Journal of Visualized Experiments
Cell based assays of SINEUP non-coding RNAs that can specifically enhance mRNA

Article Type:
Manuscript Number:

Full Title:

Keywords:

Corresponding Author:

Corresponding Author's Institution:
Corresponding Author E-Mail:
Order of Authors:

Additional Information:

Question

Please indicate whether this article will be
Standard Access or Open Access.

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

translation.
--Manuscript Draft--
Methods Article - JoVE Produced Video
JOVE58627R1

Cell based assays of SINEUP non-coding RNAs that can specifically enhance mRNA
translation.

SINEUPs; antisense RNA; long noncoding RNAs (IncRNAs); Translation regulation;
high-throughput screening; RNA therapy; antibody production

Piero Carninci

JAPAN

carninci@riken.jp
Hazuki Takahashi
Harshita Sharma

Piero Carninci

Response

Open Access (US$4,200)

1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama, 230-0045 Japan

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Cover Letter

To:
Dr. Alisha DSouza
Senior Review Editor of JoVE
Yokohama, August 4, 2018

We hereby submit the revised manuscript entitled “Cell based assays of SINEUP non-coding RNAs that can
specifically enhance mRNA translation” by Hazuki Takahashi, Harshita Sharma and Piero Carninci to be
considered for publication as original methods article of JoVE produced Video.

In summary, we have identified a novel class of antisense RNAs, which have the function of positively regulate
protein translation (Carrieri et al, Nature, 2012, doi: 10.1038/nature11508), likely be enhancing the interaction
of the sense RNA with the translational machinery mediated by a SINEB2 element embedded in the transcript.
We named these antisense RNAs “SINEUPs”, since they use a SINE element to UP-regulate translation.
Following the initial discovery, in this manuscript we show the cell based assay methods of the SINEUPs
translation-enhancing protein activity by high throughput micro well image cytometer, to produce synthetic
SINEUPs against a broad range of targets. Synthetic SINEUPs are being used in many studies to specifically
increase protein translations, as a counterpart of SiRNAs. Here, we explore the design of the antisense regions
(called “binding domain”) to produce a first milestone work towards optimization of the design of these RNAs,
which is needed to broadly expand applications for many users to enhance protein translation.

The revised version of the manuscript address all of the comments raised by the editor and reviewers, as
outlined in the rebuttal letter.

In addition to this, we would like to disclose all the potential conflict of interest around this study. In particular,
Piero Carninci (PC) is inventors in a patent (US9353370B2 and patents applications related to this patent, as
EU and Japanese patents) owned by our main employers, our academic research institutions (RIKEN). PC
funded TransSINE Technologies, Inc., a company located in Japan with the mission to develop and
commercialize products based on of the US9353370B2 and related patents. This includes the
commercialization of SINEUPs in plasmid expression vectors, including basic vectors and custom made

constructs (see details from the UK representative web site: http://www.cellgs.com/services/sineup.html). We

believe that association with this company to provide reagents worldwide will help to further enable colleagues
to use the technology.

TransSINE Technologies has not provided actual funding to this research, nor direct salaries or any direct
benefits to any of the members participating in this study. TransSINE Technologies has only provided
information that was necessary to the design and the execution of the project. PC, who is also affiliated to
TransSINE Technologies, has a key role in the design of the study. TransSINE Technologies has not influenced
any conclusions of the study. Affiliation of PC to TransSINE Technologies does not alter our adherence to
JOVE policies on sharing data and materials.

We believe that the revised manuscript satisfies all the requirements for the publication in JOVE. We are

looking forward to hearing from you.

Sincerely,

Dr. Piero Carninci


http://www.cellgs.com/services/sineup.html

Manuscript Click here to access/download;Manuscript;58627_R1_RE.docx 2

1  TITLE:
2 Cell Based Assays of SINEUP Non-coding RNAs that can Specifically Enhance mRNA Translation
3
4  AUTHORS AND AFFILIATIONS:
5  Hazuki Takahashi*'?, Harshita Sharma*'?, Piero Carninci%?3
6 !Division of Genomic Technologies, Center for Life Science Technologies, RIKEN, Yokohama,
7  Japan
8  2Current affiliation: Division of Genomic Medicine, Center for Integrative Medical Sciences,
9 RIKEN, Yokohama, Japan
10  3TransSINE Technologies Co. Ltd., Yokohama, Japan
11
12 *These authors contributed equally.
13
14  Corresponding Author:
15 Piero Carninci
16  carninci@riken.jp
17
18  Email Addresses of Co-authors:
19  Hazuki Takahashi (hazuki.takahashi@riken.jp)
20  Harshita Sharma (harshita.sharma@riken.jp)
21
22  KEYWORDS:
23 SINEUPs, antisense RNA, long noncoding RNAs (IncRNAs), translation regulation, high-throughput
24 screening, RNA therapy, antibody production
25
26 SUMMARY:
27  SINEUPs are synthetic antisense non-coding RNAs, which contain a binding domain (BD) and an
28  effector domain (ED) and up-regulate translation of target mRNA. Here, we describe detection
29  methods for SINEUPs in cultured cell lines, analysis of their translation-promoting activity by
30 Western-blot and a semi-automated high throughput imaging system.
31
32  ABSTRACT:
33  Targeted-protein enhancement is of importance not only for the study of biological processes
34  but also for therapeutic and biotechnological applications. Here, we present a method to
35 selectively up-regulate protein expression of desired genes in cultured cells by means of synthetic
36 antisense non-coding RNAs known as SINEUPs. This positive control of gene expression is at the
37  post-transcriptional level and exerted by an inverted short interspersed nuclear element (SINE)
38 repeat at the 3’ end of SINEUPs that comprises its effector domain (ED). SINEUPs can specifically
39  bind to any protein-coding mRNA of choice through its binding domain (BD), a region designed
40 to complement the sequence within the 5' untranslated region (5 UTR) and around the start
41  codon of the mRNA. Target-specific SINEUPs designed in this manner are transfected to cultured
42  cells, and protein and RNA are extracted for downstream analyses, generally 24-48 h post-
43  transfection. SINEUP-induced protein up-regulation is detected by Western-blot analysis and
44  RNA expression is measured using real-time quantitative reverse transcription PCR. We have


mailto:carninci@riken.jp
mailto:hazuki.takahashi@riken.jp
mailto:harshita.sharma@riken.jp
http://www.editorialmanager.com/jove/download.aspx?id=880007&guid=28b36622-50ad-4ece-81fa-8b9989236435&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=880007&guid=28b36622-50ad-4ece-81fa-8b9989236435&scheme=1

45
46
47
48
49
50
51
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

observed that BD design is critical for achieving optimum SINEUP activity and that testing
different BD sizes and positions with respect to the start codon of the target mRNA is
recommended. Therefore, we describe here a semi-automated high-throughput imaging method
based on fluorescence detection that can be implemented to target mRNA fused with green
fluorescent protein (GFP). SINEUPs specifically enhance translation within normal physiological
range of the cell, without altering the target transcript level. This method has been successfully
employed against a range of endogenous and exogenous targets, in a wide variety of human,
mouse, and insect cell lines along with in vivo systems. Moreover, SINEUPs have been reported
to increase antibody production and work as an RNA therapeutic against haploinsufficient genes.
The versatile and modular nature of SINEUPs makes them a suitable tool for gene-specific
translational control.

INTRODUCTION:

In the post-genomic era, many insights have been gained into the gene regulatory roles of non-
coding antisense transcripts owing to the development of next-generation sequencing
technologies and gene-editing tools. This category of transcripts, which was previously
considered to be “transcriptional trash”, is now established as a key player of genetic regulation.
Antisense transcripts are reported to modulate chromatin and control stability and expression of
their cognate protein-coding sense mRNA*°. In most cases, this mode of regulation is negative
and antisense transcripts silence their sense counterparts through RNA-RNA interactions®’. This
trait of natural antisense transcripts has been utilized to downregulate desired genes in the form
of synthetic small interfering RNA (siRNA), microRNA (miRNA), and antisense oligos (ASO)%*!
leaving a technological void for targeted gene up-regulation.

One intriguing study changed the perspective of the antisense RNA field by demonstrating that
antisense long non-coding RNAs (AS IncRNAs) of the genes Uchl1 (ubiquitin C-terminal hydrolase
L1) and Uxt (ubiquitously-expressed transcript) positively regulate translation of their cognate
sense MRNA at the post-transcriptional level in mice!2. The 5’ end of these AS IncRNAs overlaps
with several bases in the 5’ untranslated region (5’ UTR) of their corresponding sense transcripts,
and the non-overlapping 3’ end contains an inverted repeat of a retrotransposon belonging to
the short interspersed nuclear element (SINE) family. Interestingly, we found that the main
driving force behind this translational up-regulation is the embedded SINE repeat and it is not
limited to mouse SINE repeats only. Human Alu repeat-containing AS IncRNAs also enhanced
translation of target sense mRNAs, reinforcing the idea of a novel class of SINE-driven regulatory
antisense non-coding RNAs, appropriately named SINEUPs®3. Recent studies showed that the
potential of natural SINEUPs is preserved in synthetic SINEUPs designed to specifically target
various endogenous and exogenous genes'#!, SINEUPs have two important features: first the
“binding domain” (BD) which is generally the 5' end region complementary to the sequence
encompassing the primary start codon of a protein-coding mRNA, and second the “effector
domain” (ED) as it incorporates an inverted repeat of SINE which is a prerequisite for SINEUP
function!® (Figure 1). SINEUPs can be customized to design a BD specifically targeting a gene of
choice. This can then be harnessed to dissect the function of a particular gene involved in a
biological pathway, as a better alternative to a conventional mRNA overexpression strategy. In
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addition, this versatile tool can be applied to boost antibody production, and as a drug to treat
haploinsufficient diseases caused by insufficient dosages of functional proteins®2%,

The advantages of SINEUP technology are manifold. It does not alter the expression of the target
at the transcriptional level. Longer BDs provide more specificity to SINEUPs, while not inducing a
dsRNA-dependent stress responsel®. The protein induction is maintained within the normal
physiological range of the cell, preventing any deleterious effect due to aberrant or excessive
protein expression. SINEUPs are compatible with a wide variety of mouse, human, and hamster
cultured cell lines, for instance, HEK293T/17, HepG2, HelLa, CHO, MN9D, and many more!%1>1819,
SINEUPs can efficiently target endogenous genes, transiently overexpressed genes, and FLAG-
tagged or luciferase-fusion genes, eliminating the need of gene-specific antibodies#!8. The basic
SINEUP analysis requires routine cell culture, transfection, sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE), real time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) instruments and settings, and expertise can be gained in a
short time.

Here, we describe a method for targeting genes with synthetic SINEUPs to up-regulate translation,
an effect contrary to other technologies such as RNA interference® and ASO gapmers®2223, A
widely-used method for RNA-guided gene activation is clustered regularly interspaced short
palindromic repeats-based activation (CRISPRa), where the gene expression is triggered at the
transcriptional level?*. This method, though simple and fast, requires multiple single guide RNAs
(sgRNAs) targeting the same gene for higher efficiency, thereby increasing the chances of off-
target binding?®. In addition, the key enzyme of the CRISPRa system, the catalytically dead
CRISPR-associated protein 9 (dCas9) has low binding specificity and sgRNAs targeting bi-
directional promoter regions can non-specifically up-regulate nearby genes?>. Conversely,
SINEUPs bind to target mRNA at a single binding region with high specificity and do not affect
expression of nearby genes. We discuss the basic steps involved in SINEUP design, transfection,
protein and RNA expression analyses. Furthermore, we present a semi-automated, high-
throughput imaging system to screen multiple SINEUPs at once, which is useful for detection of
optimum SINEUPs.

PROTOCOL:

1. Design of BDs of SINEUP Constructs for Target mRNAs

1.1.  Check transcription starting site (TSS) and translation starting site of target mRNAs in the
cells of interest. Acquire TSS data from both the ENCODE and FANTOM projects (cap analysis of
gene expression, CAGE) (ZENBU: http://fantom.gsc.riken.jp/zenbu/).

1.2. Open the browser, search genes of interest and check TSS by CAGE peaks.

1.3.  Consult the example analysis of cell and tissue specific TSS of Parkinson disease protein 7
(PARK7) mRNA shown in Figure 2.
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1.4. Design BD sequences of several different lengths corresponding to 40 bases upstream and
32 bases downstream of the first methionine (AUG), 72 nt in total.

1.5.  Custom order the designed BDs in SINEUP expression vector (see Table of Materials).

Note: Check the sequence specificity by basic local alignment search tool (BLAST) to avoid off-
target effects?®.

2. Cell Culture and SINEUP Transfection

2.1. Seed cells of interest in a 6 well-plate or 24 well-plate for 24 h before transfection of
SINEUPs. In the case of human embryonic kidney cell line (HEK293T/17) (see Table of Materials),
seed 0.5 x 10° cells per well of a 6 well-plate or 1.5 x 10° cells per well of a poly-D-lysine coated
24 well-plate (see Table of Materials). It becomes 70% confluent after 24 h.

2.2.  After 24 h, transfect 4 pug of SINEUPs for a 6 well-plate or 800 ng of SINEUPs for a 24 well-
plate with transfection reagent (10 uL in 6 well-plate and 3 pL in 24 well-plate) (see Table of
Materials), and incubate at 37 °C in a 5% CO; incubator for 24 h. For analyzing SINEUP-GFP,
transfect 0.6 ug of pEGFP-C2 (see Table of Materials) and 3.4 ug of SINEUP-GFP in one well of a
6 well-plate, or 130 ng of pEGFP-C2 and 670 ng of SINEUP-GFP in one well of a 24 well-plate.

2.3.  Wash cells with 10 mL of phosphate buffer saline (PBS) (37 mM NaCl, 8 mM Na;HPO4, 2.6
mM KCl and 1.5 mM KH,PO4) and add 2 mL of PBS. Harvest 3/4 of cells (1.5 mL) from 1 well for
protein extraction (go to protocol 3 for protein extraction) and 1/4 of cells (0.5 mL) for RNA
extraction by centrifugation at 6,000 x g for 5 min at 4 °C (go to step 5 for RNA extraction).

Note: Analyze the effect of SINEUP-GFP in a poly-D-lysine coated 24 well-plate by imaging. Go to
step 7 (imaging analysis).

3. Protein Extraction

3.1.  Carefully aspirate 1.5 mL of PBS and add 140 pL of lysis solution (20 mM Tris-HCI (pH 7.5),
150 mM NaCl, 1 mM NazEDTA, 1 mM EGTA, 1% (w/v) Triton, 2.5 mM sodium pyrophosphate, 1
mM  B-glycerophosphate, 1 mM Na3VOs, 1 pg/mL leupeptin, and 0.005% (w/v)
phenylmethylsulfonyl fluoride (PMSF)) to the cells (see Table of Materials).

3.2. Mix by pipetting and then mix thoroughly by rotating at slow speed for 1 h at 4 °C. Collect
supernatant by centrifugation at 14,000 x g for 10 min at 4 °C.

3.3. Check protein concentration by colorimetric assay (see Table of Materials). Prepare all
the reactions at room temperature.
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3.3.1. Prepare 5-6 times dilution of bovine serum albumin (BSA) protein standard in ultrapure
water with concentrations ranging from 0.2-1.5 mg/mL protein. Prepare fresh standards each
time.

3.3.2. Prepare working reagent A’ by mixing 1 mL of reagent A (alkaline copper tartrate solution)
with 20 uL of reagent S (surfactant solution).

3.3.3. Load 5 pL of water (negative control), BSA standard (protein standard and positive
control) or protein sample in each well of a 96-well plate.

3.3.4. Add 25 pL of reagent A’ in each well. Carefully add 200 pL of reagent B (Folin reagent) per
well avoiding any bubble formation. Cover the plate with aluminum foil and wait for 5-10 min.

3.3.5. Measure the protein absorbance at 750 nm with a spectrophotometer. The absorbance
is stable for at least 1 h.

3.3.6. Prepare standard curve by plotting BSA standard protein concentrations (mg/mL) on the
x-axis and their respective absorbance on the y-axis. Calculate sample protein concentration by
applying standard curve equation.

Note: Pause the protocol at this step if needed or go to step 4. For long-term storage, snap
freeze protein samples in liquid nitrogen and store at -80 °C.

4. Protein Separation by SDS-PAGE and Detection of Target Proteins with Antibodies
(Western-blot Analysis)

4.1. Add one volume of 2x loading dye (0.1 M Tris-HCI (pH 6.8), 4% SDS, 20% glycerol, 1.42%
2-mercaptethanol and 0.2% bromophenol blue) to each volume of protein sample from step 3.3.
Heat at 90 °C for 5 min and immediately cool on ice for 1 min.

4.2. Load 10-20 pg of protein samples to 10% SDS poly-acrylamide gel and separate at 100-
150 V) (see Table of Materials).

4.3. Transfer protein from gel to 0.45-um nitrocellulose membrane (see Table of Materials)
by semi-dry transfer instrument with transfer buffer (25 mM Tris, 192 mM glycine and 20%
methanol) at 25 V for 30 min.

4.4. Add blocking solution (5% non-fat dry milk in 1x TBST buffer (137 mM NacCl, 20 mM Tris-
HCI (pH 7.6), 0.1% Tween-20)) (see Table of Materials) to the container until the membrane is
completely soaked and incubate it at room temperature for 30 min.

4,5. In the case of SINEUP-GFP, hybridize the protein with anti-GFP antibody (diluted 1:2000
in blocking solution) (see Table of Materials) by incubating the membrane for 30 min with
shaking at room temperature. As an internal control protein, detect B-actin protein by hybridizing
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with Anti-B-Actin antibody (diluted 1:2000 in blocking solution) (see Table of Materials) for 30
min with shaking at room temperature.

4.6. Add 1x TBST buffer to the container until the membrane is completely soaked and wash
for 5 min at room temperature. Repeat the wash step two more times (a total of three washes).

4.7. Hybridize GFP protein to diluted (1:1000 in blocking solution) anti-rabbit antibody
conjugated with horseradish peroxidase (HRP), and hybridize B-actin protein to diluted (1:1000
in blocking solution) anti-mouse antibody conjugated with HRP on the membrane for 30 min with
shaking at room temperature.

4.8. Wash membrane with 1x TBST buffer for 5 min at room temperature. Repeat the wash
step two more times (a total of three washes).

4.9. Mix equal volume of HRP-enhanced chemiluminescence (ECL) detection reagent 1 and 2
(see Table of Materials). Transfer the membrane to 2 mL ECL reagent mix, cover the box with
aluminum foil and let it incubate for 1-2 min at room temperature. Carefully remove the
membrane from ECL reagent mix and expose using a luminescence imaging instrument.

5. RNA Extraction and DNase Treatment

5.1.  Extract total RNA following the standard protocol for RNA extraction from cells grown in
a monolayer?’ or alternatively use a commercially available RNA extraction kit (see Table of
Materials). To state in brief, add any monophasic lysis reagent (MLR) of guanidine isothiocyanate
and phenol to the harvested cells in step 2.3 (1 mL MLR per ~5 million cells)?’.

Note: Change gloves frequently. Use RNase-free reagents, and diethylpyrocarbonate (DEPC)-
treated plastic ware and glassware to prevent RNA degradation. Pause the protocol at this step
if needed. Store extracted RNA at -80 °C.

5.2.  Add 0.1 volume of 10x DNase buffer and 2 U of DNase to the purified RNA from step 5.1
(see Table of Materials).

5.3.  Set the reaction volume to 50 pL with nuclease-free water and mix gently. Incubate at
37 °C for 30 min.

5.4. Add 0.1 volume of re-suspended DNase inactivation reagent and mix well (see Table of
Materials). Incubate for 5 min at room temperature with gentle shaking.

5.5.  Centrifuge at 10,000 x g for 90 s. Transfer the supernatant (DNA-free RNA) to a fresh
RNase-free 1.5 mL tube. Be careful not to touch the pellet because this can cause carry-over of
DNase which is troublesome for downstream steps.
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5.6.  Quantitate RNA by measuring Azeo and Azeo/Azso ratio (for pure RNA, the range is 1.8-2.0)
in a UV spectrophotometer.

6. First Strand cDNA Synthesis and qRT-PCR Analysis

6.1. Perform first strand cDNA synthesis following a standard cDNA synthesis protocol as
below (see Table of Materials).

6.1.1. Mix 0.75 uM oligo dT primer, 4.3 uM random primer, dNTPs (10 mM each) with 200-500
ng total RNA (from steps 5-8) in 10 uL of total reaction volume. Incubate at 65 °C for 5 min and
then immediately put on ice.

6.1.2. Mix 1x reverse transcriptase buffer, 1 U of RNase inhibitor, 10 U of reverse transcriptase,
and add to 10 pL RNA-primer mix from 6.1.1.

6.1.3. Set the total reaction volume to 20 pL with nuclease-free water if required. Mix gently
and incubate the reaction mix at 30 °C for 10 min, then at 42 °C for 60 min, and finally at 95 °C
for 5 min to inactivate the enzyme. Cool the tubes on ice.

Note: Thaw RNA samples and all the reagents on ice and prepare the reaction mix on ice. If
target RNAs are only polyA RNAs, use oligo dT primer only (2.5 uM). Pause the protocol if needed.
Store synthesized cDNA at -20 °C.

6.2. Perform qRT-PCR in technical triplicates (n=3, Ct standard deviation > 0.2) and within
biological replicates (n > 3) using 1 uL of 10 ng cDNA, 0.4 uL of reverse primer (10 uM), 0.4 uL of
forward primer (10 uM), 10 pL of mixture solution of DNA polymerase, 0.4 uL of double-strand
DNA staining dye, 10 pL of nuclease-free water (reaction volume was 20 uL) to detect PCR
products using following conditions; hold stage (1 cycle) for 30 s at 95 °C, cycling stage (40 cycles)
for 5sat 95 °Cand for 30 s at 60 °C, melt curve stage. Primer examples are for Human Gapdh_Fw:
TCTCTGCTCCTCCTGTTC, Human Gapdh_Rv: GCCCAATACGACCAAATCC, EGFP_Fw:
GCCCGACAACCACTACCTGAG, EGFP_Rv: CGGCGGTCACGAACTCCAG, SINEUP-GFP_Fw:
CTGGTGTGTATTATCTCTTATG and SINEUP-GFP_Rv: CTCCCGAGTCTCTGTAGC. See Table of
Materials. Analyze quantitative RNA expression with 2"22¢t + SD method?8.

7. Imaging Analysis of SINEUPs by Semi-automated Detection Method
7.1.  Wash cells with 0.5 mL of PBS.

7.2. Add 2.0 ug of Hoechst 33342 (see Table of Materials) (dissolving in 500 pL of PBS) to each
well of the 24-well plate and incubate cells at 37 °C for 20 min to stain the nucleus.

7.3. Measure Hoechst stained cells to count the total number of cells at a blue emission
maximum of 461 nm, and intensity of green fluorescence to count number of GFP positive cells
at a green emission maximum of 510 nm by using a high-throughput micro-well image cytometer
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(see Table of Materials). Analyze protein up-regulatory effect of the SINEUPs by calculating GFP
integrated intensity, which is the sum of all pixel intensities displaying signal in segmented objects
calculated for each channel, using Imaging software?°.

7.4.  Harvest cells to check RNA expression (back to steps 5 and 6).

REPRESENTATIVE RESULTS:

SINEUP-GFP is a synthetic SINEUP containing both an optimum BD (-28/+4 overlap to GFP mRNA)
and an ED (inverted SINE B2 from AS-Uchl1) that can up-regulate GFP mRNA translation (Figure
3A and 3B) without changing the expression of GFP mRNA (Figure 3C and 3D). To screen optimum
BDs and EDs for SINEUPs, we developed a protocol of semi-automated image analysis that
improved detection time and increased the number of samples being simultaneously screened
compared with a conventional Western-blot analysis'®>. As shown in Figure 4, this high-
throughput imaging system took 3 days (Western-blot analysis took 2 weeks for 48 SINEUPs).
Having demonstrated that SINEUP-GFP increases GFP translation, we detected GFP integrated
intensity by the image cytometer. The optimum BD of SINEUP-GFP induced a 1.4-fold increase in
GFP protein expression. Although we observed compression of signals from 2.6-fold (Western-
blot analysis, see Figure 3A) to 1.4-fold (Imaging analysis, see Figure 5), the difference might be
due to the calibration of the imaging instrument software. Nevertheless, we detected
significantly higher levels of GFP fluorescence compared with the control (Figure 5A and 5B).

FIGURE AND TABLE LEGENDS:
Figure 1: Basic design of the synthetic SINEUPs. BD: binding domain to target mRNA, ED: effector
domain containing an inverted SINE sequence.

Figure 2: Transcription starting sites (TSSs) of human Parkinson disease protein 7 (PARK?)
mRNA in specific tissues and cells as detected by CAGE analysis. A. A snapshot showing a TSS
search result for human PARK7 mRNA using an omics data integration and interactive
visualization system3°. The horizontal green arrow in the Entrez gene hgl9 track indicates the
genomic position of the reference human PARK7 mRNA and the vertical green bars in the
FANTOMS5 CAGE 1 and 2 tracks indicate the sum of TSSs (measured as transcripts per million
(tpm)) from 1,829 types of tissues and cells. B. Zoom in of the marked region of the TSS in panel
A (1/354 scale: 35.4 kb to 100 bp). Grey shaded area in the FANTOMS5 CAGE phase 1 and 2 tracks
indicates the TSS of 6 specific cells out of the total 1,829, which are listed at the bottom of the
figure. The numbers (11.369, 4.998, 4.304, 3.509, 3.477, and 3.055) corresponding to these listed
cells indicate transcripts per million for each specific cell at the grey shaded positions of the TSS.

Figure 3: Western-blot analysis confirming up-regulation of translation by SINEUP-GFP. A.
SINEUP-GFP was examined by Western-blot with anti-GFP antibody. B. Results were normalized
to the intensity of the B-actin protein band. (C) GFP mRNA and (D) SINEUP RNAs expression were
detected by gRT-PCR. ***p < 0.0005, n=3, two-tailed student’s t-test, error bars are standard
deviation. This figure has been modified from Takahashi et al.*>.
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Figure 4: Schematic of SINEUP semi-automated image analysis. Day 1: Seed cells of interest in a
24 well-plate. Day 2: Transfect GFP and SINEUP-GFP. Day 3: Analyze the effect of SINEUPs by
measuring GFP integrated intensity.

Figure 5: High-throughput analysis of translation up-regulation by SINEUP-GFP. A. Comparison
of GFP fluorescence between control and SINEUP-GFP transfected cells'>. Scale bar = 2 mm. B.
GFP integrated intensity was normalized to the total cell number counted by nuclear staining
with Hoechst 33342. ***p < 0.0005, n=3, two-tailed student’s t-test, error bars are standard
deviation. FOV: field of view. This figure has been modified from Takahashi et al.>.

DISCUSSION:

We described here a protocol to specifically enhance protein production of a target mRNA by
means of a SINE-containing non-coding RNA, called SINEUPs. As a representative example,
optimum synthetic SINEUP-GFP is shown to up-regulate the translation of GFP mRNA 2.6-fold as
measured by Western-blot analysis.

Designing an optimum BD is crucial to ensure SINEUP specificity and potency (extent of protein
up-regulation). Previously, we screened 17 BDs of SINEUP-GFP by Western-blot analysis® and
found that the optimum BD overlaps the AUG-KOZAK sequence of GFP mRNA, though it may not
be the case with other mRNAs and should be verified for each case. Another independent group
also screened the BD using a different method3'. As screening many BDs can be quite time-
consuming and cumbersome, we introduced a high-throughput SINEUP detection method here.
This method measures relative changes in GFP integrated density in SINEUP transfected-cells
compared to the control vector transfected-cells. To ensure that cells in a particular well of a
culture plate are transfected equally and GFP signal is not concentrated to only a certain region
of the well, it is very important to distribute the cells equally in the wells in step 2.1. For this
purpose, gently shake the plate 10 times back and forth (1~ ) after seeding the cells inside a
clean bench and repeat in the 5% CO; incubator before starting the incubation.

Another critical step is the calculation of protein concentration in step 3.3. Miscalculations here
can lead to the loading of an erroneous amount of protein during Western-blot analysis,
consequently preventing detection of small changes in protein expression by some of the weak
SINEUPs or generating false positives from overloading. It is recommended to freshly prepare the
protein standard curve every time, making sure that equal amounts of standards and protein
samples are measured in step 3.3.3. The protocol described here focuses on SINEUP-GFP, but
Western-blot analysis can be used for any target mRNA of interest. The incubation time and
concentration of antibodies should be optimized for each target to get the best result.

One of the unique features of SINEUPs is that target-mRNA expression level remains unaffected.
It is important to treat RNA with DNase to avoid detection of transfected SINEUPs and genomic
DNA by qRT-PCR. SINEUP RNAs and target mRNA expression should be measured by gRT-PCR to
confirm the success of both transfection and SINEUP activity. SINEUPs contain a SINE sequence,
which is abundant throughout both the human and mouse genomes. To avoid non-specific
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detection of SINE sequences, it is not recommended to design gRT-PCR primers to the SINE
sequence.

In this protocol we used human cell lines, but SINEUPs are efficacious in a number of cell lines
from several different species'?'#819 The cell culture and transfection conditions can be
modified according to different cell lines as long as these maintain transfection efficiency of the
SINEUP vectors. Moreover, alternative methods of RNA extraction, cDNA synthesis, and protein
concentration checking can be employed, given that they preserve the required RNA and protein
quality for qRT-PCR and Western-blot analysis. While we used a specific high-throughput micro-
well cytometer, which enabled detection of GFP fluorescence across the entire well, other
cytometers with a similar detection range can be used3. It is to be noted that if the distribution
of cells and transfection are equal throughout a well, then it is not necessary to scan the whole
well for GFP fluorescence: half or one-quarter of the area of a well might be enough to discern
SINEUP effect depending on experimental skills.

Establishing a high-throughput SINEUP detection protocol allows for simultaneous screening of
multiple BDs targeting a given mRNA in cultured cells. This is important as the rules governing
optimum targeting by the BD are still unclear. Such a multiplex screening system allows for large-
scale testing of many SINEUPs against different genes, useful for targeting multiple genes
involved in a particular signaling pathway for instance. Furthermore, it can be utilized to expand
the search for effective SINEUPs targeting several mRNAs, designing different SINEUP BDs around
AUG-Kozak region (see Figure 1), co-transfecting full length target mRNAs (5° UTR-CDS-3’' UTR)
fused with GFP mRNA in cultured cells to find the optimum SINEUPs, and subsequently testing
BD candidates against endogenous mRNA in cultured cells and in vivo model animals, from
humans and mice to other animal and plant species.

This screening protocol is very fast. We do not need to fix and collect cells, but just need to place
the living cell culture plate in the imaging instrument. We propose to use this high-throughput
screening protocol to select optimum BDs of SINEUPs and evaluate potential candidates by
Western-blot analysis. Thus, selected candidates with optimum BDs can be applied to increase
antibody production'®1%2!, Currently, the RNA therapeutic field is dramatically growing. For
instance, siRNA, ASO, mRNA, and CRISPR RNA therapies, are widely employed to control mRNA
expression of their respective targets®32. In this context, SINEUPs are in their infancy, but so far
none of the studied SINEUPs changed expression of target mRNAs. In addition, SINEUPs do not
edit target mRNA, but only up-regulate translation of mRNA. Furthermore, loss-of-function
diseases resulting from haploinsufficiency can be targeted by SINEUP therapy, achieving a 2-fold
induction of the deficient protein'’33, Although off-target effects need to be further studied,
SINEUPs potentially and specifically target a single, expressed mRNA with a complementary
sequence to the BD.

A limitation of this high-throughput protocol is that it is not suitable to screen BDs of SINEUPs in
in vivo mouse models because the protocol measures the GFP integrated intensity only. As
SINEUPs are natural antisense IncRNAs that act post-transcriptionally, they cannot be applied
when the target mRNA is missing in the cells or tissue samples.
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Nevertheless, SINEUPs can be applied to gain-of-function studies, to enhance antibody
production, and as an RNA therapy to up-regulate expression of deficient proteins within the
range of 1.5-3.0-fold. The methods described here present a useful guide to target and detect
SINEUP-induced translation enhancement of desired mRNA and provide a new tool for post-
transcriptional gene regulation.

ACKNOWLEDGMENTS:

This study was partly supported by the Basic Science and Platform Technology Program for
Innovative Biological Medicine, no. 177am0301014, from the Japan Agency for Medical Research
and Development (AMED), Research Grant from MEXT to the RIKEN Center for Life Science
Technologies and a Research Grant from MEXT to the RIKEN IMS. We thank members of the PC
lab and of the SINEUP network (SISSA, University of Eastern Piedmont and RIKEN) for thought-
provoking discussions. We thank Dr. Matthew Valentine for proofreading.

DISCLOSURES:

The corresponding author Piero Carninci is one of the founders of TransSINE Technologies Co.
Ltd. that holds intellectual property on filed patent (EP2691522A4 and JP2017169573A), and
granted patent (US9353370B2) for SINEUP technology.

REFERENCES

1 Katayama, S. et al. Antisense transcription in the mammalian transcriptome. Science. 309
(5740), 1564-1566, d0i:10.1126/science.1112009, (2005).

2 Carninci, P. et al. The transcriptional landscape of the mammalian genome. Science. 309
(5740), 1559-1563, d0i:10.1126/science.1112014, (2005).

3 Hon, C.C. et al. An atlas of human long non-coding RNAs with accurate 5' ends. Nature.
543 (7644), 199-204, doi:10.1038/nature21374, (2017).

4 Tufarelli, C. et al. Transcription of antisense RNA leading to gene silencing and

methylation as a novel cause of human genetic disease. Nature Genetics. 34 (2), 157-165,
do0i:10.1038/ng1157, (2003).

5 Yu, W. et al. Epigenetic silencing of tumour suppressor gene p15 by its antisense RNA.
Nature. 451 (7175), 202-206, doi:10.1038/nature06468, (2008).
6 Carninci, P., Hayashizaki, Y. Noncoding RNA transcription beyond annotated genes.

Current Opinion in Genetics & Development. 17 (2), 139-144, doi:10.1016/j.gde.2007.02.008,
(2007).

7 Chu, Y., Yue, X., Younger, S.T., Janowski, B.A., Corey, D.R. Involvement of argonaute
proteins in gene silencing and activation by RNAs complementary to a non-coding transcript at
the progesterone receptor promoter. Nucleic Acids Research. 38 (21), 7736-7748,
doi:10.1093/nar/gkq648, (2010).

8 Ha, M., Kim, V.N. Regulation of microRNA biogenesis. Nature Reviews Molecular Cell
Biology. 15 (8), 509-524, doi:10.1038/nrm3838, (2014).
9 Takahashi, H., Carninci, P. Widespread genome transcription: new possibilities for RNA

therapies. Biochemical and Biophysical Research Communications. 452 (2), 294-301,
do0i:10.1016/j.bbrc.2014.08.139, (2014).



479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522

10 Lam, J.K.W., Chow, M.Y.T., Zhang, Y., Leung, S.W.S. siRNA Versus miRNA as Therapeutics
for Gene Silencing. Molecular Therapy-Nucleic Acids. 4, doi:ARTN e252, 10.1038/mtna.2015.23,
(2015).

11 Nishina, K. et al. DNA/RNA heteroduplex oligonucleotide for highly efficient gene
silencing. Nature communications. 6 7969, doi:10.1038/ncomms8969, (2015).

12 Carrieri, C. et al. Long non-coding antisense RNA controls Uchll translation through an
embedded SINEB2 repeat. Nature. 491 (7424), 454-457, doi:10.1038/nature11508, (2012).

13 Schein, A., Zucchelli, S., Kauppinen, S., Gustincich, S., Carninci, P. Identification of
antisense long noncoding RNAs that function as SINEUPs in human cells. Scientific Reports. 6,
doi:Artn 33605, 10.1038/Srep33605, (2016).

14 Zucchelli, S. et al. SINEUPs are modular antisense long non-coding RNAs that increase
synthesis of target proteins in cells. Frontiers in Cellular Neuroscience. 9 174,
do0i:10.3389/fncel.2015.00174, (2015).

15 Takahashi, H. et al. Identification of functional features of synthetic SINEUPs, antisense
IncRNAs that specifically enhance protein translation. PLOS ONE. 13 (2), e0183229,
doi:10.1371/journal.pone.0183229, (2018).

16 Deutschbauer, A.M. et al. Mechanisms of haploinsufficiency revealed by genome-wide
profiling in yeast. Genetics. 169 (4), 1915-1925, doi:10.1534/genetics.104.036871, (2005).

17 Indrieri, A. et al. Synthetic long non-coding RNAs [SINEUPs] rescue defective gene
expression in vivo. Scientific Reports. 6 27315, doi:10.1038/srep27315, (2016).

18 Patrucco, L. et al. Engineering mammalian cell factories with SINEUP noncoding RNAs to
improve translation of secreted proteins. Gene. doi:10.1016/j.gene.2015.05.070, (2015).

19 Sasso, E. et al. A long non-coding SINEUP RNA boosts semi-stable production of fully
human monoclonal antibodies in HEK293E cells. MADbs. 1-8,
doi:10.1080/19420862.2018.1463945, (2018).

20 Dang, V.T., Kassahn, K.S., Marcos, A.E., Ragan, M.A. Identification of human
haploinsufficient genes and their genomic proximity to segmental duplications. European Journal
of Human Genetics. 16 (11), 1350-1357, doi:10.1038/ejhg.2008.111, (2008).

21 Zucchelli, S., Patrucco, L., Persichetti, F., Gustincich, S., Cotella, D. Engineering Translation
in Mammalian Cell Factories to Increase Protein Yield: The Unexpected Use of Long Non-Coding
SINEUP RNAs. Computational and Struct Biotechnology Journal. 14, 404-410,
d0i:10.1016/j.csbj.2016.10.004, (2016).

22 Hua, Y. et al. Antisense correction of SMN2 splicing in the CNS rescues necrosis in a type
[l SMA mouse model. Genes & Development. 24 (15), 1634-1644, doi:10.1101/gad.1941310,
(2010).

23 Watts, J.K., Corey, D.R. Silencing disease genes in the laboratory and the clinic. Journal of
Pathology. 226 (2), 365-379, d0i:10.1002/path.2993, (2012).

24 Perez-Pinera, P. et al. RNA-guided gene activation by CRISPR-Cas9-based transcription
factors. Nature Methods. 10 (10), 973-976, doi:10.1038/nmeth.2600, (2013).

25 Wu, X. et al. Genome-wide binding of the CRISPR endonuclease Cas9 in mammalian cells.
Nature Biotechnology. 32 (7), 670-676, doi:10.1038/nbt.2889, (2014).

26 Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J. Basic local alignment search
tool. Journal of Molecular Biology. 215 (3), 403-410, doi:10.1016/50022-2836(05)80360-2,
(1990).



523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539

27 Liu, X., Harada, S. RNA isolation from mammalian samples. Current Protocols in Molecular
Biology. Chapter 4 Unit 4.16, doi:10.1002/0471142727.mb0416s103, (2013).

28 Livak, K.J., Schmittgen, T.D. Analysis of relative gene expression data using real-time
guantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 25 (4), 402-408,
doi:10.1006/meth.2001.1262, (2001).

29 Schneider, C.A., Rasband, W.S., Eliceiri, KW. NIH Image to ImagelJ: 25 years of image
analysis. Nature Methods. 9 (7), 671-675 (2012).

30 Severin, J. et al. Interactive visualization and analysis of large-scale sequencing datasets
using ZENBU. Nature Biotechnology. 32 (3), 217-219, doi:10.1038/nbt.2840, (2014).

31 Yao, Y. et al. RNAe: an effective method for targeted protein translation enhancement by
artificial non-coding RNA with SINEB2 repeat. Nucleic Acids Research. 43 (9), e58,
do0i:10.1093/nar/gkv125, (2015).

32 Savié, N., Schwank, G. Advances in therapeutic CRISPR/Cas9 genome editing.
Translational Research. 168 15-21, doi:10.1016/j.trsl.2015.09.008, (2016).

33 Long, H. et al. RNAe in a transgenic growth hormone mouse model shows potential for
use in gene therapy. Biotechnology Letters. doi:10.1007/s10529-016-2236-7, (2016).



Figure 1 Click here to access/download;Figure;JoVE Figure1.ai %

Target mRNA
e

5"UTR AUG CDS 3’ UTR
NERRANRRNRRARRNNR
Binding Domain

~—

SINEUP



http://www.editorialmanager.com/jove/download.aspx?id=878362&guid=f8411544-74c8-4e7a-9e7c-e5d5ad28e9be&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=878362&guid=f8411544-74c8-4e7a-9e7c-e5d5ad28e9be&scheme=1

Figure 2 Click here to access/download;Figure;JoVE Figure2 new.ai %

whg19 chr1 8015807..8051249+ [len 35.4 kb Tk ®
p :pﬁpsel'-zépse.lﬂpsegpdﬁpw.slm;ﬁ~ p32.3fRp At pzzl'@pzlpzlﬂms.pmq21.!-ﬂqm.ﬂqZqus.:E!qzitEqud-ﬂ-iqzs.sq3q32.1 EEqSEEq42qq44
8020000 830000 B0o40OOO

¥ Entrez gene hg19 FE%®
PARK7

‘VFANTOMS CAGE phase 1 and 2 human tracks pooled filtered with 3 or more tags per library and rle normalized [rev:0.15 fwd:26.9 scale:26.89] (mean) tpm [F] 5k ®

S

vhg19 chr1 8021697..8021796+ [len 100 bg l Dk ®
%1% p3efiRE p36 L p36 [E patE p34.3[ 2] 3R p32. 3 p AR P22 p2 TR0 p X p 1 3. {EN p X FXREIE R 21 %X 021. 8| o2 023 0 q24RE g2 fF 25 3 ER o3 EEE q32.1  FE o3 ERINI (7] o4 2R7P) o 7RI 044

8021700 8021710 8021720 8021730 8021740 8021750 8021760 8021770 8021780 8021790
TGAGGCCAAGGCGGCGT GAGTCTGCGCAGT GT GGGGCT GAGGGAGGCCGGACGGCGCGCGT GCGTGCTGGCGTGCGTTCATTTTCAGCCT GGT GT GGG
IVEntrez gene hg1 PgARK7 FE%e®

vFANTOMS5 CAGE phase 1 and 2 human tracks pooled filtered with 3 or more tags per library and rle normalized [rev:0 fwd:9.5 scale:9.48] (mean) tpm
Qo

N im0

oFibroblast - skin, normal donor2 (cytoplasmic fraction) ; CNhs14561 ctss [tpm

0K562 erythroblastic leukemia response to hemin, day02, biol rep2 : CNhs12700 ctss [tpm]

omesenchymal stem cells (adipose derived), adlpoaenlc induction, day04, biol rep2 : CNhs13623 ctss [tpm]
0iPS differentiation to neuron, control donor C11-CRL2429, day00, rep1 : CNhs14045 ctss [tpm]

oCOBL-a rinderpest(-C) infection, 12hr, biol reéﬂ : CNhs14438 ctss [tpm]

oMallassez-derived cells, donor1 : CNhs12538 ctss [tpm]



http://www.editorialmanager.com/jove/download.aspx?id=878363&guid=33d09ff2-946f-4e40-b238-d88b90059757&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=878363&guid=33d09ff2-946f-4e40-b238-d88b90059757&scheme=1

Figure 3 Click here to access/download;Figure;JoVE Figure3.ai %

A C
GFPmRNA |
Control SINEUP 1.2
i
" n 1 (
. crr So8| [ |
= 0.8
=
B-actin 006
504
1 2.6 fold induction 2‘
202
AN
0
Control SINEUP
B
SINEUP RNA
- %k %k k
E3_O = 1.2
§ o1
C o
§2.0- = 0.8
Z
S & 06
s -
5 1.0 O 04
g 3
= T 0.2
= 3
A 0

Control SINEUP Control SINEUP


http://www.editorialmanager.com/jove/download.aspx?id=878364&guid=9fe594db-af2b-4378-b474-e92506460fa2&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=878364&guid=9fe594db-af2b-4378-b474-e92506460fa2&scheme=1

-4

Click here to access/download;Figure;JoVE Figure4.ai

Figure 4

Day 3
Detection

Day 2
Transfection

Day 1
Seed cells

10 min/plate

SINEUPs

24 well plate


http://www.editorialmanager.com/jove/download.aspx?id=878365&guid=0352d9d1-c178-4765-8604-b88b404caa1d&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=878365&guid=0352d9d1-c178-4765-8604-b88b404caa1d&scheme=1

Figure 5 Click here to access/download;Figure;JoVE Figure5.ai

Control SIEUP

24-well plate 1 well FOV 16

* 3k 3k

=
Ul

—
o

O
&)

GFP integrated intensity
Fold induction (control=1)

o

Control SINEUP


http://www.editorialmanager.com/jove/download.aspx?id=878366&guid=e047e214-ab24-40ff-88ac-959aa9585476&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=878366&guid=e047e214-ab24-40ff-88ac-959aa9585476&scheme=1

Table of Materials Click here to access/download;Table of

Materials;58627_R1_RE_Materials.xIsx

Name of Material/ Equipment

Synthetic SINEUP

HEK293T/17

Falcon Multiwell Plate For Cell Culture 6 well plate
Corning BioCoat Poly-D-Lysine 24 well Plate
Lipofectamine 2000 Transfection Reagent

pPEGFP-C2

Cell Lysis Buffer (10x)

PMSF

DC protein assay kit Il

10% Mini-PROTEAN TGX Precast Protein Gels, 12-well, 20 pl
Amersham Protran Premium NC 0.45 (150 mmx4 m)
Nonfat Dry Milk

GFP Tag Antibody

Monoclonal Anti-B-Actin antibody produced in mouse
Polyclonal Goat Anti Rabbit Immunoglobulins
Polyclonal Goat Anti mouse Immunoglobulins

ECL Western Blotting Detection Reagents

Maxwell Rapid Sample Concentrator (RSC) Instrument
Maxwell RSC simplyRNA Cells Kit

TURBO DNA-free Kit

PrimeScrip 1st strand cDNA Synthesis Kit

TB Green Premix Ex Taq Il

Hoechst3342

Celigo S

L]
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Company Catalog Number

Cell Guidance Systems Ltd. in UK and https://www.cellgs.com/items/sineupand8482.htmi

. and
K.K.DNAFORM in Japan https://www.dnaform.jp/en/information/20130320
ATCC ATCC CRL-11268
Corning 6902A01
Corning 08-774-124
Thermo Fisher Scientific 11668027
Clontech #6083-1
Cell Signaling Technology #9803S
Cell Signaling Technology #8553S
BIO RAD #5000112JA
BIO RAD #4561035
Amasham 10600013
Cell Signaling Technology #9999S
Thermo Fisher Scientific A-6455
SIGMA A5441
Dako P0448
Dako P0447
Amersham RPN2109
Promega AS4500
Promega AS1390
ambion AM1907
TaKaRa 6110A
TaKaRa RR820A
Thermo Fisher Scientific H3570
Nexcelom Bioscience 200-BFFL-S



Comments/Description

Step 1.5.

Step 2.1.

Step 2.1.

Step 2.1.

Step 2.2.

Step 2.2.

Step 3.1. This is pre-mixed cell lysis solution.

Step 3.1. To complete cell lysis buffer, add 0.005% (w/v) PMSF to 1 x cell lysis buffer.
Step 3.3.

Step 4.2.

Step 4.3., This is a 0.45 um nitrocellulose membrane.

Step 4.4. A component of the blocking solution.

Step 4.5. Lot number: 1495850, RRID: AB_221570

Step 4.5. Lot number: 026M4780V, RRID: AB_476744

Step 4.5. This is secondary antibody conjugating with HRP for anti GFP antibody. Lot number: 2001752!
Step 4.5. This is secondary antibody conjugating with HRP for anti B-Actin antibody. Lot number: 2001¢
Step 4.9.

Step 5.1. This is commercially available RNA exreaction instrument.

Step 5.1. This is commercially available RNA exreaction kit.

Step 5.2 and 5.4. The kit contains DNase, DNase buffer and inactivation reagent.
Step 6.1. The kit contains reagents of first strand cDNA synthesis.

Step 6.2.

Step 7.2.

Step 7.3. This is a high throughput micro-well image cytometer.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JOVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

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

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,

royalty-free, perpetual (for the full term of copyright in the’

Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, {b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative-Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License. :

7. Government Employees. If the Authar 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.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, persanality 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. ather 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. 1oVE 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



®
1 Alewife Center #200
Cambridge, MA 02140
v e tel. 617.845.9051

VISUALIZED EXPERIMENTS www.jove.com

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 w'arranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and ali 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
caver 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
Cammonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

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

CORRESPONDING AUTHOR:
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;
2) Faxthe document to +1.866.381.2236;
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Signature:
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Rebuttal Letter to editorial comments Click here to access/download;Rebuttal Letter;Rebuttal to
editorial comments.docx

Editorial comments:
Changes to be made by the Author(s) regarding the written manuscript:

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.

Response:

We understand editor’s concern about spelling or grammar errors. The revised version of this manuscript
has been checked and proofread by native English speaker to meet the standards of JoVE.

2. 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].”

Response:

The figures reused in this manuscript are Figure 3 and 5 which are taken and modified from the PLOS ONE
article authored by all authors of this manuscript (Takahashi et al., PLOSONE, 13(2): e0183229%%). PLOS
applies the Creative Commons Attribution (CC BY) license to articles and anyone is allowed to reuse and
distribute the articles completely or partially under proper citation. We upload copy of this open access
license policy of PLOS in the Editorial Manager account. Please find uploaded “Explicit copyright
permission of PLOS. docx” file. We have cited the source in the Figure 3 and 5 legends (Lines 321 and 332
respectively) as suggested by the editor.

3. Figure 2: Please define error bars and asterisk symbol in the figure legend.
Response:

We thank the editor for pointing out this. We have revised this figure legend (Figure 3 in the revised
version) and added definition for the error bars and asterisk symbol in Lines 319-320.

4. Figure 4: Please remove this figure which shows only a specific equipment and contains commercial
information.

Response:

In agreement with this comment, we have removed “Figure 4: Example High Throughput Micro Well
Image Cytometer”.

5. Figure 5A: Please include a scale bar for all images taken with a microscope to provide context to the
magnification used. Define the scale in the appropriate figure Legend.
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Response:

Thank you for bringing our notice to this error! We have added scale bars to this figure and defined the
scale in the figure legend (Lines 328-329).

6. Please spell out each abbreviation the first time it is used.
Response:

We have thoroughly checked and described the abbreviations missed before (for instance, in Lines 41-
42, 45-46, 69, 103, 107-108, 112, and few more).

7. Please use Sl abbreviations for all units: L, mL, uL, h, min, s, etc.
Response:

We have changed all the units to Sl as per the editor’s suggestion.

8. Please include a space between all numbers and their corresponding units: 15 mL, 37 °C, 60 s; etc.
Response:

Thank you for calling our attention to this detail. We have made necessary changes in the text following
this comment.

9. 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, dashes,
or indentations.

Response:

We have changed the numbering in the Protocol to match the JoVE style.

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

Response:

We have made sure to remove all the personal pronouns in the revised protocol.

11. Please revise the protocol to contain only action items that direct the reader to do something (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.” Please include all safety procedures and use of hoods, etc. Please move the discussion about the
protocol to the Discussion.



Response:

We thank the editor for pointing out these errors. We have made the recommended changes in the
protocol ensuring use of imperative tense throughout the protocol. We have included safety instructions
within the steps or as notes (for eg.- Lines 222-224, 250-252). We have moved the statement in the lines
129-131 in the previous version to the discussion (Lines 341-343 in the revised version).

12. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used
to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text
that provides details about how to perform a particular step should either be included in the step itself or
added as a sub-step. Please consider moving some of the notes about the protocol to the discussion
section.

Response:

We are sorry for mistakenly overlooking these guidelines. Following the editor’s suggestion, we have
edited the Notes in lines 138-141 and 149-151 (previous version) and merged it with current step 2.1 and
2.2 respectively (Lines 136-140 and 143-146 in the revised version). We have modified the Note in lines
208-209 (previous version) and elaborated this part in Step 5.2 to 5.8 (Lines 225-236 in the revised
version).

We have moved the following Notes to the Discussion:

Lines 142-145 (previous version) - Lines 347-352 (revised version)
Lines 202-204 (previous version) - Lines 358-361 (revised version)
Lines 217-219 (previous version) - Lines 365-368 (revised version)

Lines 230-231 (previous version) - Lines 376-379 (revised version)

13. Lines 123-131: It is unclear as to whether these design steps can be visualized. Please consider
unhighlighting these.

Response:

We understand editor’s concern, but wish to keep these design steps for the video as these are very crucial
for the success of this experiment. We added additional figure as Figure 2 that shows tissue and cell
specific transcription starting site of Parkinson disease protein 7 (PARK7) mRNA in Lines 127-128. We
explained how we design BD using the information of transcription starting site inspecific cell in the figure
2 legend (Lines 303-314). We believe that integration of these steps in the video will be informative for
the users..

14. Please add more details to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure
you answer the “how” question, i.e., how is the step performed? Alternatively, add references to
published material specifying how to perform the protocol action.



Response:

We apologize for missing the details of some of the steps and thank the editor for drawing our attention
to this. In the light of this comment, we have carefully checked the protocol and extensively revised the
steps involved in protein concentration check (Step 3.4- Lines 162-180), SDS-PAGE (Lines 193-195, 210-
214), RNA extraction and DNase treatment (Step 5- Lines 216-236), cDNA synthesis and qRT-PCR (Step 6-
Lines 238-264), and imaging analysis (Step 7- Lines 266-278).

15. Lines 132-133, 207-213, 226-229: Please ensure that the protocol here can stand alone. As currently
written, users must refer to elsewhere in order to complete this protocol.

Response:

Lines 132-133 referred to custom synthesis of user-designed SINEUP expression vectors. As synthetic
SINEUP technology is part of the filed and granted patents [Functional nucleic acid molecule and use
thereof; US9353370B2, EP2691522A4 and JP2017169573A], and Cell Guidance systems Ltd. in UK and KK
Dnaform in Japan have commercial license, we have referred these companies in the Table of Materials.
We have modified and added the custom order information in Line 131. We would like to show the
SINEUPs ordering web page of Cell Guidance systems Ltd. in the video.

In case of lines 207-213 (RNA extraction, DNase treatment, and cDNA synthesis part), and 226-229
(Imaging analysis), we have added more details to the protocol to make it more comprehensive and user-
friendly. Please refer to Lines 216-252 (Step 5 and 6) and 266-278 (Step 7) in the revised version.

16. Lines 147-148: What volume of transfection reagent is used? Please specify the incubation
temperature.

Response:

We have addressed this comment in Lines 141-143 as “After 24 h, transfect 4 pg of SINEUPs for a 6 well-
plate or 800 ng of SINEUPs for a 24 well-plate with transfection reagent (10 pL in 6 well-plate and 3 pL in
24 well-plate) (see Table of Materials), and incubate at 37 °Cin a 0.5 % CO: incubator for 24 h”.

17. Line 167: Please describe how to check protein concentration.
Response:

We are sorry for the insufficient explanation in this part. We have added the description of protein
concentration check protocol in Step 3.4 (from Lines 162-180).

18. Lines 186-190: Please describe how hybridization is done.
Response:

The hybridization protocol is already stated in these lines. Our explanation might be confusing, so we have
slightly rephrased this in Lines 196-200 as-



“In the case of SINEUP-GFP, hybridize the protein with anti-GFP antibody (diluted 1:2000 in blocking
solution) (see Table of Materials) by incubating the membrane for 30 min with shaking at room
temperature. As an internal control protein, detect B-actin protein by hybridizing with Anti-B-Actin
antibody (diluted 1:2000 in blocking solution) (see Table of Materials) for 30 min with shaking at room
temperature.”

19. Line 191: What volume of TBST buffer is used to wash?
Response:

We have modified the phrase as “Add 1 X TBST buffer (137 mM NaCl, 20 mM Tris-HCI (pH 7.6), 0.1 %
Tween-20) to the container until the membrane is completely soaked and wash for 5 min at room
temperature. Repeat the wash step two more times (a total of three washes).” in Lines 201-203.

20. Line 200-201: Please add more details here.
Response:

We have modified this part in Step 4.9 (Lines 210-214) as “Mix equal volume of HRP-Enhanced Chemi
Luminescence (ECL) detection reagent 1 and 2 (see Table of Materials). Transfer the membrane to 2 mL
ECL reagent mix, cover the box with aluminum foil and let it incubate for 1-2 min at room temperature.
Carefully remove the membrane from ECL reagent mix and expose using a luminescence imaging
instrument.”

21. Please ensure that conditions and primers are listed all PCR procedures.
Response:

We are sorry for not being clear about some of the PCR conditions and primer details. We have now
mentioned the details of cDNA synthesis and qRT-PCR in Step 6 (Lines 238-264).

22. Please include single-line spaces between all paragraphs, headings, steps, etc.
Response:

We have formatted the text to include single-line spacing where needed.

23. After you have made all the recommended changes to your protocol (listed above), 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.

Response:

We have revised the protocol and highlighted the Steps 1, 2, 3, 4, and 7 which we find crucial to convey
the message of this protocol and suitable for the video.



24. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part
of the step includes at least one action that is written in imperative tense.

Response:

We have made changes in the highlighted part as per the suggestion.

25. Please include all relevant details that are required to perform the step in the highlighting. For
example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps
2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.

Response:

Following the editor’'s comment, this time we have paid close attention to highlighting and made sure that
it fits JOVE guidelines.

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

Response:

We thank the editor for this comment. As per the suggestion, we have extensively revised the Discussion
to cover the following topics with proper citations:

a) Critical steps within the protocol

We have addressed this from Lines 340-368 as “Designhing an optimum BD is crucial to ensure SINEUP
specificity and potency (extent of protein up-regulation). Previously, we screened 17 BDs of SINEUP-GFP
by Western-blot analysis'®> and found that the optimum BD overlaps the AUG-KOZAK sequence of GFP
mRNA, though it may not be the case with other mRNAs and should be verified for each case. Another
independent group also screened the BD using a different method3. As screening many BDs can be quite
time-consuming and cumbersome, we introduced a high-throughput SINEUP detection method here. This
method measures relative changes in GFP integrated density in SINEUP transfected-cells compared to the
control vector transfected-cells. To ensure that cells in a particular well of a culture plate are transfected
equally and GFP signal is not concentrated to only a certain region of the well, it is very important to
distribute the cells equally in the wells in step 2.1. For this purpose, gently shake the plate 10 times back
and forth () after seeding the cells inside a clean bench and repeat in the 5 % CO, incubator before
starting the incubation.

Another critical step is the calculation of protein concentration in step 3.4. Miscalculations here can lead
to the loading of an erroneous amount of protein during Western-blot analysis, consequently preventing
detection of small changes in protein expression by some of the weak SINEUPs or generating false



positives from overloading. It is recommended to freshly prepare the protein standard curve every time,
making sure that equal amounts of standards and protein samples are measured in step 3.4.3. The
protocol described here focuses on SINEUP-GFP, however Western-blot analysis can be used for any
target mRNA of interest. The incubation time and concentration of antibodies should be optimized for
each target to get the best result.

One of the unique features of SINEUPs is that target-mRNA expression level remains unaffected. It is
important to treat RNA with DNase to avoid detection of transfected SINEUPs and genomic DNA by gRT-
PCR. SINEUP RNA and target mRNA expression should be measured by gRT-PCR to confirm the success of
both transfection and SINEUP activity. SINEUPs contain a SINE sequence, which is abundant throughout
both the human and mouse genomes. To avoid non-specific detection of SINE sequences, it is not
recommended to design qRT-PCR primers to the SINE sequence.”

b) Any modifications and troubleshooting of the technique

We have covered this part in Lines 369-379 as “In this protocol we used human cell lines, but SINEUPs are
efficacious in a number of cell lines from several different species'?4181% The cell culture and transfection
conditions can be modified according to different cell lines as long as these maintain transfection
efficiency of the SINEUP vectors. Moreover, alternative methods of RNA extraction, cDNA synthesis and
protein concentration checking can be employed, given that they preserve the required RNA and protein
quality for gRT-PCR and Western-blot analysis. While we used a specific high-throughput micro-well
cytometer, which enabled detection of GFP fluorescence across the entire well, other cytometers with a
similar detection range can be used®!. It is to be noted that if the distribution of cells and transfection is
equal throughout a well then it is not necessary to scan the whole well for GFP fluorescence: half or one-
guarter of the area of a well might be enough to discern SINEUP effect depending on experimental skills.”

c) Any limitations of the technique

We have addressed this topic from Lines 403-406 stating- “A limitation of this high-throughput protocol
is that it is not suitable to screen BDs of SINEUPs in in vivo mouse models because the protocol measures
the GFP integrated intensity only. As SINEUPs are natural antisense IncRNAs that act post-
transcriptionally, they cannot be applied when the target mRNA is missing in the cells or tissue samples.”

d) The significance with respect to existing methods

We have discussed this topic from Lines 390-402 as “This screening protocol is very fast. We do not need
to fix and collect cells, but just need to place the living cell culture plate in the imaging instrument. We
propose to use this high-throughput screening protocol to select optimum BDs of SINEUPs, and evaluate
potential candidates by Western-blot analysis. Thus, selected candidates with optimum BDs can be
applied to increase antibody production!®192%, Currently, the RNA therapeutic field is dramatically growing.
For instance, siRNA, ASO, mRNA and CRISPR RNA therapies, are widely employed to control mRNA
expression of their respective targets®2. In this context, SINEUPs are in their infancy, but so far none of
the studied SINEUPs changed expression of target mRNAs. In addition, SINEUPs do not edit target mRNA,



but only up-regulate translation of mRNA. Furthermore, loss-of-function diseases resulting from
haploinsufficiency can be targeted by SINEUP therapy, achieving a 2-fold induction of the deficient
protein’33, Although off-target effects need to be further studied, SINEUPs potentially and specifically
target a single, expressed mRNA with a complementary sequence to the BD.”

e) Any future applications of the technique

We have discussed future applications of SINEUPs in Lines 380-389 as “Establishing a high-throughput
SINEUP detection protocol allows for simultaneous screening of multiple BDs targeting a given mRNA in
cultured cells. This is important as the rules governing optimum targeting by the BD are still unclear. Such
a multiplex screening system allows for large-scale testing of many SINEUPs against different genes, useful
for targeting multiple genes involved in a particular signaling pathway for instance. Furthermore, it can
be utilized to expand the search for effective SINEUPs targeting several mRNAs, designing different
SINEUP BDs around AUG-Kozak region (see Figure 1), co-transfecting full length target mRNAs (5’ UTR-
CDS-3' UTR) fused with GFP mRNA in cultured cells to find the optimum SINEUPs, and subsequently testing
BD candidates against endogenous mRNA in cultured cells and in vivo model animals, from humans and
mice to other animal and plant species.”

In addition, we summarized the applications in Lines 407-409 as “Nevertheless, SINEUPs can be applied
to gain-of-function studies, to enhance antibody production, and as an RNA therapy to up-regulate
expression of deficient proteins within the range of 1.5- to 3.0-fold.”

27. References: Please do not abbreviate journal titles.
Response:

We have modified references to include full journal titles.

28. Table of Equipment and Materials: Please remove trademark (™) and registered (®) symbols. Please
provide lot numbers and RRIDs of antibodies, if available.

Response:

We have edited the Table of Materials to accommodate the recommended changes.
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Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript reports a suitable strategy for selection of optimal SINEUP
RNAs from a collection of sequences encompassing translation start sites,
using, as a reporter, the EGFP protein. The manuscript is well written and

some limitations and caveats are properly discussed.

Response:
We are thankful to Reviewer #1 for reviewing our manuscript and appreciate

the positive feedback.

Reviewer #2:

Manuscript Summary:

This is a very clear and nicely written manuscript reporting a method to
enhance protein expression from mRNAs. As the authors rightly point out,
this method is unique in that it exploit synthetic antisense RNAs known as
SINEUPs to enhance protein expression at a posttranscriptional level rather
than alter transcription or stability of the target mRNAs. SINEUPs are
bipartite long non coding RNAs containing a 5' binding domain
complementary to the target mRNA and a 3' effector domain comprised of an
inverted SINE repeat that positively regulate mRNA translation. Several
papers have been published showing the feasibility and potential of this
technology. This method offers a complementary approach to commonly used
antisense-RNAs methods designed to silence genes at transcriptional or post-
transcriptional levels, and an effective alternative to transgenesis for the
overexpression of genes. As outlined by the authors, the method has clear
translational potential for example in promoting antibodies production or

correcting haploinsufficiency in loss of function diseases.

One of the critical parameters for the method to work accurately and with

minimal off-target effects is the design of the binding domain of the SINEUP.
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This article describe an in vitro high-throughput method for the identification
of the best sequence for SINEUP synthesis that allows to determine the most

effective sequences for further in vivo testing.

Major Concerns:

No concerns

Minor Concerns:

No concerns

Response:

We thank reviewer #2 for accepting our manuscript with positive comments.
We completely agree with the comments about the critical parameters of the
methods and off-target effects of the designed BDs of SINEUPs. As mentioned
in the manuscript and highlighted by reviewer #2, we should carefully check
off-target effects of optimum SINEUP BDs by comprehensive screening of
other transcripts and proteins by RNA-seq and ribosome profiling methods,
however discussion of these methods are beyond the scope of this

manuscript.

Reviewer #3:

Manuscript Summary:

This article mainly focused on the method of using Micro-well Image
Cytometer to screen functional SINEUP sequence for further usage. In all, the
abstract and research logic is very confusing and some important data is
missing. Besides, some important references which reported the similar

method should be cited.

Response:
We thank the reviewer for reviewing our manuscript and appreciate the
constructive criticism. We are sorry if our explanation led to any confusion

and dissatisfaction.



Major Concerns:
1. The abstract contains too many description about the advantages of
SINEUP technology. However, only one sentence has correlation with the

research in this article.

Response:

With all due respect, we believe that all the “advantages” of SINEUPs
technologies stated in the abstract, such as, positive control of target-specific
translation post-transcriptionally within the range of 1.5 to 3.0 fold and high-
throughput detection are sufficiently discussed in this article with relevant
results (Figure 3 and 5).

We assume that the reviewer is referring to the SINEUPs “applications”
mentioned in the lines 51-57 (revised version). We agree that we described
several applications here for the readers’ interest, but did not go into detail
for every one of them. However, as this is a methodological paper, we
focused mainly on the basic SINEUPs technology and demonstrated its
application with the example of SINEUP-GFP, the protocol stated here can be
employed to achieve many of the SINEUPs applications with no or small
modifications based on the goal. Moreover, as it is beyond the current
objective to discuss various SINEUPs research results, we have cited two
original research articles for natural SINEUPs (Carrieri et al., Nature 2012 and
Schein et al., Sci. Rep. 2016) in lines 75 and 82, and also referred to detailed
studies covering various applications in lines 84, 93, 100, 102 (Reference no.
12-15, 17-19, 21).

We have also discussed SINEUPs limitations in lines 403-406 as-

“A limitation of this high-throughput protocol is that it is not suitable to
screen BDs of SINEUPs in in vivo mouse models because the protocol
measures the GFP integrated intensity only. As SINEUPs are natural antisense
IncRNAs that act post-transcriptionally, they cannot be applied when the

target mRNA is missing in the cells or tissue samples.”

2. (Yao et al., Nucleic acids research, 2015, 43(9): e58-e58.) and (Long H et
al., Biotechnology letters, 2017, 39(2): 179-188.) reported a similar



technology named RNAe with same design rule and function. These related

works should be cited in reference.

Response:

We are sorry for missing these citations. Following the reviewer’s comment,
we have added these citations in lines 344 and 376 (Reference 31- Yao et al.,
Nucleic acids research, 2015), and in line 400 (Reference 33- Long H et al.,

Biotechnology letters, 2017).

3. The author performed the research to select different designs of SINEUP,
but they didn't give neither experimental evidence nor speculation that
different BDs will affect SINEUP efficiency. Besides, (Yao et al., Nucleic acids
research, 2015, 43(9): e58-e58.) had already performed that alternating the
BD sequence will lead to efficiency change of SINEUP, which seemed to be

ignore by the author.

Response:

We believe that we stated BD-dependent efficiency changes of SINEUPs in
lines 280-282 (first submission version) as “we screened 17 BDs of SINEUP-
GFP by Western blot analysis and found that the optimum BD overlaps the
AUG-KOZAK sequence of GFP mRNA” and cited Takahashi et al., PLOSONE
2018 (line 281 in first submission version) for further experimental details.
We thank the reviewer for notifying us about Yao et al., NAR 2015. We have
now cited this study (Reference 31) in line 344 (revised version) in context
of- “Another independent group also screened the BD using a different
method31.”

We have also referred to this study in line 376 (revised version) with context
of- “While we used a specific high-throughput micro-well cytometer, which
enabled detection of GFP fluorescence across the entire well, other

cytometers with a similar detection range can be used3!.”

4. The result in Figure 5 is very confusing. The author didn't give any

information of what sequence they use, but the enhancement ratio is



different compared to the result in Figure 3. More details about the

experiment should be added.

Response:

We are sorry for any confusing explanation. We have described here SINEUP-
GFP as the optimum BD, which is one of the candidate SINEUP BDs in our
screening from Takahashi et al., PLOSONE 2018. We addressed the comment
with details in lines 290-295 (revised version) as “Having demonstrated that
SINEUP-GFP increases GFP translation, we detected GFP integrated intensity
by the image cytometer. The optimum BD of SINEUP-GFP induced a 1.4-fold
increase in GFP protein expression. Although we observed compression of
signals from 2.6-fold (Western-blot analysis, see Figure 3A) to 1.4-fold
(Imaging analysis, see Figure 5), the difference might be due to the
calibration of the imaging instrument software.”

In addition, we cited Takahashi et al., PLOSONE 2018 in Figure 3 and 5

legends (Lines 321 and 332 in the revised version).

5. The author speculated fusing target protein with GFP can help to screen
functional SINEUP, but more useful details should be discussed. Besides, the

discussion of in vivo screening should be simplified.

Response:

We thank the reviewer for this comment. To address this, we have removed
lines 291-292 (first submission version) and added more details regarding
GFP-fused target mRNA screening approach in lines 384-389 (revised version)
as-

“Furthermore, it can be utilized to expand the search for effective SINEUPs
targeting several mRNAs, designing different SINEUP BDs around AUG-Kozak
region (see Figure 1), co-transfecting full length target mRNAs (5' UTR-CDS-3’
UTR) fused with GFP mRNA in cultured cells to find the optimum SINEUPs, and
subsequently testing BD candidates against endogenous mRNA in cultured
cells and in vivo model animals, from humans and mice to other animal and

plant species.”



In agreement with the reviewer’s comment about the in vivo screening, we
have removed the statements in lines 309-315 (first submission version) for

the sake of simplicity.
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