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22 SUMMARY:
23  Here we present a protocol to develop a dominant-negative inducible system, in which any
24 protein can be conditionally inactivated by reversibly overexpressing a dominant-negative
25 mutant version of it.
26
27  ABSTRACT:
28 Dominant-negative (DN) protein inhibition is a powerful method to manipulate protein function
29 and offers several advantages over other genome-based approaches. For example, although
30 chimeric and Cre-LoxP targeting strategies have been widely used, the intrinsic limitations of
31 these strategies (i.e., leaky promoter activity, mosaic Cre expression, etc.) have significantly
32  restricted their application. Moreover, a complete deletion of many endogenous genes is
33  embryonically lethal, making it impossible to study gene function in postnatal life. To address
34  these challenges, we have made significant changes to an early genetic engineering protocol
35 and combined a short (transgenic) version of the Rb1 gene with a lysosomal protease
36  procathepsin B (CB), to generate a DN mouse model of Rb1 (CBRb). Due to the presence of a
37  lysosomal protease, the entire CB-RB1 fusion protein and its interacting complex are routed for
38 proteasome-mediated degradation. Moreover, the presence of a tetracycline inducer (rtTA)
39 element in the transgenic construct enables an inducible and reversible regulation of the RB1
40 protein. The presence of a ubiquitous ROSA-CAG promoter in the CBRb mouse model makes it a
41  useful tool to carry out transient and reversible Rb1 gene ablation and provide researchers a
42  resource for understanding its activity in virtually any cell type where RB1 is expressed.
43
44  INTRODUCTION:
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Most approaches aiming at the gene and protein ablations rely on permanent processes, which
generally lead to the complete elimination or truncation of the gene, RNA sequences, or
protein of interest (POI). The overall goal of this method is to engineer a recombinant protein
to abolish the function of endogenous, wild-type protein. We have revisited and revamped an
alternative strategy’?, which allows for the temporary ablation of a POl through DN inhibition.
This method works for both multimeric and monomeric peptides but is best suited for proteins
that function in a multimeric assembly.

The method consists of fusing the lysosomal protease CB to a subunit of a multimeric POI (CB
fusion complex). The resultant CB fusion complex can interact with and proteolytically digest
the endogenous protein or divert the entire CB-POI complex to the lysosome to be degraded?.
Moreover, a combination of the CB fusion complex with the inducible nature of the
tetracycline-controlled transcriptional activation (TetO) system allows for an inducible and
controlled expression of the transgene in a reversible fashion?. Although useful in many
circumstances, the complete deletion of genes or proteins in vivo can result in lethality*®.
Likewise, tissue-specific, conditional deletion of some genes or proteins using the Cre/Lox
system may not be straightforward, as it will, ultimately, lead to the permanent loss of critical
genomic elements’. Therefore, depending on the gene or POI, neither of these approaches will
be effective in providing a useful model for subsequent studies, particularly genes’ or proteins’
functional studies in late postnatal and adult mice.

To circumvent the problems associated with such approaches and provide proof-of-principle on
the effectiveness of the proposed method, we have chosen to test the method presented here
by generating a conditional DN version of the Retinoblastoma 1 (RB1) protein. Several options
have been proposed®1° to abolish the function of endogenous RB1; however, all of them faced
some of the same limitations discussed above: permanent germline deletion of RB1 is
embryonically lethal, and, consistent with its tumor suppressor role, permanent RB1
conditional deletion leads to a variety of tumors!’. Even though a DN version of RB1 does not
seem to occur naturally, a better alternative to the currently available strategies should allow
for a temporally controlled inactivation of the endogenous RB1 and provide an alternative
mechanism to eventually restore its function. The basis for such a construct was described over
two decades ago®. However, due to technological limitations, it lacked a mechanism to control
transgene activation, response, and tissue specificity. This study is the first to combine the
elegance of the doxycycline (Dox)-dependent transcriptional system with an engineered
transgenic construct of lysosomal protease CB and Rb1 proteins. The resulting CBRb mouse
model allows for a temporarily regulated Dox-mediated RB1 regulation?. The advantage of
using such a proteome-based approach to study gene function is that it can be adopted for any
gene of interest, with minimal information on its activity.

The proposed DN transgene strategy offers many advantages over traditional approaches. First,
DN protein inhibition leads to only a partial ablation in protein activity, thus preserving a
residual endogenous expression. Such an outcome is highly desirable in situations where a
complete elimination of protein activity leads to embryonic lethality, greatly limiting any
investigation to study gene function in a live mouse. Second, the presence of the TetO system
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enables transgene activation only in the presence of an antibiotic, which allows for an efficient
and reversible control of the transgene activity. Thus, by ceasing the antibiotic administration,
the transgenic system can be deactivated, and a normal RB1 expression is back in place. Third,
the specificity of the transgene expression can vary depending on the promoter of choice.
While we have chosen the ubiquitous ROSA-CAG promoter for proof-of-principle, placing the
transgene under a tissue-specific promoter is likely to restrict unwanted transgene expression
and facilitate studies on the therapeutic application of this transgene methodology.

PROTOCOL:

Generation of the transgenic CBRb mouse and all animal care and experiments associated with
the study were approved by the Creighton University Institutional Animal Care and Use
Committee (IACUC) and performed by their guidelines.

1. Transgenic CB-Mycs-Rb1 Construct

Note: The cloning of CBRb into a pTet_Splice vector was done in a multi-step process (Figures
1A and 1B).

1.1. Perform the first stage cloning into the pCS2+CB-Myc6 vector.

1.1.1. To create the CBRb transgene construct, amplify a 1583-bp-long Rb1 cDNA fragment (528
amino acids corresponding to the amino acid region 369 - 896) of the RB1 protein using the
following primer set: for EcoRI+RB 1243F, use
GGGGAATTCATTAAATTCAGCAAGTGATCAACCTTC, and for Xbal+EcoRV+RB 2826R, use
CCCTCTAGATATCTATTTGGACTCTCCTGGGAGATGTTTACTTCC.

1.1.2. Clone the fragment generated (1546 bp) between the EcoR1 and Xbal restriction sites of
the pCS2+CB-Myc6 vector as previously described®!2,

Note: The 1012-bp-long CB-Myc6 construct (337 amino acids) fused to the Rb1 fragment
resulted in a protein of approximately 865 amino acids (about 108 kDa), which is slightly smaller
than the endogenous RB1 protein (~110 kDa) (Figure 1A), with a CB-Mycs tag at the N-terminus
and Rb1 at the C-terminus.

1.2. Perform the second stage subcloning into the pTet-Splice vector.
1.2.1. To amplify the CB-RB-Myc6 fusion fragment and to gain the Tet-promoter, amplify the
cassette, consisting of the CB-myc6-Rb1 using primers containing the EcoRV (Xbal+EcoRV+RB

2826R) and Sall sites: for Sall+CBF, use CCAGTCGACAGGATGTGGTGGTCCTTGATCCTTC.

1.2.2. Subclone the fragment generated (2567 bp) into the pTet-Splice vector, between the Sall
and EcoRV restriction sites, in such a way that the entire TetO-DN-CB-myc6-Rb1 transgene,



132  including the SV40 intron and the PolyA signal, can be isolated through a single digestion with
133 Notl (Figure 1B).

134

135 Note: The Notl fragment was used to generate the transgenic funders.

136

137 2. In Vitro Testing of the TetO-DN-CB-myc6-Rb1 Transgene

138

139  2.1. Dox-regulation: NIH3T3 cell line

140

141  Note: Unless otherwise stated, all volumes have been adjusted for a 6-well plate.

142

143 2.1.1. Grow NIH3T3 cells following the vendor’s specifications, using the recommended cell
144  culture media containing 10% fetal bovine serum at 37 °C with 10% CO,.

145

146  2.1.2. Cotransfect the cells with pTet-Splice and pCMV-Tet3G vectors (from step 1) for 24 h.
147  Follow the steps mentioned below for cotransfection.

148

149  2.1.2.1. Mix 2 - 4 uL of the lipid-based transfection reagent/well and 1 mL of incomplete

150  (without serum) Dulbecco’s Modified Eagle Medium (DMEM) for 5 min at room temperature.
151  For a 12- or 24-well plate, use 250 or 500 pL of culture media, respectively, and adjust the
152  transfection reagent volume accordingly.

153

154  2.1.2.2. Add 2 - 3 ug of plasmid DNA/well to the transfection reagent-DMEM and incubate for
155 20 min at room temperature.

156

157  2.1.2.3. Add the mix containing DNA and the transfection reagent in DMEM to each well. After
158 3 -4 h of incubation, add 1 mL of complete media (so that the final volume is 2 mL/well). Keep
159 aliquots of Dox stock (1 mg/mL) and add 2 pL in each of the wells (+ Dox). Incubate the cells at
160 37 °C with 5% CO,.

161

162  Note: Control samples should consist of cotransfected cells not treated with Dox (- Dox), as well
163  as NIH3T3 cells transfected only with the transactivator pCMV-Tet3G vector and treated with
164  Dox for a 24-h period. For pCMV-Tet3G, concentrations of 0.1 - 1 ug/mL Dox should be

165 sufficient to induce the transgene expression.

166

167  2.2. Test the reversibility of the construct using the HEK293 cell line.

168

169  2.2.1.To test the reversibility of the TetO-DN-CB-myc6-Rb1 transgene, culture HEK293 cells in
170  Eagle’s Minimum Essential Medium (EMEM) following the vendor’s specifications and

171  cotransfect with both pTet-Splice and pCMV-Tet3G vectors for 24 h, as described above (step
172 2.1.2).

173

174  2.2.2. For the transgene inactivation, remove the Dox-containing media after 24 h, wash the
175  cells 2x - 3x with phosphate buffered saline (PBS) and incubate them in Dox-free media for an
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additional 24 h.

Note: Upon Dox-removal, the transgene inactivation and regular protein expression should be
resumed within that 24-h period.

2.3. To assess the functionality of the TetO-DN-CB-myc6-Rb1 construct in promoting
unscheduled cell proliferation, perform the functional analyses using an HEI-OC1 cell line, as
described below.

2.3.1. Culture HEI-OC1 cells in 10% DMEM under permissive conditions (33 °C with 10% CO).
For cell proliferation studies, count the cells using a cell counter, and plate 10,000 HEI-OC1 cells
on a 96-well plate in a 200-pL volume. Incubate the cells overnight.

2.3.2. On the following day, perform a transient cotransfection of pTet-Splice and pCMV-Tet3G
vectors using a lipid-based transfection reagent (see steps 2.1.2). In a separate well, perform
pmR-ZsGreenl transfection at 2-ug using the lipid-based transfection reagent (steps 2.1.2) to
calculate the transfection rate. Use non-transfected cells as controls.

2.3.3. Detect the presence of green fluorescence under a fluorescence microscope (excitation =
485 nm, emission = 530 nm) for the transfected cells 24 h after transfection. Record the
presence or absence of green fluorescence and calculate the rate of transfection as the total
number of GFP-positive cells (transfected cells) over the cells labeled with DAPI (total cells).

Note: We estimated a transfection rate of ~70%.

2.3.4. To induce transgene expression, add 1 ug/mL Dox to a subset of transfected cells while
using the other subset as control (-Dox). Use untreated HEI-OC1 cells as additional controls.

2.3.5. To assess cell proliferation, use a cell proliferation kit according to the manufacturer’s
protocol.

2.3.5.1. In brief, 48 h after transfection, remove the cell culture medium and add 100 pL of 1x
dye-binding solution to each well of the microplate. Incubate for 1 h at 37 °C.

2.3.5.2. Thereafter, measure the fluorescence intensity of each sample using a fluorescence
microplate reader (excitation = 485 nm, emission = 530 nm).

2.3.6. To further assess cell proliferation using immunocytochemistry, plate the HEI-OC1 cells
on a cover glass in a 12-well plate and incubate overnight at 37 °C.

2.3.6.1. On the following day, cotransfect with the pTet-Splice and pCMV-Tet3G and perform
the Dox treatment (+ Dox). Use untransfected cells as controls. Process HEI-OC1 cells for Ki-67
labeling.
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2.3.6.2. Fix the cells with 4% paraformaldehyde (PFA) in PBS, pH 7.4, for 10 min at room
temperature. Wash the cells 3x with ice-cold PBS and incubate the cells in 0.25% non-ionic
detergent in PBS for 10 min.

2.3.6.3. Wash the cells again, 3x in PBS for 5 min, and block using 10% serum in a humidified
chamber for 1 h at room temperature.

2.3.6.4. Incubate the cells in 500 uL of Ki-67 primary antibody (1:200 dilution) for 3 h at room
temperature or overnight at 4 °C.

2.3.6.5. Wash the cells 3x for 5 min with PBS. After that, incubate the cells with the secondary
antibody for 1 h at room temperature in the dark.

2.3.6.6. Remove the secondary antibody solution and wash the cells 3x with PBS for 5 min each
in the dark.

2.3.6.7. For phalloidin labeling, incubate the HEI-OC1 cells in 1:200 phalloidin for 30 min. To
label the nuclei of cells, incubate the cells with 5 pg/mL DAPI for 10 min at room temperature.

Note: Ensure that the phalloidin dye conjugate is different than the secondary antibody
conjugate.

3. Generation of CBRb*/ROSA-CAG-rtTA* (CBRb) Transgenic Mice and In Vivo Testing of the DN-
CBRb Approach

3.1. Upon confirmation of the effective Dox regulation of the TetO-DN-CB-myc6-Rb1 transgene,
purify the Notl fragment and microinject them into mouse zygotes, which are later transferred
into pseudo-pregnant females.

Note: These procedures were carried out at the University of Nebraska Medical Center (UNMC)
Mouse Genome Engineering Core Facility.

3.2. After delivery, genotype the pups using a primer set specific to the CB-Rb1 fusion region:
for CBRb F, use 5" CTGTGGCATTGAATCAGAAATTGTGGCTGG 3’, and for CBRB R, use 5’
GTACTTCTGCTATATGTGGCCATTACAACC 3.

Note: The PCR product size observed on agarose gel is 401 bp (60-bp CB region + 341-bp Rb1
region (Table 1). Ten independent founder lines were identified, based on the presence of the
TetO-DN-CB-myc6-Rb1 transgene. In five of these lines, progeny inherited the transgene, which
confirmed the germline transmission of the transgene. One of the transgenic lines was
ultimately used to establish and maintain the line and generate experimental TetO-DN-CB-
myc6-Rb1 animals for further studies.
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3.3. Breed adult TetO-DN-CB-myc6-Rb1 mice to the ROSA-CAG-rtTA tetracycline inducer line
(Stock #006965) (alternatively, breed to a tTA inducer line) to generate experimental DN-CBRb
mice. Genotype the offspring of this cross using the following primer set: for rtTA-WT R, use
GGAGCGGGAGAAATGGATATG; for rtTA Mutant R, use GCGAGGAGTTTGTCCTCAACC; and for
rtTA Common, use AAAGTCGCTCTGAGTTGTTAT. The PCR product sizes are 340 bp (mutant),
340 bp and 650 bp (heterozygote), and 650 bp (wild-type).

3.4. Generate a dose-response curve of the RB1 protein following the Dox treatment to
determine the time and length of the Dox treatment necessary to elicit a transgene expression.

Note: In this experiment, western blot and gRT-PCR were used to assess tissue-specific
transgene activation and RB1 expression.

3.5. Perform fluorescence in situ hybridization (FISH) to confirm the genomic insertion of the
transgene.

Note: This was carried out at the Centre for Applied Genomics of the Hospital for Sick Children
(Toronto, Canada). ELISA or western blotting (using protein-specific antibody) can be used to
assess transgene activation, tissue-specificity, and changes in the levels of the endogenous POI.
For the DN-CB-myc6-Rb1 construct, we used an anti-RB1 antibody.

REPRESENTATIVE RESULTS:

Generally, designing a DN mutation requires a considerable amount of information on the
structure and function of the POI. In contrast, the DN strategy presented here is particularly
useful when the structural and functional information for the POl is limited. If the POl is a
multimeric protein, a fusion of one subunit to a lysosomal protease can dominantly inhibit the
assembled multimer and, potentially, other ligands through a combination of proteolysis of the
endogenous subunits and subcellular diversion of the multimer to the lysosome. To confirm
successful cloning and test the effectiveness of Dox-regulated transgene activation, purified
pTet-Splice plasmid containing the TetO-DN-CB-myc6-Rb1 construct was transfected into
mouse NIH3T3 cells that stably expressed the rtTA protein, but not Rb1%3. In the absence of
Dox, cells expressing rtTA displayed no RB1 expression, whereas a robust RB1 expression was
observed in the presence of Dox (Figure 2A). Next, to test the reversibility of the system, we
cotransfected HEK293 cells (which endogenously express Rb14) with purified pTet-Splice/TetO-
DN-CB-myc6-Rb1 and the pCMV-Tet3G vectors. As expected, the expression of the endogenous
RB1 protein was significantly inhibited on transgene activation by the addition of Dox in the cell
culture media (Figure 2B). To test the reversibility of the system, following a 24-h period, in a
subset of HEK293 cells, we replaced the Dox-containing cell culture media with fresh Dox-free
media and incubated the cells for an additional 24 h. Supporting the Dox-regulated reversibility,
RB1 expression was restored upon Dox removal from the culture media (Figure 2B).
Transfected HEK293 cells that were not treated with Dox or Dox-treated HEK293 cells
transfected with the pCMV-Tet3G vector only (Figure 2B) showed basal levels of endogenous
RB1 expression. Because NIH3T3 cells do not express RB1 protein naturally, the positive RB1
reactivity is due to the accumulation of the transgenic RB1 protein. Given our interest in the
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potential proliferative effect of the TetO-DN-CB-myc6-Rb1 construct in the auditory system, we
measured the total DNA content in pTet-Splice/TetO-DN-CB-myc6-Rb1- and pCMV-Tet3G-
transfected HEI-OC1 cells (inner ear organ of a Corti-derived cell line) in the presence and
absence of Dox. Consistent with the working hypothesis presented here, a significant increase
in the DNA content (corresponding to an increase in cell number) was observed in Dox-treated
but not untreated (control) transfected HEI-OC1 cells (Figures 3A - 3C).

Following the in vitro confirmation of the transgene activity and function, a transgenic mouse
model was generated. FISH, using a TetO-DN-CB-myc6-Rb1 digoxigenin (DIG)-horse radish
peroxidase (HRP)/tyramine-biotin/avidin-Cy5-labeled probe, and G-banding of male mice
splenocytes and ear fibroblasts were performed to confirm the transgene insertion in the
transgenic mice genome. Among the five germline transmitting founders, line 14 showed a
consistent transgene insertion within segment 10C3~D2 (Figures 4A - 4C). Mice from this line
were used to establish the breeding colonies and generate experimental animals for further
studies. To determine the optimum time for the Dox induction and TetO-DN-CB-myc6-Rb1
transgene activation, we divided the transgenic mice into three different groups, wherein Dox
was administered in drinking water for variable lengths of time: Group 1 (3 days of treatment),
Group 2 (7 days of treatment), and Group 3 (10 days of treatment). Upon completion of the
treatment, changes in the RB1 protein expression were assessed by western blotting (Figures
5A - 5D). Because the DN and native RB1 proteins have similar molecular weights, they cannot
be resolved from each other on a western blot. However, consistent with an initial increase in
RB1 protein (due to the accumulation of DN-RB1 and endogenous proteins), there was an initial
increase in total RB1 protein expression in the transgenic mouse cochleae compared to the
control group (Figure 5A). Moreover, consistent with the inhibitory and proteolytic activity of
the TetO-DN-CB-myc6-Rb1 transgene product, a quantifiable reduction in RB1 expression was
observed in groups 2 and 3 compared to group 1 and control groups (Figures 5A - 5D). Of note,
treatment longer than 10 days did not result in any further change in RB1 protein expression.
Thus, 10 days of Dox treatment was considered optimal and used for further studies.

Because the rtTA and, consequently, TetO-DN-CB-myc6-Rb1 transgene activation are under the
ubiquitous ROSA-CAG promoter, RB1 could be potentially inhibited in any tissue or cell where
RB1 is endogenously expressed (e.g., lungs, heart, retina). To test this premise and evaluate the
transgene’s tissue specificity, cochleae, lungs, heart, and eye biopsies were dissected from
TetO-DN-CB-myc6-Rb1/ROSA-CAG-rtTA, and control mice (not carrying the ROSA-CAG-rtTA
transgene) were assessed for RB1 expression (Figures 6A - 6C). Regardless of the tissue
analyzed, a significant reduction in RB1 protein was observed in TetO-DN-CB-myc6-Rb1/ROSA-
CAG-rtTA but not in the control group (Figure 6A). In sharp contrast, gRT-PCR analyses in the
eye, heart, and cochleae of Dox-treated TetO-DN-CB-myc6-Rb1/ROSA-CAG-rtTA and age-
matched control mice showed a significant upregulation of the DN-CBRb transcript in the
tissues of the former but not the latter mice (Figure 6C). Altogether, these results confirm the
efficiency of the construct. An increase in transcript expression reflects the effective Dox-
regulated transgene induction. Likewise, a reduction in protein expression is consistent with the
routing and proteolytic degradation of the endogenous RB1.
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FIGURE LEGENDS:

Figure 1: Multi-step cloning of the CBRb and generation of the inducible TetO-DN-CB-myc6-
Rb1/ROSA-CAG-rtTA. (A) This panel shows the cloning of the Rb1 fragment into the pCS2-CB-
Mycé6 vector. A 1583-bp Rb1 gene product was PCR amplified using the EcoRI+RB1243 forward
and Xba+EcoRV+RB2826 reverse primers. The resulting Rb1 fragment was cloned between the
EcoR! and Xbal restriction sites of the pCS2 vector containing the CB-Myc6 construct to
generate the pCS2+CB-myc6+Rb1 vector. (B) The CB-myc6+Rb1 fragment was cloned into the
pTetSplice vector between the Sall and EcoRV restriction sites.

Figure 2: Effectiveness of the Dox-regulated transgene activation. (A) NIH3T3 cells do not
usually express RB1'3, Confirming the efficient activation of the TetO-DN-CB-myc6-Rb1
construct, a western blot analysis with the anti-RB1 antibody revealed a robust RB1 expression
in the presence of Dox (lanes 1 and 3), but not in its absence (lanes 2 and 4). (B) HEK293 cells,
which endogenously express Rb1%4, were cotransfected with TetO-DN-CB-myc6-Rb1 and the
pCMV-Tet3G transactivator vector. In the absence of Dox (lane 1), a positive RB1 expression
was observed. The addition of Dox to the system caused the TetO-DN-CB-myc6-Rb1 activation
and RB1 downregulation (lane 2). The RB1 expression was resumed 24 h after Dox was
removed from the media (lane 3). C = control, untransfected HEK293 cells not treated with Dox.
This is an adaptation from a figure originally published in the journal Frontiers in Cellular
Neuroscience?. Its reproduction agrees with Frontiers’ policy on authors’ copyright retention.

Figure 3: Dox-mediated DN-CBRb transgene activation increases cell proliferation. (A) HEI-OC1
cells cotransfected with purified TetO-DN-CB-myc6-Rb1, and the pCMV-Tet3G vectors were
cultured in the absence (-) or presence (+) of Dox. Cell proliferation was determined 48 h after
the transfection using a proliferation assay. The percentage change in proliferation was
calculated using a change in fluorescence values with untransfected cells as a control. A modest
but significant increase in cell number was observed in the transfected cells, following Dox
treatment. In contrast, no significant changes were observed between transfected HEI-OC1
cells not treated with (=) Dox and the untransfected control. (B) HEI-OC1 cells untransfected or
(C) cotransfected with purified TetO-DN-CB-myc6-Rb1 and the pCMV-Tet3G vectors cultured in
the presence (+) of Dox were labeled with Ki-67 (red), Phalloidin (green), and DAPI (blue). * P <
0.05. The scale bar = 10 um. This is an adaptation from a figure originally published in the
journal Frontiers in Cellular Neuroscience?. Its reproduction agrees with Frontiers’ policy on
authors’ copyright retention.

Figure 4: Fluorescent in situ hybridization (FISH) confirmation of the genomic insertion of the
TetO-DN-CB-myc6-Rb1 transgene. A pCS2-CBRb (digoxigenin probe/anti-DIG-HRP/tyramide-
biotin/avidin-Cy5, in red) test probe was hybridized to splenocytes and ear fibroblast cell
metaphase to see if the probe signal could be detected or not with a one-copy target insert size
of 2.5 kb. The pCS2-CBRb test probe hybridized to one chromosome 10 with bright, doublet
probe signals that showed the insertion of the TetO-DN-CB-myc6-Rb1 transgene within the
segment 10C3-D2. The RP23-267G24 (Spectrum Green) control probe hybridized to
chromosome 10 at band 10A1 as expected and confirmed that the CBRb DNA of interest
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inserted into chromosome 10. (A) This panel shows the G-band metaphase. (B) This panel
shows the tyramide signal amplification (TSA) FISH image from the same metaphase as shown
in panel A. (C) This panel shows composite images of chromosome 10 showing (1) G-banding,
(2) TSA FISH, and (3) TSA FISH with inverted DAPI banding. Red = pCS2-CBRb probe; blue = DAPI
banding; green = RP23-267G24 control probe. The scale bar = 10 um.

Figure 5: DN-CBRb transgene activation in the inner ear of postnatal (P) 36 TetO-DN-CB-myc6-
Rb1/ROSA-CAG-rtTA* (CBRb*) and ROSA-CAG-rtTA+ (CBRb™) mice after 3 (group 1), 7 (group
2), and 10 (group 3) days of Dox treatment. (A — C) Anti-RB1, which reacts with both
hyperphosphorylated and hypophosphorylated forms of RB1, as well as anti-c-myc antibodies
were used for detection. Densitometric analysis was done using ImageJ software. The
corresponding values obtained were normalized to the negative control CBRb™ (-) and then to B-
actin. The relative RB1 expression levels are shown underneath each blot. (D) The graphic
representation of normalized RB1 expression levels plotted against the different treatments
highlights a consistently lower RB1 detection in CBRb* (+) samples. Each lane on the western
blot gel and each column on the graphic correspond to a different individual. * P < 0.05. This
figure was originally published in the journal Frontiers in Cellular Neuroscience?. Its
reproduction agrees with Frontiers’ policy on authors’ copyright retention.

Figure 6: Spatial analyses of the TetO-DN-CB-myc6-Rb1/ROSA-CAG-rtTA transgene activation
in P18 TetO-DN-CB-myc6-Rb1/ROSA-CAG-rtTA* (+) and DN-CBRb*/ROSA-CAG-rtTA™ negative
control (-) mice heart, eye, lungs, and cochlea. (A) Confirming the efficiency of Dox-mediated
transgene activation, the expression of the endogenous RB1 was downregulated in the
CBRb*/ROSA-CAG-rtTA* tissues but not in the negative control mice tissues. Densitometric
analysis was performed as described in Figure 5. The relative RB1 expression levels are shown
underneath each blot. (B) This panel shows a graphic representation of normalized RB1
expression levels plotted against the different tissues. An interindividual variation on
endogenous RB1 levels may explain differences in individual responses to transgene activation
and RB1 downregulation. (C) RT-PCR analyses in eye, heart, and cochleae revealed a significant
upregulation of the TetO-DN-CB-myc6-Rb1/ROSA-CAG-rtTA transcript in Dox-treated TetO-DN-
CB-myc6-Rb1/ROSA-CAG-rtTA* tissues, but not in the DN-CBRb*/ROSA-CAG-rtTA negative
control group. CBRb*/rtTA* = TetO-DN-CB-myc6-Rb1/ROSA-CAG-rtTA*; CBRb™/rtTA* = ROSA-
CAG-rtTA*; * P < 0.05. This figure was originally published in the journal Frontiers in Cellular
Neuroscience?. Its reproduction agrees with Frontiers’ policy on authors’ copyright retention.

Table 1: PCR condition used for checking the CB-Rb1 fusion region.

DISCUSSION:

To circumvent the limitations associated with traditional transgenic strategies, we sought to
generate a mouse model in which an endogenous POI can be conditionally inactivated by
overexpressing a DN mutant form of it in a spatiotemporal manner. To abolish the function of
endogenous POls, several options have been proposed!>!’. We have modified an earlier
genetic strategy® by combining the Dox-dependent transcriptional system to a straightforward
strategy employing a fusion of the lysosomal protease CB to generate a mutant peptide whose
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expression affects the expression of the endogenous POI2. Most importantly, this technique
requires no prior knowledge of the pathway associated with the POI. The current strategy to
DN protein inhibition demonstrates that the lysosomal localization signal on the CBRb fusion
gene diverts the entire RB-interacting complex toward lysosome?3. Once inside lysosome,
proteolytic processing of these proteins is initiated, leading to their degradation3. The intrinsic
property of the CB-fused protein, associated with the reversible inducibility of the TetO system,
makes this a useful alternative to traditional transgenic strategies (e.g., complete gene
knockout, conditional deletion), particularly when the complete deletion of the gene of interest
is not desirable.

We initially focused the research on the RB1 protein. DN mutations are most easily described in
proteins that function as a dimer or multimers. To date, there is no evidence of a direct physical
interaction between RB1 molecules. Nonetheless, the inherent nature of its activity allows for
the presence of multiple RB1 molecules in the same complex at a given time. For example, the
binding of hypophosphorylated RB1 to the E2F1-DP heterodimer provides an additional binding
site, which is normally occupied by histone deacetylase (HDAC)#2°, On the other hand, HDAC1
physically interacts with RB1 and this complex, in turn, binds to the E2F1-DP-RB1 heterotrimer,
thus providing additional transcription repression®®. As per this approach, if at least one of the
RB1 molecules in the group is a DN mutant, it will prevent the complex from repressing
transcription, while it reduces the levels of endogenous RB1, thus eliciting an RB1-null
phenotype. Here, endogenous RB1 inhibition was observed 10 days after the administration of
Dox in drinking water. The optimal dose for Dox induction may, however, need to be
empirically determined for each system. Moreover, since most of the Rb1 gene sequence was
used on the construct makeup, it is possible that even in the absence of endogenous RB1, the
mutant RB1 can interact with and elicit the DN inhibition of any of the RB1’s binding partners.
This premise can be tested by assessing the expression level of known RB1-binding molecules.

Much-needed, finely regulated temporal and reversible protein inactivation will provide the
basis for the development of a wide variety of studies in an even wider number of research
fields searching to shed light on the complex biochemical mechanisms underlying the various
aspects of gene and protein activity. Depending on the POI, understanding its molecular
complexity is likely to improve researchers’ ability to design successful therapeutic strategies.
Increased transgene specificity can be achieved by breeding the DN mouse to tissue-specific
promoters driving either tTA or rtTA lines.
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Table

The PCR conditions were:
95 °C -2 min

95 °C - 30 sec

55 °C - 60 sec x 34
72 °C -1 min

72 °C - 10 min
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Name of Reagent/ Equipment

Dulbecco's Modified Eagle's Medium, DMEM
Minimum Essential Medium Eagle, MEME

Fetal bovine serum
Lipofectamine

Sal

EcoRV-HF

Notl

CaspaTag

DAPI

Staurosporine

CyQuant NF cell proliferation kit
Retinoblastoma 1 antibody
c-Myc antibody

b-actin

Ki-67

Phallodin

Fluorescence microplate reader
Epifluorescence microscope

The TetO-DN-CB-myc6-Rb1 (DN-CBRb) mouse line is available from the Jackson Laboratory as JAX#032011.

Company

GIBCO-BRL

Sigma

Sigma

DharmaFECT

Roche

New England BioLabs
Roche

Millipore

Sigma

Sigma

Invitrogen

Abcam

Sigma

Sigma

Thermofisher scientific
Thermofisher scientific

FLUOstar OPTIMA, BMG Labtech

NikonEclipse80i
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A12379

Comments/Description


http://www.editorialmanager.com/jove/download.aspx?id=885563&guid=0b9d1d73-f6b9-4932-92ee-7afdf3b573e1&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=885563&guid=0b9d1d73-f6b9-4932-92ee-7afdf3b573e1&scheme=1

L]

Click here to access/download;Author License Agreement
(ALA);ALA_New.pdf

' Author License Agreement (ALA)

HEALIANS k

o )
< hf?“%imrfv o)

v,.anﬂzV? }5%“(&1@9/7 mlzfuyw &’me&;, é)f”f'ﬁ'u»ﬁc?kz?}fa ”'":V:?'flf% »'vw‘){a,rnyﬂfiici"\(@el_)«
g 67 PO = ZZ:*?V&“ZX’?@'Z»? Lovyicn ad

Title of Article:

Author(s):

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

http://www.jove.com/fauthor) via: 75([ Standard Access L! Open Access

ftem 2 (check one box):

EX The Author is NOT a United States government employee.

x

i I The Author is a United States government employee and the Materials were prepared in the

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the fast
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained thereln; “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, fictionslization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformead,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, @ Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materlals” means the Article and / or the Video; "Parties”
means the Author and JoVE; "Video” means any video{s) made
by the Aulhor, alone or in conjunction with any other parties,
or by loVE or its affiliates or agents, individually or in
collaboration  with  the Author or any other parties,
incorporating all or any porticn of the Atticle, and in which the
Author may or may not appear.
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2. Buckground. 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 basad 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. Grantof Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby gramts ta 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 fimitation, 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 uthers 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 maodifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in ltem 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 RBights in Arnticde.  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 nhon-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Mights in Video ~ Standard Aceess, 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 Sectlon 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without Hmitation, 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, Grani of Rights in Video - Open Access. This Sectlon 6
applies only if the “Open Access” box has been checked in
ltem 1 above. In consideration of JoVE agreeing.to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Sectlon 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 hereaiter
developed (including without limitation in print, digital and
electronic form} throughout the world, (b} to translate the
Videa 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 {¢) 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 ali such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Ermplovers. I 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
erployee, as indicated in ltem 2 shove, 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 maximurn 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, Personsiity. The Author hereby grants
loVE the right to use the Author's name, volce, likeness,
picture, photograph, image, blography and performance in any
way, commerclal or otherwise, In connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warrantles. The Author represents and warrants
that the Article Is original, that it has hot been published, that
the copyright interest is owned by the Author {or, if more than
one author is llsted 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. f 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 exacute 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 contlhue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10, JoVE Discretion. |f 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 cornplete,
executed Articie and Video License Agreements from cach
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 Materlals, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11, ndemnifiestion. 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 reprasentations
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, Habilities 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
decantamination procedures shall be solely the responsibility
of the Author and shall be undertoken at the Author's
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expense. All Indemnifications provided herein shall include
JaVE'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
Materlals 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 a3 US$$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment Is
not recelved by the completion of filming, production and
publication of the Materials will be suspended until payment is
receijved.

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

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

CORRESPONDING AUTHOR:
Name; ;
Department:
Institution:

Article Title:

Signature:

Please submit a signer

i and dated copy of this license by one of the following three methods:

1} Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3} Mail the document to JoVE / Attn; JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or cali +1.617.945.8051




Response to editor's comments Click here to access/download;Rebuttal Letter;Response to
editorial comments-2.docx

Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain the same.

Author’s response — The authors have not made any changes to the manuscript format.

2. Please address all specific comments marked in the manuscript.

Author’s response — All the specific comments have been addressed, wherever possible in the
manuscript, and a track changed version is being uploaded. Authors’ responses have been added
alongside the editorial comments for clarity.

3. For the protocol section, please ensure that all text in the protocol section is written in the imperative
tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.).

Author’s response — The authors have edited the manuscript and made appropriate changes as
suggested.

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

Author’s response — The authors have edited the manuscript to make the suggested changes.

5. Please ensure you answer the “how” question, i.e., how is the step performed?

Author’s response — The authors have edited the manuscript to make the suggested changes.

6. 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. The highlighted steps should form a cohesive narrative with a logical flow
from one highlighted step to the next. Remember that non-highlighted Protocol steps will remain in the
manuscript, and therefore will still be available to the reader.

Author’s response — The protocol section in the current manuscript is roughly equal to the suggested
highlight. Moreover, we would like to keep the entire methodology in the video and will work around
the editor’s suggested time duration.

7. Please upload the 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.

Authors’ response - According to Frontier’s policy the authors retain the copyright of the published
articles. A link to this information can be found on Frontiers website and is pasted below:

https://www.frontiersin.org/journals/cellular-neuroscience#why-submit
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