. The paragraph text should refer to all of the figures. Data from both
successful and sub-optimal experiments can be included.

** we explained the results in the revised manuscript.

24. Please obtain explicit copyright permission to reuse any figures from a
previous publication. Explicit permission can be expressed in the form of a letter
from the editor or a link to the editorial policy that allows re-prints. Please upload
this information as a .doc or .docx file to your Editorial Manager account. The
Figure must be cited appropriately in the Figure Legend, i.e. “This figure has
been modified from [citation].”

** All the results and figures were produced for this manuscript and not used
previously.

25. Each Figure Legend should include a title and a short description of the
data presented in the Figure and relevant symbols. Please describe each panel
as well.

** we formatted the manuscript.

26. As we are a methods journal, please revise the Discussion to explicitly cover
the following in detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

c) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique



** we formatted the manuscript.

27. Please include the table of the essential supplies, reagents, and equipment.
The table should include the name, company, and catalog number of all
relevant materials in separate columns in an xIs/xIsx file. Please sort the table
alphabetically.

** we formatted the manuscript.

28. Please ensure that the references appear as the following: [Lastname, F.I.,
LastName, F.l., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage
— LastPage, (YEAR).] For more than 6 authors, list only the first author then et
al.

** we formatted the references with endnote style of JOVE.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript describes two antibody-based techniques (immunostaining
and dot blot) used for detection of 5-hydroxymethylcytosine in the mouse brain.
The protocols and their visualisation should be of interest for researchers
working in the fields of epigenetics and neuroscience.

Major Concerns:

Text of the manuscript requires heavy editing. There are numerous issues with
grammar and synthaxis that make some parts of the paper difficult to
understand. Both Introduction and Discussion are very vague, superficial and
sometimes factually questionable. Large part of Discussion reiterates the
Introduction without bringing any new information. No information on suitable
experimental controls is given. In fact, the text of the manuscript needs to be
completely rewritten and edited by a (preferably) native English speaker.

** we have thoroughly edited the manuscript.

Reviewer #2:

Manuscript Summary:

This is a clear protocol describing two different ways to monitor 5-
hydroxymethylcytosine in neuronal stem cells and sections from mouse brains.
The first involves immunostaining and the second is a dot-blot.

Overall, the details of the protocols are sufficient and clear.

Major Concerns:

The manuscript requires extensive English editing.

** we appreciate the reviewer’s overall positive comments, and formatted the
manuscript.

Reviewer #3:
Manuscript Summary:
In this manuscript, Zhuang et al. described a protocol for detecting the 5-



hydroxymethylcytosine in mouse neural stem cells and brain by
immunofluorescence staining and DNA dot-blot methods. This protocol is
detailed and promising, and | support its publication in Journal of Visualized
Experiments.

Major Concerns:

n/a

Minor Concerns:

n/a

** we appreciate the reviewer’s overall positive comments.



