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May 21st, 2018 
 
Vineeta Bajaj, Ph.D. 
Review Editor 
JoVE 
 
 
Dear Dr Bajaj, 
 
We are resubmitting our manuscript entitled "Subcellular fractionation from fresh 
and frozen gastrointestinal specimens" for publication in JoVE. In this manuscript, 
we describe a protocol for a simple cellular fractionation method for the subcellular 
separation of cytoplasmic and nuclear proteins in human fresh and frozen intestinal 
biopsies. We have attached the modified video and manuscript together with a 
document addressing editorial comments. I hope you will find everything in order, 
but please let me know if you need anything else. 
 
I look forward to hearing from you. 
 
Sincerely, 
 
 
Ainara Castellanos-Rubio 
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SUMMARY:  27 
Here, we present a protocol to perform a simple cellular fractionation for the subcellular 28 
separation of cytoplasmic and nuclear proteins in human fresh and frozen intestinal biopsies. 29 
 30 
ABSTRACT:  31 
The purpose of this protocol is to fractionate human intestinal tissue obtained by endoscopy into 32 
nuclear and cytoplasmic compartments for the localization analysis of specific proteins or protein 33 
complexes in different tissue states (i.e., healthy vs. disease). This method is useful for the 34 
fractionation of both fresh and frozen intestinal tissue samples; it is easily accessible for all 35 
laboratories and not time consuming.  36 
 37 
INTRODUCTION:  38 
Proteins participate in almost all biological functions within a cell and any variation in their 39 
structure, quantity or location can lead to a pathogenic scenario. Tissue sample fractionation 40 
methods are a useful approach to reduce the complexity of disease related protein analyses. 41 
Some studies use protein localization information or enrich a protein from a specific cellular 42 
compartment, so a protocol for reproducible fractionation of intact proteins is useful to answer 43 
certain biological questions. Determining the subcellular localization of proteins and monitoring 44 
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their compartmental redistribution or interactions at basal and disease conditions will help 45 
identify disease related functional differences1,2. Thus, this method aims to reproducibly 46 
fractionate intestinal tissue biopsies, both fresh and frozen, into cytoplasmic and nuclear 47 
subcellular compartments. 48 
 49 
Intestinal biopsy samples are routinely obtained during endoscopy procedures3 (Figure 1) and 50 
can be effectively used for protein quantification or immunoprecipitation studies. Since tissue 51 
samples from intestinal epithelial will contain proteins that may be directly involved in the 52 
disease pathogenesis4, intestinal biopsy samples are a very valuable source for the successful 53 
identification of intestinal disease-specific proteins. Stored frozen, patient tissue samples 54 
together with the clinical information are useful resources for protein analysis, and a simple and 55 
reproducible sample preparation is a key issue to provide cell compartmental information using 56 
limiting amounts of frozen tissue5. 57 
 58 
There are several commercially available kits for the separation of cellular fractions, but these 59 
are more expensive and generally more time consuming than the protocol presented here. 60 
Protocols based on multiple-step gradient centrifugation and continuous gradients have also 61 
been previously used for the fractionation of diverse cellular compartments in different tissues6,7. 62 
However, maintaining the consistency of continuous gradients is often a difficult task. Similar 63 
protocols based on the sequential lysis of membranes have been previously described but they 64 
generally need more than two buffers and the hands on time is longer8 .  65 
 66 
When fractionating tissue samples, bear in mind that tissue samples present cell-cell and cell-67 
matrix interactions that are both not present in cultured cells and important when proceeding to 68 
protein extraction. The proper breakdown between cells and extracellular matrix without 69 
affecting the protein quality will be a critical factor in the intestinal tissue protein isolation9. In 70 
this protocol, cell-cell and cell-matrix contacts are first broken, releasing the cells and allowing 71 
the buffer to reach the individual cells. To avoid protein-compartment mixing prior to 72 
fractionation, the breakdown of the contacts must occur without altering the integrity of the cells 73 
or the nuclear membranes. 74 
 75 
Due to the enrichment of various proteases in the intestinal mucosa10, it is important to control 76 
the protein degradation during extraction. To minimize the potential protein degradation, 77 
multiple protease inhibitor must be included in the protein extraction buffers. Additionally, if 78 
extracts are going to be used for functional assays, it is essential to avoid the denaturation of 79 
proteins or proteolysis as this will cause a loss of protein activity11. For this purpose, the protocol 80 
is performed at 4 °C and fresh phenylmethylsulfonyl fluoride (PMSF) is added to the buffers at a 81 
final concentration of 0.1 mM just prior to use to further inhibit proteolysis. 82 
 83 
The first step in cell fractionation is tissue disruption and cell lysis. As mentioned previously, the 84 
objective is to disaggregate the cells and break them open with minimum damage. Intestinal 85 
tissue samples must be homogenized, and the cells lysed to achieve maximum breakage of the 86 
cell membrane. In this protocol, we use a motorized pestle mixer to break the intestinal tissue 87 
which is homogenized within seconds by means of high speed vortexing action. After 88 
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homogenization, tissue cells are incubated in a hypotonic buffer that will burst the cell membrane 89 
but will keep the nuclei intact, followed by addition of a non-denaturing detergent (nonyl 90 
phenoxypolyethoxylethanol) and a short vortex to separate nuclei from the cytoplasmic fraction. 91 
After the removal of the cytoplasm, the cell nuclei membrane is burst into a hypertonic buffer 92 
with shaking.  93 
 94 
The method presented here is an appropriate method for the subcellular fractionation of fresh 95 
and frozen intestinal biopsies that have been obtained during endoscopic procedures and range 96 
between 2 and 10 mg in weight. The protocol is easy and reproducible and could be performed 97 
using basic laboratory equipment and reagents in under an hour.  98 
 99 
PROTOCOL:  100 
 101 
This study was approved by the Cruces University Hospital Ethics Board and analyses were 102 
performed after informed consent was obtained from all subjects or their parents. 103 
 104 
1. Biopsy Collection 105 
 106 
Note: Biopsy specimens from the distal duodenum of patients are obtained during routine 107 
diagnosis endoscopy managing biopsies that range between 2 and 10 mg in weight. Biopsied 108 
tissue is a complex tissue composed of different cell types including epithelial, immune and 109 
endothelial cells. Clinical gastroenterologists perform the endoscopy following established 110 
clinical guidelines. 111 
 112 
1.1. Place the biopsy on a sterile filter paper just after endoscopy.  113 
 114 
1.2. Use forceps to transfer the biopsies in 1.5 mL tubes, soak them with PBS, and place it into a 115 
cryotube.  116 
 117 
1.3. Keep tubes on ice until they arrive at the laboratory.  118 
 119 
1.3.1. Start processing of fresh biopsies immediately.  120 
 121 
1.4. For frozen biopsies, flash freeze the biopsy containing tubes and store in liquid nitrogen until 122 
use. 123 
 124 
Note: It is important to keep the sample frozen until the cold supplemented buffer 1 is added.  125 
 126 
2. Buffer Preparation 127 
 128 
Note: Before starting, supplement the buffers as follows. 129 
 130 
2.1. Add 1 mM DTT (final concentration) and protease and phosphatase inhibitor cocktail (1x final 131 
concentration) to the hypotonic buffer 1 and hypertonic buffer 2 (Table 1). 132 
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 133 
2.1.1. Prepare 1.5 mL of buffer 1 and 150 µL of buffer 2 per sample. DTT will prevent the oxidation 134 
of the samples. 135 
 136 
2.2. Prepare nuclei wash buffer by adding 1% detergent (nonyl phenoxypolyethoxylethanol) to a 137 
final concentration of 0.1% to the already supplemented buffer 1. Prepare 1 mL of nuclei wash 138 
buffer per sample.  139 
 140 
3. Biopsy Homogenization 141 
 142 
3.1. Fresh Biopsies 143 
 144 
3.1.1. Place the disposable pestle in the motorized mixer. Ensure that the pestle reaches the 145 
bottom of the tube. 146 
 147 
3.1.2. Take the biopsy out from the cryotube and place it in a 1.5 mL tube with a pipette tip.  148 
 149 
3.1.3. Add 200 µL of supplemented buffer 1 to the 1.5 mL tube.  150 
 151 
3.1.4. Homogenize the biopsy with the pestle until the tissue is completely disrupted and keep 152 
it on ice. 153 
 154 
3.1.5. Once all the biopsies are homogenized proceed with step 4. 155 
 156 
Note: Disposable pestles must be changed between biopsies. 157 
 158 
3.2. Frozen Biopsies 159 
 160 
CAUTION: Handle liquid nitrogen carefully; contact of liquid nitrogen with the skin or eyes may 161 
cause serious freezing injury. Protect hands and eyes always when working with liquid nitrogen. 162 
 163 
3.1.1. Take some liquid nitrogen in a box to store the cryotubes retrieved from the nitrogen tank. 164 
 165 
3.1.2. Find the biopsy in the nitrogen tank and place the cryotube in the box with the liquid 166 
nitrogen. Repeat this step for all the biopsies. 167 
 168 
3.1.3. Transfer the biopsy from the cryotube to a 1.5 mL tube.  169 
 170 
Note: Biopsies will be attached to the frozen tube. Push the biopsy with a sterile pipette tip so it 171 
will detach from the tube. 172 
 173 
3.1.4. Add 200 µL of supplemented buffer 1. 174 
 175 
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3.1.5. Homogenize the tissue using the pestle and mortar until the tissue is completely disrupted, 176 
maintaining the temperature at 4 °C throughout all the procedure.  177 
 178 
Note: Do not let biopsies thaw before adding the buffer. 179 
 180 
4. Cytoplasm Isolation 181 
  182 
4.1. Incubate the homogenized biopsy on ice for 10 min. 183 
 184 
4.2. Add 10 µL of 1% detergent (nonyl phenoxypolyethoxylethanol) to each sample to a final 185 
concentration of 0.05%. 186 
 187 
Note: Cells will swell and burst by osmotic lysis as the mild detergent will disrupt the cell 188 
membrane. 189 
 190 
4.3. Incubate on ice for 5 minutes.  191 
 192 
4.4. Vortex briefly and centrifuge at 400 x g at 4 ˚C for 2 min. 193 
 194 
4.5. After vortexing, remove the supernatant and transfer it to a new clean 1.5 mL tube ; this will 195 
be the cytoplasmic fraction. Do not discard the pellet.  196 
 197 
5. Nuclear Isolation 198 
 199 
5.1. Resuspend the pellet from the previous step with 200 µL of nuclei wash buffer. 200 
 201 
5.2. Centrifuge the tube for 2 min at 400 x g and 4 °C. 202 
 203 
5.3. Discard the supernatant and repeat the washing procedure two more times. 204 
 205 
Note: The washes will remove cytoplasmic contamination in the nuclear fraction. 206 
 207 
5.4. After the third wash, resuspend the pellet in 100 µL of buffer 2. 208 
 209 
5.5. Shake the sample vigorously at 4 ˚C for 30 min. Alternatively, incubate the sample on ice and 210 
vortex every 5 min. 211 
 212 
5.6. After shaking, centrifuge the sample for 10 min at top speed (> 12,000 x g) and 4 °C. 213 
 214 
5.7. After vortexing, transfer the supernatant into a new clean 1.5. mL tube. This will be the 215 
nuclear fraction. 216 
 217 
6. Protein Quantification 218 
 219 
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Note: Quantify the proteins with a bicinchoninic acid (BCA) protein assay kit. The concentration 220 
of proteins in the fractions will range between 0.5 and 5 µg/µL, being lower in the nuclear fraction 221 
(see Table 2 for protein concentrations resultant from 2 mg biopsies).  222 
 223 
6.1. Prepare a standard curve with the following bovine serum albumin (BSA) amounts (µg)12: 0-224 
0.5-1-2-3-4-5-6. 225 
 226 
6.2. Prepare the reagents needed to use 100 µL of final BCA mix per sample. 227 
 228 
6.3. Pipette 2 µL of each protein fraction in a 96 well plate, add the BCA mix and follow the 229 
manufacturer’s instructions for the reading. 230 
 231 
REPRESENTATIVE RESULTS:  232 
Figure 1 shows a hematoxylin eosin staining of an intestinal biopsy section with intact villi and 233 
crypt structures.  234 
 235 
Representative results of nuclear and cytoplasmic fractionation using this protocol are shown in 236 
Figures 2 and 3. In the experiment shown in Figure 2, a fresh (Fh) and a frozen (Fz) biopsy were 237 
simultaneously fractionated following the protocol presented here and a western blot was 238 

performed using 20 g of each sample. Protein concentrations in each fraction and biopsy are 239 
shown in Table 2, and the protein concentrations are not very different between the fresh and 240 
the frozen tissue. The yield of protein extracted from the 2 mg biopsies is around 3-4 µg/µL in 241 
the cytoplasmic fraction and approximately 1.5 µg/µL in the nuclear fraction.  To check the purity 242 
of the fractions, HSP90 and tubulin were used as a cytoplasmic controls and HDAC1 and H3 as a 243 
nuclear controls13. It can be observed that HSP90 and tubulin are primary located in the 244 
cytoplasm and HDAC1 and H3 are located in the nucleus with very minimal mixing between the 245 
two fractions. To assess whether the protocol affects cell death, we also blotted for the presence 246 
of caspase 3. From Figure 2, both samples present a very minimal staining for caspase 3 247 
confirming that the procedure does not affect the cell death pathway even after flash freezing 248 
the biopsies. It was also analyzed if protein modifications are maintained after the procedure, so 249 
proteins can be used for downstream functional assays. PhosphoSTAT1 was used for staining as 250 
the frozen biopsy used in this fractionation came from an individual with an intestinal 251 
inflammatory condition; this is not true of the fresh biopsy. As expected, phosphoSTAT1 is 252 
located in the cytoplasm of the frozen biopsy, confirming that the protein modifications are 253 
maintained after fractionation.  254 
 255 
The reproducibility of the method using frozen biopsies is shown in Figure 3. A western blot was 256 
performed after fractionation of three independent frozen biopsies, and the fractions are clean 257 
with minimal compartment protein mixing (Figure 3A): HSP90 located in the cytoplasmic fraction 258 
and HDCA1 in the nuclear fraction. Additionally, the XPO1 protein that is present in both nuclear 259 
and cytoplasmic fractions14 was also blotted. It can be observed that the levels of XPO1 quantified 260 
by ImageJ are stable in each fraction (Figure 3B), confirming reproducibility of the results using 261 
different biopsies. 262 
 263 
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FIGURE AND TABLE LEGENDS:  264 
 265 
Figure 1: Light micrograph of an intestinal epithelial section, stained with hematoxylin eosin, 266 
from a biopsy acquired by endoscopic procedure.  267 
 268 
Figure 2: Representative western blot of a subcellular fractionation performed in a fresh (Fh) 269 
and a frozen (Fz) biopsy. HSP90 was used as a cytoplasmic control and HDAC1 as a nuclear 270 
control. The localization of XPO1 was also assessed.  271 
 272 
Figure 3: Representative western blot of a subcellular fractionation performed in three frozen 273 
biopsies. HSP90 was used as a cytoplasmic control and HDAC1 as a nuclear control. The 274 
localization of XPO1 was also assessed.  275 
 276 
Table 1: Buffer composition.  277 
 278 
Table 2: Protein concentration of each of the fractions in a fresh and frozen 2 mg biopsy used 279 

in Figure 2; concentration is presented in g/L. 280 
 281 
DISCUSSION:  282 
The protocol described here is used for the nuclear and cytoplasmic fractionation of intestinal 283 
biopsies. The purified proteins are not denatured and can be used not only in western blot 284 
analysis as shown in Figures 2 and 3 but also in assays requiring native-folded proteins such as 285 
immunoprecipitation, electrophoretic mobility shift assay (EMSA) or native polyacrylamide gel 286 
electrophoresis (PAGE). 287 
 288 
The described method relies on mechanical homogenization of the tissue together with osmotic 289 
lysis to burst the cell membrane without affecting the nuclear membrane. The result is a clean 290 
fractionation of both the cytoplasmic and nuclear proteins to be used for downstream analyses. 291 
It is important to control the degradation of the proteins during the process by the addition of 292 
protein and phosphatase inhibitors. Moreover, if extracted proteins are to be used for 293 
downstream functional assays, it is also important to avoid denaturation and proteolysis of the 294 
samples. The processes should be performed at 4 °C and PMSF should be also added to the 295 
buffers. 296 
  297 
The procedure described in this protocol is simple and affordable, and the sample processing 298 
time is minimal. Problems such as long processing times and the use of costly fractionation kits 299 
are not constraints in this protocol. 300 
 301 
Fresh and frozen biopsies can both be used in this protocol, with frozen biopsies giving quite 302 
clean and reproducible fractionation results as seen in Figures 2 and 3. If there is compartment 303 
contamination, the cell lysis time can be reduced to avoid the release of nuclear to the cytoplasm 304 
and washing steps can be added to avoid cytoplasmic contamination in the nuclear 305 
compartment.  306 
 307 



   

Page 7 of 6   
 

The possibility of using frozen tissues for the independent analysis for nuclear and cytoplasmic 308 
protein fractions can increase our knowledge about intestinal inflammatory diseases in which 309 
frozen biopsies are stored. Moreover, this technique could be adapted to other kinds of human 310 
tissues acquired by biopsies. The volume of buffers used must be modified depending on the size 311 
of the biopsy. 312 
 313 
The protocol described here is designed to generate reproducible tissue fractions; however, 314 
some intrinsic variability within the sample, including the size and the status of the tissue can 315 
lead to deviations in the protein amount and distribution managed in each fraction. 316 
 317 
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Buffer Components Notes

Hypotonic buffer 1 10 mM HEPES pH 7.9 1.5 ml buffer/sample

10 mM KCl

0.1  nmM EDTA

Hypertonic buffer 2 20 mM HEPES pH 7.9 150 µl buffer/sample

400 mM NaCl

0.1  mM EDTA

*Note: Buffers can be stored at 4ºC for a month. 

Buffer composition

**Note: Buffers have to be supplemented with proteinase and phosphatase 

inhibitors and DTT before use
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Fresh Frozen

Cytoplasm 2,975,387 4,612,796

Nucleus 1,516,216 1,385,509
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Name of Material/ Equipment Company Catalog Number Comments/Description

HEPES Sigma Aldrich H4034-1kg

KCl Sigma Aldrich P9333-1kg

EDTA Sigma Aldrich E9884-100G

NaCl Sigma Aldrich 5588886-1kg

DTT Sigma Aldrich 10197777001

PMSF Thermo Scientific 36978

Proteinase and phosphatase inhibitors Thermo Scientific A32959

NP-40 Sigma Aldrich CA-630 Detergent

BCA assay Thermo Scientific 23227 Protein quantification kit

Disposable plastic pestles Sigma Aldrich Z359947-100EA

Dounce homogeneizer VWR 431-0100

Microcentrifuge Eppendorf 5415-R

Shacker IKA MS3 basic
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http://www.editorialmanager.com/jove/download.aspx?id=835258&guid=63801d92-3a29-4248-8c46-9e658d13a188&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=835258&guid=63801d92-3a29-4248-8c46-9e658d13a188&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

- --- ------.,
Subcellular fractionation from fresh and frozen gastrointestinal specimens

I. Romero-Garmendia, A. Jauregi-Miguel, I. Santin, JR. Bilbao-,-~ Castellanos-Rubio

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: rJ.., Standard Access L Open Access

r":
~i The Author is NOT a United States government employee.
n .

_.1 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.

C 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

Author(s):

Item 2 (check one box):

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 MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
"Materials" means the Article and / or the Video; "Parties"
means the Author and JoVE; "Video" means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author mayor 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 CRCLicense.

1
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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 CRe 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 USe. 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

2
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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.

Name:

CORRESPONDING AUTHOR:~---------.--..-.-------------------------------------.----------------,
, Ainara Castellanos-Rubio

Department: _.__ Genetics, Physical AnthroEology and Animal Physiology

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 f Attn: JoVE Editorialf1 Alewife Center #200 f Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945,9051

Institution:

Article Title:

Signature:

612542.6

~ Date: 12/13/2017
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Answer to Editorial comments: 
 
1. The editor has formatted the manuscript as per the journal's style. Please retain the 
same. 
We have kept the manuscript in the style formatted by the editor. 
 
2. Please address specific comments marked in the manuscript. 
Specific comments marked in the manuscript have been addressed following editor’s notes. 
 
3. Please refer the supplemental table in the manuscript protocol and include the 
supplemental table legend in the figure/table legend section. 
Table 1 has been referred to in the protocol and has been added as a supplementary table. 
 
Video 
1. 6:47: There is a background noise of somebody talking. Please edit. 
We were unable to edit the background noise in 6:47, it is in the same soundtrack and can 
not be removed. 
 
2. Representative result: Please include a result showing how much protein was obtained 
from fresh and frozen samples with this protocol from 2 and 10 mg of the biopsies used for 
the study. 
The table with the protein concentration results has been added to Representative Results. 
In this case the biopsies used in our laboratory are normally in the 2 mg range because they 
came from pediatric patients, so we do not have results for bigger pieces right now. 
 
3. 9:15: please edit the cut noise just before the start of the interview. 
Cut noise in 9:15 has been deleted. 

Rebuttal Letter Click here to download Rebuttal Letter Answer to Editorial
comments.docx
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