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32 SUMMARY:
33  We present an approach to purify ribosome-bound mRNA from vascular endothelial cells (ECs)
34  directly in mouse brain, lung and heart tissues via EC-specific genetic tag of enhanced green
35  fluorescence protein (EGFP)in ribosomes in combination with RNA purification.
36
37  ABSTRACT:
38  Many studies have been limited to using in vitro cellular assays and whole tissues or isolating of
39  specific cell types from animals for in vitro analysis of transcriptome and gene expression by
40 gPCR and RNA sequencing. Comprehensive transcriptome and gene expression analysis of
41  specific cell types in complex tissues and organs will be critical to understand cellular and
42  molecular mechanisms by which genes are regulated and their association with tissue
43  homeostasis and organ functions. In this article, we demonstrate the methodology for isolation
44  of ribosome-bound RNA directly in vivo in the vascular endothelia of animal lungs as an


mailto:pmoran@mcw.edu
mailto:yguo16@uab.edu
mailto:ryuan@uab.edu
mailto:barnekow137@gmail.com
mailto:jordan.palmer@marquette.edu
mailto:awbeck@uabmc.edu
mailto:bren98@uab.edu
https://www.editorialmanager.com/jove/download.aspx?id=1031477&guid=af49b5b7-af7f-4b35-9aba-a3c2a8227b83&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1031477&guid=af49b5b7-af7f-4b35-9aba-a3c2a8227b83&scheme=1

45
46
47
48
49
50
o1
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

example. The specific materials and procedures for tissue processing and RNA purification will
be described, including the assessment of RNA quality and yield as well as real time qPCR for
arteriogenic gene assays. This approach, known as translating ribosome affinity purification
(TRAP) technique, can be utilized for characterization of gene expression and transcriptome
analysis of certain cell types directly in vivo in any specific type in complex tissues.

INTRODUCTION:

In complex tissues such as the mammalian brain, heart and lung, the high levels of cellular
heterogeneity complicate the analysis of gene expression data derived from whole tissue
samples. To observe gene expression profiles in a particular cell type in vivo, a new
methodology has been developed recently, which allows the interrogation of the entire
translated mRNA complement of any genetically defined cell type. This methodology is known
as the translating ribosome affinity purification (TRAP) technique®?. It is a useful tool to study
endothelial cell biology and angiogenesis when combined with genetically manipulating other
angiogenesis-associated genes in animals.

We have shown that angiogenic PKD-1 signaling and the transcription of angiogenic gene CD36
are critical for endothelial cell (EC) differentiation and functional angiogenesis3®. To determine
molecular mechanisms of angiogenic and metabolic signaling in gene transcription and EC
transdifferentiation, we have created genetically engineered TRAP mice with specifically
deleted angiogenic genes on the basis of TRAP technique?. Furthermore, in our TRAP animals,
not only do they have pkd-1 or cd36 gene deficiency in the vascular endothelia or global
deletion of cd36 gene, but an enhanced green fluorescence protein (EGFP) is also genetically
tagged onto EC’s translating ribosomes. TRAP permits affinity purification of ribosome-bound
mRNA directly from the vascular endothelia of targeted tissues, enabling the analysis of gene
expression and identification of new transcriptomes that are associated with EC differentiation
and angiogenesis directly under in vivo conditions. We have successfully isolated ribosome-
bound RNA from the endothelia in these genetically engineered animals. The purified RNA can
be used for further characterization of angiogenic or arteriogenic genes in the regulation of EC
differentiation and functions. This protocol provides a step-by-step guide to implement the
TRAP approach for the isolation of mRNA in ECs directly in vivo.

PROTOCOL

For animal experiments, all methods described here have been approved by the Institutional
Animal Care and Use Committee of the Medical College of Wisconsin.

1. Prepare reagents
1.1.  Prepare lysis buffer to concentrations of 10 mM HEPES, pH 7.4, 150 mM KCl, 5 mM

MgCl, 0.5 mM DTT, 100 pg/mL cycloheximide, protease inhibitors, and recombinant RNase
inhibitors to concentrations as described below.



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

1.1.1. Add following reagents to 500 mL of RNase-free deionized water: 1.19 g of HEPES, 5.59
g of KCl, 0.24 g of MgCl;, 35 mg of DTT, 0.5 mL of cycloheximide, and NaOH as needed until pH
7.4, EDTA-free protease inhibitors (one mini tablet per 10 mL) and RNase inhibitor (10 puL/mL).
1.1.2. Storein a4 °C fridge for up to 1 month.

1.2.  Prepare a high-salt polysome wash buffer to concentrations of 10 mM HEPES, pH 7.4,
350 mM KCI, 5 mM MgCl,, 1% vol/vol CA-630, 0.5 mM DTT, and 100 pg/mL cycloheximide.

1.2.1. Add following reagents to 500 mL of RNase-free deionized water: 1.19 g of HEPES, 13.05
g of KCl, 0.24 g of MgCl,, 5 mL of nonionic, non-denaturing detergent, 5 of 7.7 mg tubes of DTT,
and 0.5 mL of cycloheximide, and NaOH as needed until pH 7.4.

1.2.2. Storein 4 °Cfridge for up to 1 month.

1.3.  Bind anti-GFP antibody to Protein G magnetic beads prior to starting experiment.

1.3.1. Add 10 ug of anti-GFP antibody diluted in 200 uL of PBS to Protein G beads.

1.3.2. Incubate with end over end rotation for 10 minutes at room temperature.

1.3.3. Place the beads on a magnetic rack and remove the supernatant.

1.3.4. Suspend the beads in 200 uL of PBS and store in 4 °C fridge for up to 1 week.

1.4.  Prepare ice-cold PBS with 100 ug/mL cycloheximide.

1.4.1. Add 1 volume of cycloheximide solution (100 mg/mL) to 99 volumes of ice-cold PBS.

2. Isolate and lyse desired tissues

2.1.  Euthanize mice by IP injection of ketamine (500 mg/kg/body weight) and xylazine (10
mg/kg/body weight) and isolate desired tissues (i.e., heart, lung). Immediately proceed to next
step.

2.2.  Place desired tissues into 500 pL of ice-cold PBS with 100 ug/mL cycloheximide.

2.3.  Mince tissue into a cell suspension with a motor-driven homogenizer or a small-

clearance glass homogenizer. If using a motor-driven homogenizer, limit homogenization to less
than 1 minute at low frequency (<15,000 Hz) to avoid RNA denaturation.
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2.4. Suspend cell pellet in 200 pL of lysis buffer by pipetting and redrawing up buffer several
times. Further homogenize cell suspension with 10 strokes in a small-clearance glass
homogenizer or for 15 seconds at low frequency (<15,000 Hz) in a motor driven homogenizer.

2.5. Centrifuge homogenates for 10 min at 2,000 x g at 4 °C to pellet nuclei and large cell
debris, and keep the supernatant.

2.6.  Add nonionic, non-denaturing detergent to 1% vol/vol and DHPC to 30 mM to the
supernatant. Incubate on ice for 5 min.

2.7.  Centrifuge lysate for 10 min at 16,000 x g to pellet insoluble material. Transfer and keep
15% of clear lysate as input for future steps.

3. Isolate ribosome/mRNA complexes

3.1.  Add 50 pL of antibody-bound beads to cell-lysate supernatant and incubate mixture at 4
°C with end-over-end rotation for 30 min. This is where the anti-GFP antibodies will bind the
GFP-tagged ribosomes, allowing us to further isolate the RNA from these ribosomes.

3.2.  Collect beads on a magnetic rack and wash 5 times with high-salt polysome wash buffer.

3.2.1. Draw up and discard liquid once beads have collected on the side of the tube. Then
pipette and redraw up 200 puL of high-salt polysome wash buffer several times. Repeat this step
5 times and discard all buffer following final repetition. Immediately proceed to next step.

4, Isolate mRNA

4.1.  Place beads in RLT buffer. The following steps are taken directly from the RNeasy mini
kit protocol and were not expanded on in any way.

CAUTION: RLT buffer contains guanidine salts; do NOT mix with bleach.

4.2. Centrifuge lysate for 3 min at full speed 13,000 rpm or 16,000 g at 4 °C. Carefully
remove supernatant of 350 uL by pipetting and transfer it to a new microfuge tube. Use only
this supernatant (lysate) in subsequent steps.

4.3. Add an equal volume of 70% ethanol into the microfuge tube.
4.4.  Transfer up to 700 plL of the sample, including any precipitate that may have formed, to

a spin column placed in a 2 mL collection tube. Close the lid gently and centrifuge for 15 s at
>8,000 x g to wash the spin column membrane. Discard the flow-through.
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4.5.  Add 350 puL of buffer RW1 to the spin column. Close the lid gently and centrifuge for 15 s
at 28,000 x g to wash the spin column membrane. Discard the flow-through and reuse the
collection tube in next step.

CAUTION: Buffer RW1 contains guanidine salts; do NOT mix with bleach.

4.6. Add 350 puL of buffer RW1 to the spin column. Close the lid gently and centrifuge for 15 s
at 28,000 x g. Discard the flow-through.

4.7.  Add 500 puL of buffer RPE to the spin column. Close the lid gently and centrifuge for 15 s
at 28,000 x g to wash the spin column membrane. Discard the flow-through.

4.8. Add 500 puL of buffer RPE to the spin column. Close the lid gently and centrifuge for 2
min at 28,000 x g to wash the spin column membrane. Then carefully remove the spin column
from the collection tube, ensuring that the column does not contact the flow-through.

4.9. Place the spin column in a new 2 mL collection tube and discard the old tube with the
flow-through. Close the lid gently and centrifuge at full speed for 1 min to remove residual
buffer.

4.10. Place the spin columnin a new 1.5 mL collection tube. Add 30-50 uL of RNase-free
water directly to the spin column membrane. Close the lid gently and centrifuge for 1 min at
>8,000 x g to elute the RNA.

4.11. If expected RNA yield is >30 ug, repeat step 4.10 with another 30-50 pL of RNase-free
water, or using elute from Step 4.10 (if high [RNA] is required). Reuse collection tube from Step
4.10.

4.12. Use purified RNA for downstream analysis including RNA-sequencing or real time
guantitative PCR or store RNA dissolved in RNase-free H,O at -80 °C for up to 1 year.

REPRESENTATIVE RESULTS:

Our previous studies®” suggest that CD36 may function as a switch for arteriolar differentiation
and capillary arterialization via the LPA/PKD-1 signaling pathway. To study whether the
LPA/PKD-1-CD36 signaling axis is essential for arteriogenesis in vivo, we have established the
novel TRAP lines that not only have global cd36 deficiency or endothelial-specific-cd36- or pkd-
1-deficiency but also permit selective isolation of ribosome-bound RNA from cre-marked cell
lineages by GFP, and are useful as a cre-activated fluorescent reporter 2.

By performing genotyping, we observed that cd36 gene was deleted globally or in the vascular
endothelia for endothelial-specific cd36 null mice (data not shown), and pkd-1 gene was also
deleted in the vascular endothelia. Figure 1 is a representative result showing the created
global cd36 TRAP or endothelial-specific pkd-1 TRAP mouse line. Using immunofluorescence
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microscopy, we demonstrated that an enhanced GFP is genetically tagged onto the ribosomes
of the endothelial cells in vivo (Figure 2). We then isolated ribosome bound mRNA directly in
vivo and successfully obtained quality RNA as shown by measurement of the ratio of 260 nm
and 230 nm (Figure 3). Further analysis using real-time gPCR demonstrated that the expression
of certain arteriogenic genes were upregulated in the lung endothelia of cd36 null mice (Figure
4), indicating that the isolated RNA directly in vivo in the vascular endothelia using the TRAP
technology are qualified for downstream studies. These studies include analysis of gene
expression at mRNA levels and identification of novel transcriptomes under physiological and
pathological conditions, which are essential for understanding the regulation of vascular
endothelial cell differentiation and functional angiogenesis.

Figure 1: An example of genotyping for genetically engineered TRAP mice. Representative
results for genotyping of global cd36 null TRAP mice or conditional tissue-specific pkd-1 null
TRAP mice. VEC-cre transgenic mice express Cre recombinase under the control of a Cdh5
promoter B6; 129-Tg (Cdh5-cre)1Spe/J mice were bread with B6.12954-Gt(ROSA)26Sor tm1(CAG-
EGFP/Rpl10a,-birA)Wtp /) gnd further with B6.129S1tMMfe_cq36 /) or pkd-1'"*/'*P The double mutant
cd36 TRAP (A) and pkd-1 TRAP (B) mice were obtained, in which an enhanced GFP is tagged
onto Lioa of the ribosome in vascular endothelial cells, and cd36 gene is deleted globally and
pkd-1 gene specifically in the vascular endothelia. Mouse tails were collected for DNA
extraction using a kit and based on the instruction from the manufacturer, and DNA in all
samples was amplified by polymerase chain reaction (PCR), and then evaluated by 1-2%
agarose-gel electrophoresis. Photographs are the agarose gel image showing the results of
amplification of cd36 or pkd-1 mutants with/without TRAP or wild type (WT) mice. Mouse
genotype panel A: lane 1, cd367;TRAP*; lane 2, TRAP*/*; lane 3, cd367;TRAP*/*;Cdh5*/"; lane 4,
TRAP**;Cdh5*/"; lane 5, cd367;TRAP*/*;Cdh5*/; lane 6, cd367-; TRAP*/;Cdh5*/; lane 7,
TRAP*/*;Cdh5*/; lane 8, TRAP*"; lane 9, DNA ladder. Mouse genotype panel B: lane 1, pkd-1f/;
TRAP*; Cdh5*/; lane 2, pkd-1%/f, TRAP*/*; Cdh5*/; lane 3, pkd-17/-; TRAP*/*; lane 4, pkd-1%/f;
TRAP**; Cdh5*; lane 5, pkd-1%/f; TRAP*/*; Cdh5*/; lane 6, pkd-1%/; lane 7, DNA ladder.

Figure 2: An example of endothelial-specific enhanced GFP expression under fluorescence
microscope. Blood vascular endothelia in the lung tissues of cd36 knockout TRAP mice were
EGFP positive (green color, upper panel) under immunofluorescence microscope. Missing the
primary GFP antibody was used as a negative control (bottom panel). Mouse tissues were co-
stained by using GFP and CD31 antibodies with appropriate secondary fluorescence antibodies
(red color). Representative images acquired by using a fluorescence microscopy imaging
system. Bar = 200 um.

Figure 3: The quality and quantity of ribosomal-bound mRNA of endothelial cells purified and
directly extracted from tissues of TRAP mice. An example for quality and concentration of
purified RNA from lung tissues in a cd36 knock out TRAP mouse. A spectrophotometer was used
for assessment of the amount and purity of extracted RNA. As shown in this figure, the
concentration of RNA is 51.2 ng/uL. The ratio of absorbance at 260 nm and 280 nm is 1.87
whereas the ratio of 260 nm and 230 nm is 2.40, indicating the purity of the extracted RNA
samples.
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Figure 4: An example of expression of angiogenic genes and Notch ligands in the ribosome-
bound RNA of endothelial cells by real time qPCR assays. The isolated mRNA from the
endothelial ribosome of the lung in the TRAP control and EC-specific cd36 deficient TRAP mice
was subjected to real-time qPCR assays, using primers purchased from a biotech company
including Hey2, ephrin B2, and delta like ligand 4 (DLL4). The house keeping genes PPIA was
used for normalization. The student t-test was used for statistical analysis. *P < 0.05; **P <0.01.

DISCUSSION:

Angiogenesis is a complex multistep process, in which EC-specific angiogenic gene transcription
and expression play an essential role in EC differentiation and angiogenic reprogramming*. To
overcome the barriers from the cellular diversity and architectural complexity for better
understanding the function of the mammalian vascular system at a molecular level in vivo, we
have created EC-specific TRAP mice, accompanied by EC-specific cd36, EC-specific pkd-1
deficiency or global cd36 deficiency by using a versatile floxed TRAP mouse model or EGFP-
TRAP generated in the Pu laboratory? in combination with other genetically engineered mouse
lines. This will allow the examination of the entire translated mRNA complement of vascular ECs
from intact tissues in vivo under EC-specific in pkd-1 or global deficiency in cd36 gene
expression®, which is critical for investigation into gene transcription associated with
physiological and pathological angiogenesis*”>0, Consistent to other studies?, our approach
to isolation of EC-specific mRNA does not need tissue fixation, dissociation of tissues, or
isolation of single-cells from tissues and thus avoids the potential artifacts that result from
these treatments. We were also able to perform TRAP purifications and extract quality
ribosome-bound mRNA from the frozen tissues. Additionally, what was purified is the
translated mRNA content of ECs directly in vivo, which will better represent the protein content
compared to using the total RNA for gene expression profile. Moreover, the TRAP transgene
genetically labels the ECs with EGFP, also allowing not only for extraction of ribosome-bound
mMRNA but also for visualization in immunohistochemical or electrophysiological studies.

However, the approach showed low RNA yields, especially with purified mRNA from heart
tissues or from previously frozen tissues. We thus need optimize the conditions to increase
yields. However, we observed in EC-specific cd36 deficient mice, the levels of ephrin B2 and
DLL4 were significantly increased in both lung (Figure 4) and heart (data not shown) endothelia
when compared with the control. These results were consistent with our previous in vitro
studies® 4, which suggests that the RNA quality is sufficient for downstream analysis. The yield
was low possibly due to the stringent conditions. To overcome this limitation and improve yield,
it is critical to set up an RNase-free work zone and decontaminate work surfaces and
equipment that may get contaminated with RNase and change gloves frequently in order to
extract quality RNA. It is also critical to find suitable concentrations of GFP antibodies in the
affinity matrix and use appropriate concentrations of RNase inhibitor in the tissue lysis buffer.
Use of RNase-free plastic ware and reagents is beneficial for RNA extraction from endothelial
ribosomes of the targeted tissues.
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Table of Materials

Name of Material/ Equipment
2100 Electrophoresis Bioanalyzer
with Nanochips and Picochips
Cell scrapers

Homogenizers
Magnet (Dynamag-2)

Minicentrifuge

NanoDrop 2000C
spectrophotometer

Refrigerated centrifuge
RNase-free 1.5mL microcentrifuge
tubes

Rnase-free 50-mL conical tubes
RNase-free 1000-ul filter tips
RNase-free 200-ul filter tips
RNase-free 20-ul filter tips
Rotor for homogenizers

Tube rotator, Labquake brand

Company Catalog Number
G2939AA, 5067-

Agilent 1511 & 5067-1513

Sarstedt 83.1832

Fisher

Scientific K8855100020

Invitrogen 123-21D

Fisher

Scientific 05-090-100

Thermo

Scientific ND-2000C

Eppendorf 5430R

Applied

Biosystem AM12450

Applied

Biosystem AM12501

Rainin RT-1000F

Rainin RT-200F

Rainin RT-20F

Yamato LT-400D

Thermo

Fisher 13-687-12Q
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Comments/Description

Will depend on purification scale; samples in 1.5-mL tubes can be conc

with rotor for 1.5-mL microcentrifuge tubes
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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; “JOoVE” 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.

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

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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.

11. 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
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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 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 is required per submission.

CORRESPONDING AUTHOR
Name:

Patrick Moran
Department: . .

Medicine
Institution: : i i
nstitution Medical College of Wisconsin
Title: Medical Student

Signature: ?//W%L

Date: 12/28/2018

Please submit a signed and 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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Editorial and production comments:

General:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

Answer: Done.

2. You have indicated ‘Open’ access in your Author License Agreement but ‘Standard’ in
Editorial Manager; please indicate which access you would like. If necessary, please print and
sign the attached Author License Agreement (ALA). Please then scan and upload the signed ALA
with the manuscript files to your Editorial Manager account.

Answer: We’d like to choose Standard access.

3. Please revise section 4 of the protocol to avoid overlap with previous publications.
Answer: These steps of the protocol were taken from the RNeasy mini kit. We did not expand on
these particular steps of the protocol in any way, but we can add a reference if needed.

4. Please include at least 6 key words or phrases.
Answer: Done.

5. Please reduce the length of the short abstract; it should be 10-50 words.
Answer: 48 words.

6. For in-text formatting, corresponding reference numbers should appear as numbered
superscripts (without parentheses) after the appropriate statement(s).
Answer: done.

7. JoVE cannot publish manuscripts containing commercial language. This includes trademark
symbols (™), registered symbols (®), and company names before an instrument or reagent.
Please limit the use of 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: Nanodrop, Dynal, Igepal, EVOS, Qiagen, RNase-Zap

Answer: Removed.

Introduction:

1. Do you have a reference for the creation of the TRAP mice? It’s unclear here.

Answer: We have cited relevant references, and now added a phrase “on the basis of TRAP
technique” in a key place with proper citations to make it clear.

Protocol:

1. Please add more details to your protocol steps. Please ensure you answer the “how”
guestion, i.e., how is the step performed? Alternatively, add references to published material
specifying how to perform the protocol action. If revisions cause a step to have more than 2-3
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actions and 4 sentences per step, please split into separate steps or substeps.

Specific Protocol steps:

1. 1.3: Please explain further how to do this step, or include a reference.

2. Please rewrite the ‘Materials and reagents preparation’ as numbered steps in the imperative,
as in the rest of the protocol.

3. 2.1: Please provide the euthanization method. Please explain further how to isolate the
desired tissues or provide a reference.

4. 2.2: What volume of PBS?

5. 2.3: Please provide more details about homogenization.

6. 2.4: What volume of lysis buffer? How do you suspend pellet, exactly?

7. 3.1: What volume of beads?

8. 3.2: Please provide more details on washing and collection.

Answers: Done

Results:

1. Please provide a reference for genotyping, immunofluorescence, and gPCR.

Answer: These are all original data, which are not published in any journal. The references are
thus not needed. The original figures do not need copyright permission.

Figures:

1. If needed, 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].”

2. Please upload each Figure individually to your Editorial Manager account as a .png or a .tiff
file (4 files total). Please remove ‘Figure 1’, etc. from the figures themselves.

3. Figure 1: Please label all lanes.

4. Figure 2: Please explain the colors in the left panel.

5. Figure 4: Please explain the error bars in the legend. Please also explain the stars (including
the statistical test used).

Answer: Thanks for your suggestion. | have revised them based on your comments.

Discussion:

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

a) Any modifications and troubleshooting of the technique

b) Any limitations of the technique

c¢) The significance with respect to existing methods

Answer: | wrote the discussion in reference to Nature Methods and Nature Biotechnology. | edit
it a bit to emphasize the key points and make it clearer.
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References:
1. Please do not abbreviate journal titles.
Answer: Have you changed your style? Edited.

Table of Materials:
1. Please ensure the Table of Materials has information on all materials and equipment used,
especially those mentioned in the Protocol.

Video content:

1. Please ensure the protocol in the video matches with the one in the manuscript; e.g.:

a. 3.1: There is commentary after this step in the video that is not in the manuscript.

b. 4.5: This step is not mentioned in the video.

c. 4.8: This is done for 2 min in the video, and 15 s in the manuscript.

2. Only one of the figures is shown in the video; ideally, all would be mentioned.

Answer: Discrepancies between manuscript and video have been addressed. No great place to
include other figures in video, unfortunately. However, other figures are used only to support
the that the sources of RNA and quality of RNA. The key of this approach is how to obtain
quality ribosome-bound mRNA directly in vivo. The method itself is pretty straight forward and
we emphasize several caveats. These are important, especially to those who do not often work
with RNA extraction.

Video production:

1. Future submissions should include the article ID number (59624) in the video file name.

2. 1:59, 2:21 - The edits here are jump cuts, which tend to have a jarring effect on the viewer.
They should be smoothed out with crossfades instead.

3.2:21-2:32 - The audio and video don't appear to be synchronized in this clip. This should be
corrected.

4. 4:44, 5:06, 7:15- The brand names Igepal, RNeasy, and Nanodrop, respectively, are
mentioned specifically in the narration. These references should be removed.

5. There is no concluding statement after the results section.

Answer: Done. Concluding statement added.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript provides a protocol for isolation of ribosome-bound mRNAs from vascular
endothelial cells using engineered mouse. The paper provides a step-by-step procedure from
freezing ribosomes on mRNAs in isolated tissues, enriching ribosomes through
immunoprecipitation, and purifying the mRNAs bound on ribosomes. The manuscript is written
clearly and procedures are easy to follow. My specific comments are:
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Major Concerns:

1. In order to utilize this protocol, one will need engineered mice with eGFP-tagged ribosomes. |
believe the protocol will be much more useful if the authors provide information on generating
such mice.

Answer: This is a good suggestion. However, the flox/flox mice with e-GFP-tagged ribosomes
have been established by Dr. Pu lab and donated to Jackson lab. It is also a routine work to
produce double mutant because Jackson lab can provide different kinds of transgenic and cre
mice. Only challenge for creating this kind of mice is time-consuming and money. The paper
from Dr. Pu lab has been published and cited in our protocol. However, we found during our
pilot studies, isolation of quality ribosome-bound RNA is not so easy though the method seems
simple and straight forward. It took us a long time to optimize the conditions though the yield is
low. We think that it is useful experience for other researchers and thus contribute this video

paper.

Minor Concerns:

1. Line 98: There is a typo (RNAase should be RNase). Also need a dash (-) between RNase and
free.

Answer: Corrected.

2. Line 127, cycloheximide should be delivered asap to freeze ribosomes. However, the protocol
just submerges the tissue in PBS with cycloheximide. Is there a size limit for efficient
cycloheximide treatment?

Answer: We found that larger tissue samples (i.e >100mg) decreased the efficiency of RNA
isolation, which may have been due to inadequate Cycloheximide treatment. Shearing of tissue
samples upon placement in Cycloheximide containing PBS seemed to eliminate this problem.

3. Line 280: Need a dash between RNase and free
Answer: Corrected.

4. To show the quality of isolated RNAs, authors should run their samples on 1% agarose gel.

Answer: Good suggestion. Our Nonodrop assay and functional assays showed the quality of
extracted RNA is high and and we thus did not run gel analysis.

5. In Figure 4, what is control?

Answer: Thanks for the question. We used the ribosome-bound RNA from TRAP mice without
cd36 deficiency as the control

Reviewer #2:

Manuscript Summary:

Translating ribosome affinity purification (TRAP) is a widely applied tool for purifying actively
translated mRNAs in specific tissue. Investigation of cell type specificity is now regarded as a
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key part to understand cellular specificity as well as cellular vulnerability in many translational
researches. Overall, well described manuscript with fully detailed methods and materials were
provided by authors. | have no major comments for this manuscript, and have a couple of
guestions for authors about terms and applied concentration of protease inhibitor.

Major Concerns:
N/A

Minor Concerns:

1. What is right term for purified mRNAs? Transcriptome or Translatome?

Answer: Sorry for the misunderstanding. Actually, what we meant is that we purified mRNA
from endothelial ribosome in the tissues. We have edited the sentences and made this clearer.

2. | have one question for authors. Have authors ever checked purified mRNA quality (or
efficiency) between concentration of protease inhibitor and different tissues? If yes, it would be
greatly interest for all field scientists.

Answer: Good suggestion. We did not do this and we may do it in our future studies.

Reviewer #3:
Manuscript Summary:
Well written article with good representative examples

Minor Concerns:

Lack of a global control. Like Actin or Gapdh to see if these are still captured and remain
unaffected.

Answer: In our pilot experiments, we actually used wild type mice to test the isolation of tissue
RNA with the initial protocol, and found that we could extract little amount of RNA, and we later
optimize the conditions and used very stringent conditions to isolate them in TRAP mice. Though
the yield was low we get quality RNA, which may represent ribosome-bound RNA in the
endothelia in vivo.



