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21  SUMMARY:
22 Neural stem/progenitor cells exhibit various expression dynamics of Notch signaling
23 components that lead to different outcomes of cellular events. Such dynamic expression can
24 be revealed by real-time monitoring, not by static analysis, using a highly sensitive
25  bioluminescence imaging system that enables visualization of rapid changes in gene
26  expressions.
27
28  ABSTRACT:
29  Notch signaling regulates the maintenance of neural stem/progenitor cells by cell-cell
30 interactions. The components of Notch signaling exhibit dynamic expression. Notch signaling
31 effector Hesl and the Notch ligand Delta-likel (DII1) are expressed in an oscillatory manner
32  in neural stem/progenitor cells. Because the period of the oscillatory expression of these
33 genesisveryshort (2 h), it is difficult to monitor their cyclic expression. To examine such rapid
34  changes in the gene expression or protein dynamics, fast response reporters are required.
35 Because of its fast maturation kinetics and high sensitivity, the bioluminescence reporter
36 luciferase is suitable to monitor rapid gene expression changes in living cells. We used a
37 destabilized luciferase reporter for monitoring the promoter activity and a luciferase-fused
38 reporter for visualization of protein dynamics at single cell resolution. These bioluminescence
39 reporters show rapid turnover and generate very weak signals; therefore, we have developed
40 a highly sensitive bioluminescence imaging system to detect such faint signals. These
41  methods enable us to monitor various gene expression dynamics in living cells and tissues,
42  which are important information to help understand the actual cellular states.
43
44  INTRODUCTION:
45  The mammalian brain is composed of a large number of various types of neurons and glial
46 cells. All cells are generated from neural stem/progenitor cells (NPCs), which first proliferate
47  to expand their numbers, then start to differentiate into neurons, and finally give rise to glial
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cells'. Once cells have differentiated into neurons, they cannot proliferate or increase their
numbers, and, therefore, the maintenance of NPCs until later stages is important. Notch
signaling via cell-cell interactions plays an important role in maintaining NPCs®’. Notch ligands
interact with the membrane protein, Notch, on the surface of neighboring cells and activates
the Notch protein. After activation, proteolysis of Notch protein occurs, thereby releasing the
intracellular domain of Notch (NICD) from the cell membrane into the nucleus®°. In the
nucleus, NICD binds to the promoter regions of Hes1 and Hes5 (Hes1/5) and activates the
expression of these genes. Hes1/5 repress the expression of the proneural genes Ascl1 and
Neurogeninl/2 (Neurog1/2)'*'4. Because proneural genes induce neuronal differentiation,
Hes1/5 play essential roles in maintaining NPCs. Furthermore, as proneural genes can activate
the expression of the Notch ligand Delta-likel (DII1), Hes1/5 also repress the expression of
DIl1. Therefore, the expression of DII1 leads to neighboring cells being negative for DII1 via
Notch signaling. In this way, cells inhibit adjacent cells from following their same fate, a
phenomenon known as the lateral inhibition®. In the developing brain, lateral inhibition plays
a role in generating various different cell types.

Real-time imaging at the single cell level reveals dynamic expressions of the components of
Notch signaling in NPCs*'7. Notch signaling activates the expression of Hesl, but Hesl
protein binds to its own promoter and represses its own expression. Furthermore, Hes1 is an
extremely unstable protein, that is degraded by the ubiquitin-proteasome pathway;
therefore, the repression of its own promoter is only short lived and then the transcription
starts again. In this way, the expression of Hesl1 oscillates at both the transcription and
translational levels in a 2 h cycle®®. The oscillatory expression of Hes1, in turn, induces the
oscillatory expression of the downstream target genes, such as Ascl1, Neurog2, and DIl1, via
periodic repression®>119, While proneural genes can induce neuronal differentiation, their
oscillatory expression is not sufficient for neuronal differentiation; rather their sustained
expression is essential for the neuronal differentiation. The oscillatory expression of
proneural genes is important for maintaining NPCs rather than for inducing neuronal
differentiation#1¢. The expression of DI//1 oscillates at both the transcription and translational
levels during various morphogenesis, such as neurogenesis and somitogenesis. The dynamic
expression of DII1 is important for the normal morphogenesis and steady expression of DII1
induces defects in neurogenesis and somitogenesis!’. These findings demonstrate the
important function that the dynamics of gene expression and protein kinetics have on the
regulation of various developmental events (i.e., different expression dynamics produce
different outputs in cellular behaviors).

To analyze the dynamics of Notch signaling, the static analysis of tissues and cells are
insufficient because they are constantly changing. Real-time imaging of single cells is a
powerful tool to reveal the dynamics in gene expression. The dynamic expression of Notch
signaling molecules undergo rapid cyclic responses in the period of 2-3 h. This rapid periodic
expression presents two difficult problems for the real-time monitoring: (1) the expression of
the molecules is suppressed to low levels, and (2) rapid turnover requires fast-response
reporters. To overcome these problems, we previously developed a bioluminescence real-
time imaging method?°. Because the bioluminescence reporter has a higher sensitivity and
shorter maturation time than fluorescent reporters, this strategy enables us to monitor the
rapid dynamics in living cells. Using real-time visualization, we found that more genes
exhibited dynamic expression than we had previously thought. In addition, the number of
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reports showing expression and protein dynamics in living cells and the significance of these
dynamics in various biological events has increased, suggesting a fundamental role of the
dynamics in gene expressions?22,

In this report, we describe a way to visualize the expression of the Notch ligand DII1 in NPCs
in both dissociated cultures and in cortical slice cultures. To monitor the dynamics of DI/1
transcription at single cell levels, we generated dissociated cultures of NPCs derived from the
embryonic telencephalon of transgenic mice carrying pDII1-Ub-Fluc reporter, a DIlI1
promoter-driven destabilized luciferase reporter. To monitor DII1 protein dynamics in vivo,
we introduced the DII1-Fluc fusion reporter into NPCs in the cortex and visualized the
expression of the reporter in NPCs in cortical slice cultures. Real-time imaging enabled us to
capture the various features of gene expression and protein dynamics in living cells at high
temporal resolution.

PROTOCOL:

All the procedure including animal subjects have been approved by Institutional Animal Care
and Use Committee at the institute for Frontier Life and Medical Sciences, Kyoto University.

1. Bioluminescence reporters

NOTE: The luciferase reporter is suitable for measuring the rapid dynamics of promoter
activity by fusing the degradation signal. Moreover, the luciferase fusion reporter enables
monitoring of the protein dynamics in the single cell. Both types of reporters are available for
mono-layer culture (dissociation culture) and tissue culture (slice culture) experiment.

1.1 Reporter for monitoring DII1 promoter activity!’

NOTE: To monitor the rapid changes in gene expression, the rapid-response and unstable
reporter is essential. Firefly luciferase (Fluc) shows rapid maturation compared with
fluorescein reporters. Because ubiquitin fused luciferase reporter (Ub-Fluc) shows rapid
degradation and rapid-turnover, it is very useful to monitor the dynamic gene expression in
living cells?°.

1.1.1 Use DII1 promoter-driven destabilized luciferase reporter, ubiquitinated luciferase
(pDH1-Ub-Fluc, Figure 1A upper panel), to monitor rapid changes in DIl1 expression at a

transcriptional level'’.

1.1.2 Generate a transgenic mouse line carrying pDIl1-Ub-Fluc for the stable expression of
this reporter.

1.2 Reporter for monitoring DII1 protein dynamics'’.
1.2.1. For generation of knock-in mice, insert the luciferase cDNA into the 3" termini of the

DII1 coding region so that DIl1-luciferase fusion protein is expressed (DIlI1-Fluc reporter,
Figure 1A, lower panel)'’.
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1.2.2. Monitor the expression dynamics of DII1 at protein levels by measuring the luciferase
activity.

1.2.3. For monitoring DII1 protein dynamics at tissue levels, introduce the DII1-Fluc reporter
into NPCs in the embryonic telencephalon by in utero electroporation.

2. Bioluminescence imaging system

2.1. Construct a bioluminescence live-imaging system using an inverted microscope installed
with a highly sensitivity, water-cooled CCD camera. In order to reduce the noise and obtain
high sensitivity, cool the camera with chilled water provided by the water circulator at an

optimized temperature of -90 °C.

2.2. For the live cell/tissue imaging, install the incubation system, controlling the temperature
and mixed gas, to the microscope stage.

2.3. For imaging the expression of destabilized luciferase reporter, use high numerical angle
(NA: 1.30) 40x oil-immersion objective lens. The working distance of this lens is 0.2 mm, it is

available for not only mono-layer cell culture but also slice culture.

2.4. For dual monitoring of luciferase and fluorescein reporter expression, install the LED
illumination device to the light path of the microscope.

2.5. Control the time-lapse imaging with a software associated with the microscope (e.g.,
Multidimensional acquisition program of MetaMorph software).

2.6. Prepare the entire system in a dark room, because the signal of the destabilized luciferase
reporter is very faint, and to avoid the extraneous light prevent the acquisition.

3. Neural Stem/Progenitor Cell (NPC) dissociation cultures

3.1. Preparation of culture media, dishes, and reagents for NPC dissociation culture

3.1.1. Prepare N2/B27 media for culturing neural stem/progenitor cells with a final
concentration of 1x N2, 1x B27, 1 mM N-acetylcysteine, 10 ng/mL bFGF and 50 U/mL

Penicillin/Streptomycin in DMEM/F12 media.

3.1.2. Prepare papain solution for dissociation containing 7 U/mL papain, 0.006% DNase and
1 mM N-acetylcysteine in EBSS media.

3.1.3. Prepare 100 mM of luciferin sodium solution for luminescence imaging. Dilute 100 mM
luciferin solution in N2/B27 media to a final concentration of 1 mM.

NOTE: Luciferin shows auto-fluorescein itself. In the case of luciferase-fluorescence dual
imaging, especially EGFP, lowering the concentration of luciferin to 0.5 mM is better.

3.1.4. Coat a 35-mm glass bottom dishes (glass diameter 27-mm) with 40 pg/mL of poly-L-
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lysine (PLL) solution for 1 h at room temperature. After incubation, wash the plates 3x with
PBS and let it dry.

3.2. Dissection of embryos and dissociation of NPCs

3.2.1. After euthanizing a pregnant pDIlI1-Ub-luc transgenic mouse (embryonic day 12.5
(E12.5)) by CO; asphyxiation and cervical dislocation, cut through the abdomen and take out
the uterus.

NOTE: Researchers must follow the regulations and guidelines of animal research committee
of their institution. If anesthesia or pain relief drugs are used, use them properly.

3.2.2. Transfer the uterus in a 10 cm Petri dish containing 25 mL of ice-cold PBS. Take out the
embryos from the uterus in ice-cold PBS, using micro scissors and fine forceps.

3.2.3. Cut off the head of each embryo using scissors and transfer it to 10 cm Petri dishes
containing ice-cold DMEM/F12. Remove the epidermis and cartilage surrounding the brain
and transfer the brain to 35 mm Petri dish containing ice-cold 3 mL of N2/B27 media.

3.2.4. Cut off the right and left telencephalon from diencephalon (Figure 1Ba-f, C,D). Remove
the meninges covering the surface of telencephalon using fine forceps (Figure 1Bi). Using fine
forceps again, take out the dorso-lateral part of cortex from the telencephalon (Figure
1Bg,h,j-I E).

3.2.5. Transfer the tissues to new 1.5 mL tubes using a P1000 pipette and remove any extra
medium with a P200 pipette. Add 0.1 mL of papain solution per brain tissue (a pair of the
cortex). After 15 min of incubation at 24 °C, gently pipette the samples 10 times with P1000
pipette. Incubate the samples again for 15 min at 24 °C.

3.2.6. Gently pipette the samples 10 times with P1000 pipette. Centrifuge the samples for 3
min at 400 x g and room temperature (RT). Discard the supernatant.

3.2.7. Add 1 mL of DMEM/F12 media to the pellet. Gently pipette 10 times with P1000
pipette. Centrifuge the samples for 3 min at 400 x g and RT. Discard the supernatant. Repeat
this at least 2 more times.

3.2.8. To the pellet, add 0.5 mL of N2/B27 media containing 1 mM luciferin and mix well. Seed
the cells (1 x 108 cells) to a PLL-coated glass bottom dish. Culture the cells in the CO incubator
for 1 h. Once the cells adhere to the dish, add 2 mL of N2/B27 media, containing 1 mM
luciferin.

3.3. Visualization of luciferase reporter expression in NPC dissociation culture
3.3.1 Start up the luminescence live-imaging system before performing the dissection. For

NPC culture, set the temperature of the stage incubator at 37 °C and set the setting of the gas
mixture 20% 03, 5% CO..
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3.3.2 Put the immersion oil to the objective lens. Place the sample dish on the microscope
stage. View the field manually and choose the best position and the focus of the cells of
interest. Click live to acquire the test image.

3.3.3 Run the time-lapse acquisition by 2-dimensional (luminescence and bright field)
acquisitions for 24 h with Multi-Dimensional Acquisition program. Choose Multi-
Dimensional Acquisition program and set the acquisition setting as follows (step 3.3.6).

3.3.4 For luminescence image acquisition, use the following camera settings: low-transfer
rate (50 kHz), 2 x 2/4 x 4 binning, 10 min/5 min exposure time. For bright-field image
acquisition, use the following settings: intermediate-transfer rate (1 MHz), 1 x 1 binning and
100 ms exposure time.

4. In utero electroporation

NOTE: This is performed for the introduction of DII1-Fluc reporter into the neural progenitor
cells.

4.1 Preparation of tools and reagents for electroporation

4.1.1. Prepare micro capillaries for injection of DNA into the ventricle of the embryonic
telencephalon. Stretch a grass capillary with heat and cut and polish the tip of it with the
polishing machine.

4.1.2. Prepare a mixture of DNA with dye (e.g., Trypan blue). The concentration of each DNA
is 1 ug/uL in PBS and add the dye to a final concentration of 10%.

NOTE: Use the mixture of DNA for visualization of DII1 protein dynamics as follows: DII1-Fluc
(DI1 protein reporter, Figure 2E upper) and pEF-EGFP (EF promoter driven EGFP expression
vector, Figure 2E lower), monitoring the location and morphology of transfected cells.

4.1.3. Prepare two types of anesthetics: 3.88 mg/mL of pentobarbital and 0.12% of xylazine,
in sterile 1x PBS.

4.2 In utero electroporation

4.2.1. Anesthetize a time pregnant ICR mouse (E12.5) by intraperitoneal administration of
anesthetics with 500 pL of 3.88 mg/mL pentobarbital and 500 pL of 0.12% xylazine.

NOTE: Researchers must follow the regulation of animal experiments. If one needs to use
anesthesia or pain relief drugs, use them properly.

4.2.2. Check for the lack of toe pinch response. Once pedal reflex is not observed, make a 2-
3 cm cut through the abdomen along the midline. Put gauzes around the dissected part and
wet the gauzes with warm PBS not to dry up the incision. Take out the right uterine horn
gently with ring-shaped forceps and count the number of embryos.
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4.2.3. Inject 1-2 pL of the mixed DNA into the ventricle of the telencephalon of embryos
gently with micro capillary.

NOTE: When the injection is successful, one can see the blue color of the dye over the surface
of the uterus.

4.2.4. Wet the uterus and the electrode before providing the voltage pulses, and then hold
the head of an embryo gently. Set the positively charged electrode to the side of the
hemisphere, in which the DNA was injected. Ensure that the condition of the pulse of
electroporation is 30-50 V for 50 ms, the interval of the pulses is 1 s (50 ms charge and 950
ms non-charge). Provide 5 pulses to one embryo and check that bubbles are generated from
the negatively charged electrode.

NOTE: Make sure the direction of the electrode: DNA is incorporated into cells on the side of
positive electrode. During this procedure, do not move the position of the electrode.

4.2.5. Repeat the steps 4.2.3-4.2.4 for other embryos and return the uterine horn to the
abdominal cavity. Carry out the same procedure to the embryos in the left uterine horn.

4.2.6. After putting back the left side, suture the incision by a silk suture (4-0) with a needle
(17 mm). Before closing the incision completely, put warm PBS into the abdominal cavity

NOTE: The interval between sutures is around 2 mm.

4.2.7. After finishing the surgery, place the mouse on a heating pad for post anesthesia
recovery. House the mouse individually.

5. Preparation of slice cultures of the developing cortex and visualization of luciferase
reporter expression in the cortical slices

5.1 Preparation of culture media and reagents for slice cultures of the cortex

5.1.1. Prepare enriched media for culturing cortical slices containing 5% fetal bovine serum
and 5% horse serum in N2/B27 media.

5.1.2. Bubble 100% O, gas through DMEM/F12 media for dissection and making cortical
slices.

NOTE: To use oxygen gas safely, store the O, cylinder in the cylinder cabinet and monitor the
oxygen concentration in the air by an oxygen concentration meter.

5.1.3. Dilute 100 mM luciferin sodium solution in enriched media to a final concentration of
1 mM.

NOTE: Luciferin shows auto-fluorescein itself. In the case of luciferase-fluorescence dual
imaging, especially EGFP, lower concentration of luciferin (0.5 mM) is better.
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5.1.4. Set the multi-gas incubator at 37 °C by 40% O and 5% CO..
5.2 Dissection of embryos and examination of the expression of fluorescent reporter

5.2.1. After euthanizing the pregnant mouse to which the reporters (E13.5) are introduced by
in utero electroporation (step 4.2), cut through the abdomen and take out the uterus.

NOTE: Researchers must follow the regulation of animal experiments. If using anesthesia or
pain relief drugs, use them properly.

5.2.2. Transfer the uterus to a 10 cm Petri dish containing PBS. Take out the embryos from
uterus in PBS, using micro scissors and fine forceps. Cut off the head of each embryo and
transfer to a 10 cm Petri dish containing DMEM/F12 media bubbled with 100% O gas.
Remove epidermis and cartilage surrounding the brain in DMEM/F12 media.

5.2.3. Put the brain on the lid of the Petri dish with ring-shaped forceps and set the lid on the
fluorescence stereoscopic microscope stage. Check the region of the cortex expressing
fluorescent protein under the excitation light (Figure 2A,B).

5.2.4. Transfer the brain to a silicone rubber cutting board filled with 30 mL of DMEM/F12
media bubbled with 100% O; gas. Remove meninges covering the surface of the
telencephalon by fine forceps.

5.3.1. Cut the border between medial and lateral part of the dorsal telencephalon and
separate into two hemispheres using micro surgical knife or fine forceps. Using a micro
surgical knife, cut the cortex like stripes and make cortical slices (Figure 2C,D). Pipette slices
with medium using pipette and transfer them to enriched media in a 35 mm dish.

5.3.2. Put the slices on the culture inserts in the glass bottom dishes with enriched media.
Correct the direction of slices using fine forceps. Set up the cut surface of the slices to the
surface of culture insert. Remove the extra media by a pipette. Incubate the slices in multi-
gas incubator set by 40% O, and 5% CO; at 37 °C for 30 min.

5.3.3. Add 300 pL of enriched media containing 1 mM luciferin to the outside of culture insert
in the glass bottom dish.

5.3 Visualization of luciferase reporter expression in slice cultures

5.4.1. Start the luminescence live-imaging system before starting the dissection. Use the
following condition of cortical slice cultures: 40% O;, 5% CO; and 37 °C.

5.4.2. Put the immersion oil to 40x objective lens. Put the sample dish to the stage of
microscope. Acquire the test image of fluorescent and set the position and the focus plane to

the region of interest under the illumination of excitation light.

5.4.3. Run the time-lapse acquisition by 3-dimentional (luminescence, fluorescence and
bright field) acquisitions for 24 h (Figure 2F-H). For luminescence image acquisition, use the
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following camera settings: low-transfer rate (50 kHz), 2x2/4x4 binning, 10 min/5 min
exposure time. For the fluorescence and bright field image acquisition, use the following
settings: intermediate-transfer rate (1 MHz), 1x1 binning and 100 ms exposure time.

6. Image processing and analysis

6.1. Connect each image and make the stack images. Click Import Image Sequence from the
File menu (File | Import | Image Sequence) and choose the folder, where the acquired
images are saved. Put some words contained in file name to the column of File name
contains.

6.2. To remove the noise of cosmic ray on the bioluminescence images, apply the SpikeNoise
Filter plug-in of Imagel/Fiji. Open the stack images and click SpikeNoise Filter.

6.3. Apply Savitzky Golay Temporal Filter plug-in to get clear dynamics of reporter
expression. Open the stack images and click Savitzky Golay Temporal Filter.

6.4. To measure the intensity of reporter expression, apply Z Axis Profile Plus plug-in to each
single cell. Select the cells and set ROIs, region of interest and click Z Axis Profile Plus.

REPRESENTATIVE RESULTS:

Expressions of the genes Hes1/7 exhibit 2 h oscillation cycle in various cell lines and during
somitogenesis. Furthermore, the period of oscillation is very short and both their mRNAs and
proteins are extremely unstable with the half-lives of around 20 min. If using a slow response
reporter, we cannot trace such rapid dynamics, and if using a stable reporter, it gradually
accumulates while the gene expression oscillates. Thus, the reporter must be rapidly
degraded to monitor the rapid turnover of such cyclically expressed genes. To overcome
these problems, we used luciferase reporter to monitor the dynamic expression of oscillators.
Because the bioluminescence reporter has a short maturation time and high sensitivity, it
enables us to monitor the rapid dynamics of ultradian oscillators. Like a fluorescent reporter,
the luciferase reporter can monitor the expression dynamics of a protein by being fused to
the gene coding sequence (Figure 1A, Figure 2E and Figure 3D). Luciferase-fused gene
products exhibit the same expression, turnover and translocation kinetics in cells as do the
endogenous proteins. Furthermore, to monitor the promoter activity of the oscillating gene
DIl1, we used ubiquitinated luciferase, a destabilized luciferase reporter (Figure 1A and Figure
3A)?3, whose half-life is about 10 min?°, Using various types of luciferase reporters, we
generated transgenic mice or knocked-in mice to obtain stable expression of the reporter in
NPCs during neurogenesis!’. To visualize reporter expression at single cell levels in tissue
culture, the scattered introduction of reporter is preferable. Thus, we used transient
transfection of the reporter gene into NPCs via in utero electroporation (Figure 2F-H). The
luciferase reporter system has been used in the field of circadian rhythms to monitor the
dynamic expressions of clock genes for a long period (e.g., 1 week), suggesting that luciferin
(D-luciferin), the substrate of the firefly luciferase enzyme, is very stable and has no toxicity
for living cells?#2>, We usually use luciferin in concentrations of 1 mM in the media, which is
sufficient for the overnight live-cell imaging. Furthermore, the microscope-based imaging
system enables us to acquire the multi-dimensional images, bright field images, fluorescence
images and chemiluminescence images (Figure 2F-H and Figure 3E).
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Using these conditions, we visualized the expressions of various ultradian clock genes,
including Hes1, Ascl1, Neurog2 and DIl1 (Figures 2 and Figure 3). Representative results are
shown in Figure 3. The reporter of DII1 promoter activity exhibited oscillatory expression in
NPCs derived from the telencephalon of DII1-Ub-Fluc reporter mice. The destabilized
luciferase reporter (Figure 3A) indicated sharp up and down regulation of the expression of
promoter activity (Figure 3B,C). In this case, single neural progenitor cells displayed an
approximately 2.5 h oscillation cycle with various amplitudes over the course of 13 h (Figure
3C). The rapid response luciferase reporter enables us to capture the transmission dynamics
of Notch signaling between two living cells (Figure 3D-F and Supplemental movie S1). We
prepared two types of DNA mixtures: (1) Hes1l promoter reporter (pHes1-Ub-luc) and EGFP
expression vector, and (2) DII1 protein reporter (DllI1-Luc) and mCherry expression vector and
transfected them into NPCs separately. Then we collected the two types of cells and co-
cultured to measure the expression of reporters in living cells. Representative results are
shown in Figure 3E,F. Adjacent EGFP positive cells carrying Hesl reporter and mCherry
positive cells expressing DII1 protein reporter contacted with each other during observation.
Hesl reporter expression in a green cell seemed to start about 60 min after two cells contact
(Figure 3E,F). This suggested that the time delay for transmission of Notch signaling between
adjacent cells was about 1 h. Furthermore, during signal transmission, DII1 protein expression
showed dynamic translocation in a red cell (Figure 3E).

FIGURE AND TABLE LEGENDS:

Figure 1. Dissection of the embryonic mouse brain. (A) The structure of luciferase reporters,
DII1 promoter reporter and DII1 protein reporter. (B) Procedure of dissection. (a) The lateral
view of a mouse embryo. (b) Cut off the head along with the dotted line. (c) Remove the
epidermis and cartilage from the gap between the telencephalon and midbrain. (d) Cut the
surrounding tissue along the midline between the right and left hemispheres. (e) Remove the
tissue from the center break to both sides. (f) The telencephalon and the midbrain after
removal of the surrounding tissue. (g) Separate the telencephalon (tel), midbrain (mid) and
olfactory bulb (OB). (h) Cross section of the telencephalon, shown in dotted line in (g). (i)
Remove the meninges surrounding the surface of the telencephalon. (j) Separate the
telencephalon into two parts: medial and lateral part. (k) Cut the border of the cortex and
ganglionic eminence (GE). (I) Dorso-lateral part of the cortex is used for dissociation culture.
(C) The brain at embryonic day 14 (E14), consisting of the left (a) and right (b) hemispheres of
the telencephalon and the midbrain (c). (D) The telencephalic hemispheres separated from
the midbrain. (E) One dissected hemisphere of the telencephalon: the ventrolateral part of
the telencephalon including the ganglionic eminences (d), the dorsolateral part of the
telencephalon used for dissociated cultures and slice cultures (e), the medial part of the
telencephalon (f) and meninges covering the surface of the brain (g).

Figure 2: Making the cortical slices of the embryonic telencephalon and visualizing DII1
protein dynamics in the cortical slice cultures. (A) Checking the expression of EGFP using
fluorescence stereoscopic microscope. Red arrow shows the region of the cortex expressing
EGFP. The left hemisphere (a), the right hemisphere (b) and the midbrain (c). (B) Dotted lines
indicate the outlines of the brain regions shown in (A). (C) Dissected cortex of the dorsolateral
telencephalon. White arrowheads indicate the cut edges. (D) Cortical slices of the dorso-
lateral telencephalon. (E) Gene structures of reporters for visualizing DII1 protein dynamics in
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NPCs. The DII1 protein reporter, DII1-Fluc (upper) were introduced into NPCs with an EGFP
expression vector (lower) to monitor the morphology and migration of cells in the cortical
slices. (F-H) Three-dimensional images of bright-field (F), GFP expression (G), and
bioluminescence (H) in the cortical slice. The bioluminescence imaging system allowed to
trace the expressions of luciferase and fluorescence reporter simultaneously. Scale bars: 200
um.

Figure 3: Representative data for visualization and analysis of the dynamic expression of
the DII1 gene in NPC culture. (A) The reporter construct for visualizing DII1 expression at the
transcriptional level, using a destabilized luciferase reporter (Ub-luciferase, ubiquitinated
luciferase). (B) Visualization of the expression of D/I1 in a single NPC with a bioluminescence
reporter. The numbers in the panel show the peak points of the oscillatory expression of DII1
corresponding to the numbers in panel C. (C) A time course plot of the bioluminescence the
dissociated NPC shown in (B), exhibiting the dynamic expression of D//1. (D-F) Visualization of
the expression of Hesl promoter reporter and DIl1 protein reporter expressed in the
neighboring cells. (D) The structure of Hes1 promoter activity reporter (pHes1-Ub-luc) and
DII1 protein reporter (DIlI1-Luc). (E and F) The EGFP positive cell carrying Hes1 reporter (Cell1)
and the mCherry positive cell carrying DII1 protein reporter (Cell2) were co-cultured and the
luminescence from both types of reporters were measured. The expression of Hes1 reporter
in the green cell (celll) seemed to start about 60 min after the two cells contacted.

Supplemental movie S1. Visualization of the expression of Hes1 promoter reporter and DIl1
protein reporter expressed in the neighboring cells, related to Figure 3D-3F.

DISCUSSION:

The components of Notch signaling show oscillatory expressions in synchrony during
somitogenesis but out of synchrony during neurogenesis, leading to the difficulties in
capturing the expression dynamics by static analysis in the latter case. Thus, real-time
monitoring is required to reveal the expression dynamics of Notch signaling components,
such as Hes1 and DIl1. Because the periods of the expressions of Hes1 and DI/1 oscillations
are extremely short, approximately 2-3 h, rapid response and unstable reporters are required
for monitoring their expression dynamics. For this purpose, we have developed the
bioluminescence reporter and imaging system. The bioluminescence reporter luciferase
shows rapid maturation kinetics and high sensitivity to trace the rapid turnover of such cyclic
gene expressions. The rapid turnover of reporters leads to very faint signals generated. To
detect such faint signals produced by the bioluminescence reporters, we use an optimized
bioluminescence imaging system, including a high sensitivity, water-cooled CCD camera with
an ultra-low readout speed (50 kHz), which reduces the noise to a minimum. Furthermore, a
high numerical aperture (N.A.) objective lens enables us to collect the light released from the
destabilized luciferase reporter to the fullest. To obtain a higher sensitivity we usually use
higher binning (e.g., 2 x 2, 4 x 4, 8 x 8) and keep the shutter to open for a long time (e.g., 5-20
min). Because the signal from the luciferase reporters is extremely faint, the interference of
light from the environment also presents a problem in detecting the faint signal: thus, the
microscope room must be completely dark. This system enables us to measure the dynamic
expressions of Hes1 and DII1 genes in NPCs in both transcriptional and protein levels (Figure
3). In addition, we can visualize the protein dynamics of intracellular translocation with
luciferase fused protein reporters. Furthermore, using the rapid response luciferase reporter,
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we can capture the transmission dynamics of Notch signaling and measure the time delay for
signal transmission between two living cells (Figure 3D-F and Supplemental Movie S1).
Moreover, the combination of promoter reporter (Ub-luciferase reporter) and protein
reporter (luciferase fusion) of a single gene enables us to measure the time delay between
transcription and translation of the gene. In this way the multiple imaging of various kinds of
luminescence reporters and fluorescence reporter is available to measure the time delay/rate
for biochemical reactions.

Real-time monitoring of gene expressions at single cell resolution has revealed that there are
variations in expression dynamics of the same gene. Some cells express DIlI1/Neurog2 in
oscillatory manner, but others show sustained patterns. Furthermore, the different
expression dynamics (oscillatory versus steady) induce different outputs in the state of cells.
What does appear to be clear is that different expression dynamics influence cell behaviors
in different ways, suggesting that the expression dynamics encodes more information?%22:26-
32 The static analyses cannot capture the dynamics in gene expression, and real-time analyses
are required for understanding biological phenomena to reveal the expression dynamics in
cellular events. The approach that we introduce here can monitor the dynamics of ultradian
oscillators during neural development at high temporal resolution. Using this method, we
found that many more genes are dynamically expressed than we had previously thought, and
we can trace not only the dynamics of protein expression but also the dynamics in protein
localization in the cell at high temporal resolution. Such dynamic expression patterns might
have biological significances that are yet to be elucidated.

Bioluminescence reporters have a great advantage in temporal resolution and low toxicity to
living cells compared with fluorescence reporters®3. However, in contrast to the color
variations in fluorescent reporters, there are only a few colors in bioluminescence reporters,
imposing a limitation on the number of genes that can be monitored simultaneously.
Nevertheless, increasing numbers of variable luciferase are being isolated and cloned from
various creatures3*3°, and using such a variety of luciferases, we will be able to simultaneously
trace multiple gene expression dynamics in a single cell at high temporal resolution. The
molecular size of firefly luciferase is larger than fluorescence reporters, which presents some
difficulties in constructing reporter-fused proteins to monitor the protein dynamics, but
recently, a new, smaller and brighter luciferase has been cloned3®, which would allow us to
visualize the protein dynamics easier than ever. A growing number of reports have recently
showed different types of dynamics in gene expression and protein translocation in various
biological events?1:2226-32_ Analyses of such dynamics in spatiotemporal regulation using a
real-time monitoring system would be increasingly important to capture the actual states of
cells and reveal the regulation of cellular systems.
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and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

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

5 Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in 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 thereta)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

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

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

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

11, JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12; Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

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

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

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

CORRESPONDING AUTHOR
Name:
Hiromi Shimojo
Department:
Institute for Frontier Life and Medical Sciences
Institution: Kyoto University
Title: Real-time bioluminescence imaging of Notch signaling dynamics during murine neuroegnesis
I | | t ——
Signature: leOW\\ S‘[’HW“)JO Date: | June [9+h, 2h 9

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Editorial comments:

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

Thank you for the arrangement of the manuscript for the journal’s style.
2. Please address all the specific comments marked in the manuscript.

We are grateful for the comments. We address the comments and rewrote the
manuscript. The images in Figure2 (2A-2D) were taken by a digital camera and we
couldn’t put the accurate scale bar. And also it was difficult to add the accurate scale
bars in the montage images in Figure3 (3B and 3E).

3. Please ensure that the highlight is no more than 2.75 pages including headings and
spacings.

We summarized the highlight of the protocol as follows.

The highlight of the PROTOCOL

1. Bioluminescence reporters\ and Bioluminescence imaging system Comented [AL]: We cannot have paragraph of text in the

2. Preparation of Neural Stem/Progenitor Cell (NPC) dissociation cultures and proees] exion. - Al st el e o o) 2

visualization of luciferase reporter expression in NPCs. step.

. . . L. If this part needs to be filmed, please explain how is this
2.1. Dissection of embryos and dissociation of NPCs.

done. Else please include citations.

2.1.1. Transfer the uterus in a 10-cm Petri dish containing 25 mL ice-cold PBS. Take
Commented [A2]: Volume?

out the embryos from the uterus in ice-cold PBS.

2.1.2. Cut off the head of each embryo and transfer it to 10-cm Petri dishes
containing ice-cold DMEM/F12. Remove the epidermis and cartilage surrounding the

brain and transfer the brain to 35-mm Petri dish containing 3 mL‘ice-coId N2/B27 media‘. tCommented [A3]: Volume?

2.1.3. Cut off the right and left telencephalon from diencephalon (Figure 1Ba-f, C,D).
Remove the meninges covering the surface of telencephalon (Figure 1Bi). Take out the
dorso-lateral part of cortex from the telencephalon (Figure 1Bg,h,j-l E).

2.1.4. Transfer the tissues to new 1.5 mL tubes. Remove any extra medium. Add 0.1
mL of papain solution per brain tissue. After 15 min of incubation at 24 °C, gently pipette
the samples 10 times with P1000 pipette. Incubate the samples again for 15 min at 24
°C.
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2.1.5. Gently pipette the samples 10 times with P1000 pipette. Centrifuge the
samples by 400 x g for 3 min at room temperature (RT). Discard the supernatant.

2.1.6. Add 1 mL of DMEM/F12 media to the pellet. Gently pipette 10 times with
P1000 pipette. Centrifuge the samples by 400 x g for 3 min at RT. Discard the
supernatant. Repeat the step at least 2 more times.

2.1.7. To the pelletL add 0.5 mL of N2/B27 media containing 1 mM luciferin and mix
well,|Seed the cells to a PLL-coated glass bottom dish. Culture the cells in CO, incubator
for 1 h. Once the cells adhere, add 2 mL of N2/B27 media, containing 1 mM luciferin.

2.2. Visualization of luciferase reporter expression in NPC dissociation culture.
2.2.1. Start up the luminescence live-imaging system before performing the

dissection. For NPC culture, set the temperature of the stage incubator at 37 °C and set
the setting of the gas mixture 20% O,, 5% CO,.

2.2.2. Put immersion oil to the objective lens. Place the sample dish on the
microscope stage. View the field with your eyes and choose the best position and the
focus of the cells of interest. Click live to acquire the test imageH

2.2.3. Run time-lapse acquisition \by 2-dimensional (luminescence and bright field)
acquisitions for 24 h. Choose Multi-Dimensional Acquisition program and set the
acquisition setting. For luminescence image acquisition, use the following camera
settings: low-transfer rate (50 kHz), 2x2/4x4 binning, 10 min/5 min exposure time. For
bright-field image acquisition, use the following settings: intermediate-transfer rate
(1MHz), 1x1 binning and 100 ms exposure time.

3. In-utero electroporation for the introduction of DII1-Fluc reporter into neural
progenitor cells.

3.1.1. Once pedal reflex is not observed, make a 2-3 cm cut through the abdomen
along the midline. Put gauzes around the dissected part and wet the gauzes with warm
PBS. Take out the right uterine horn gently with ring-shaped forceps.

3.1.2. Inject 1-2 pL of the mixed DNA into the ventricle of the telencephalon of
embryos gently with micro capillary.

3.1.3. Wet the uterus and the electrode before you give voltage pulses, then hold
the head of an embryo gently. Set the positively charged electrode to the side of the
hemisphere, in which the DNA was injected. Ensure that the condition of the pulse of
electroporation is 30-50 V for 50 ms, the interval of the pulses is 1 s (50 ms charge and
950 ms non-charge). Provide 5 pulses to one embryo and check that bubbles are
generated from the negatively charged electrode. Repeat the step to other embryos and
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put back the uterine horn to the abdominal cavity.

3.1.4. After putting back the left side, suture the incision. Before closing the incision
completely, put warm PBS into the abdominal cavity. After finishing the surgery, place
the mouse on a heating pad for post anesthesia recovery.

4. Preparation of slice cultures of the developing cortex and visualization of luciferase
reporter expression in the cortical slices.

4.1. Dissection of embryos and examination of fluorescent reporter expression.

4.1.1. Transfer the uterus to a 10-cm Petri dish containing PBS. Take out the embryos
from uterus in PBS. Cut off the head of each embryo and transfer to a 10-cm Petri dish
containing DMEM/F12 media bubbled with 100% O, gas. Remove epidermis and
cartilage surrounding the brain in DMEM/F12 media.

4.1.2. Put the brain on the lid of the Petri dish and set the lid on the fluorescence
stereoscopic microscope stage. Check the region of the cortex expressing fluorescent
protein under the excitation light (Figure 2A,B).

4.1.3. Transfer the brain to a }silicone rubber cutting board filled with DMEM/F12
media bubbled with 100% O, gas. Remove meninges covering surface of the
telencephalon.

4.1.4. After separate two hemisphere, cut the border between medial and lateral
part of the dorsal telencephalon. Using a micro surgical knife, cut the cortex like stripes
and make cortical slices (Figure 2C,D). Take slices with medium using pipette and
transfer them to enriched media in a 35-mm dish.

4.1.5. Put the slices on the culture inserts in the glass bottom dishes with enriched
media. \Correct the direction of slices using fine forceps. Set up the cut surface \of the
slices to the surface of culture insert. Remove the extra media by a pipette. Incubate the
slices in multi-gas incubator set by 40% O, and 5% CO; at 37°C for 30 min.

4.1.6. Add 300 pL of enriched media containing 1 mM luciferin to the outside of
culture insert in the glass bottom dish.

4.2, Visualization of luciferase reporter expression in slice cultures.

4.2.1. Start up the luminescence live-imaging system before starting dissection. The
condition of cortical slice cultures is 40% O,, 5% CO, and 37°C.

4.2.2. Put immersion oil to 40x objective lens. Put the sample dish to the stage of
microscope. Acquire the test image of fluorescent and set the position and the focus
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plane to the region of interest under the illumination of excitation light.

4.2.3. Run time-lapse acquisition by 3-dimentional (luminescence, fluorescence and
bright field) acquisitions for 24 h (Figure 2F-H). For luminescence image acquisition, use
the following camera settings: low-transfer rate (50kHz), 2x2/4x4 binning, 10 min/5 min
exposure time. For fluorescence and bright field image acquisition, use the following
settings: intermediate-transfer rate (1MHz), 1x1 binning and 100 ms exposure time.

5. Image processing and analysis.\
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or provide citations.

4. The manuscript is written in poor English and should be edited to be clean and free
from grammatic mistakes.

We checked the manuscript and corrected the mistakes.



