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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _N_ 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y__ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 
1.4.5; 2.3; 2.7; 2.8; 3.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _the most difficult part is the in utero electroporation, to ensure success a lot of concentration is needed, but the successfulness of the electroporation can only be analyzed by the following method and must be verified by histological analysis. 
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to select successfully in utero electroporated rat pups for further analysis as adults, like behavioral testing or neuropathological investigations (Intro)

This is accomplished by first performing an in utero electroporation at a defined developmental stage and with precise electrode positioning selected for the target area within the brain. (P1)
The electroporated embryos develop further within the mother’s uterus and are born just like normal pups. (P2)
In the second step the in utero electroporation success is controlled via 2D measurements of luciferase based bioluminescence signal with the IVIS live imaging system at defined postnatal time points. (P3)
The final step is the localization and quantitation of the targeted area of the in utero electroporation via 3D imaging. (P4)
Ultimately, further analysis of the then adult, topically transgenic rats, for example by behavioral testing, can be performed to show the consequences of disturbed neurodevelopment on adult behavior, in vivo electrophysiology or neuropathology. (P5)
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Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Carsten Korth:

While in utero electroporation is an established technique to study neuronal development in a topically restricted brain area, so far this technique has not been widely used to generate topically transgenic adult animals. This is in part due to the technical skill the in utero electroporation technique required and its high intra- and inter-experimenter variability, as well as the present inability to select only the successfully electroporated rats. We now present such an efficient technique by using live in vivo bioluminescence imaging of rat pups. 

1. 2. Sandra Vomund: 

To achieve successful in vivo bioluminescence imaging of in utero electroporated rats, a luciferase reporter gene is co-electroporated. Bioluminescence detection can be activated postnatally by luciferin injection to monitor the approximate position of electroporated cells. This then allows selecting for successfully in utero electroporated rat pups postnatally.
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. In Utero Electroporation (IUE)
2.1. To begin, collect together the sterile materials needed for in utero electroporation. ( For full details see: Walantus, W., Elias, L. & Kriegstein, A. In utero intraventricular injection and electroporation of E16 rat embryos. J Vis Exp, 236, doi:10.3791/236 (2007), Rice, H., Suth, S., Cavanaugh, W., Bai, J. & Young-Pearse, T. L. In utero electroporation followed by primary neuronal culture for studying gene function in subset of cortical neurons. J Vis Exp, doi:10.3791/2103 (2010)). Take special care of preparation of DNA-Mix containing 1. Plasmid containing target DNA, 2. GFP vector, 3. Luciferase vector and 4. Fast Green Dye.
2.2. Under isoflurane anesthesia, expose the uterus to visualize the embryo to be injected. Using a thin glass needle, inject the DNA solution into one of the lateral ventricles of the embryo.

2.3. To hit a cell population of upper cortical layers, place a 7 mm electrode around the head of the embryo and place the positive electrode above the ventricle with a slight dorsal/lateral tendency. 

· LAB MEDIA: 50146_Korth_Figure1 Cortex.tif

2.4. Next, perform the electroporation with a square wave pulse electroporator (five, 50 ms pulses at 55 V with 950 ms intervals). 

2.5. To target hippocampal cells, place the positive electrode on the opposite side of the injected ventricle before electroporating (Figure 1).

· LAB MEDIA:  50146_Korth_Figure1 Hippocampus.tif
3.  Bioluminescence Live Imaging of the Enzymatic Luciferase Reaction
3.1. First, dilute D-luciferin sodium salt in PBS to a concentration of 10 mg/mL and sterilize by sterile filtration.

3.2. After weighing, hold a pup with the abdomen up and slightly stretched before injecting the luciferin (10 μL/g, i.p.).  Older, more active pups are anaesthetized before injection.
Author: Do you think you will have pups of different ages available for demonstration? If, not this detail can be moved to the text protocol
There won’t be older pups for demonstration
3.3. To begin the imaging procedure, luciferin injected pups are anesthetized and placed in a prone position (inhaled Isoflurane: 3 % induction, 1.5 % maintenance) within the IVIS spectrum device.

3.4. First, 2D-bioluminescence images are acquired to determine which pups were successfully electroporated. Therefore, select the Bioluminescent imaging mode in the IVIS acquisition control panel.
Working in the IVIS acquisition control panel, select the Bioluminescent imaging mode. 
3.5. To take overhead photos during at the beginning of the measurement, check the Photograph setting and set the binning to medium and the F/Stop to 8. Select an appropriate subject height to focus on.
3.6. Next, set the Excitation filter to block, the Emission filter to open and the Binning to medium. The F/Stop should be set to 1 and the Stage level is set to A. Acquire 2D image with a luminescence exposure time of 180 sec.

Author: is the stage level and field of view (as in the screen captures) the same thing?  Yes, it is the same.
Once all parameters have been set, acquire a 2D image by……

Would it make sense to add an additional step here to visualize the 2D imagining as it is being measured? 
3.7. The electroporated areas of the positive pups are then investigated further by taking 3D images following the DLIT settings for firefly luciferase.

3.8. First, select the Photograph setting to acquire an overhead photo at the start of imaging.

3.9. To scan the surface of the animal prior to bioluminescence measurement, select the Structure option.

3.10. For pups up to two weeks of age, the following Emission filters and Exposure times are selected. 

Emission filter 1: 590 nm, exposure time 300 sec

Emission filter 2: 600 nm, exposure time 240 sec

Emission filter 3: 620 nm, exposure time 180 sec

Emission filter 4: 640 nm, exposure time 120 sec

3.11. Due to the decrease in signal strength in older animals, the exposure time is increased for the three best emission filters in rats older than P20. 

Emission filter 1: 600 nm, exposure time 300 sec

Emission filter 2: 620 nm, exposure time 300 sec

Emission filter 3: 640 nm, exposure time 300 sec

3.12. Next, set the Stage level to B, the Binning to medium and the F/Stop to 1 and acquire the 3D image.

Once the correct parameters are set, acquire the 3D image.
3.13. After imaging, mark the rats with distinct ear holes to differentiate them from each other and to match them to the IVIS Live Imaging pictures.

3.14. Finally, remove the animal to a warmed surface until fully recovered. 
4. Analysis of Bioluminescence Images
4.1. 3D images are generated using the Living Image software pre-installed on the IVIS Spectrum system.

4.2. The first step is to reconstruct the surface topography. To do this, crop a region of interest and set the threshold between 20 and 30 %.

Authors: Is there a step(s) missing between 4.2 and 4.3? There seems to be a screen shot of cropping images that is not described in the text.
4.3. Start DLIT 3D reconstruction for brain tissue with an image threshold of 10 % for each Wavelength setting.

4.4. Selecting the Animate button within the 3D toolbar will open the panel to create 3D movies.

4.5. Therefore, the orientation and zoom of the 3D image can be manipulated and the chosen positions can be used as Key Frames.  Pressing the ‘Record’ button, tracks the changeover from one position or orientation to another.


5. Results: Luminescence Detection after Electroporation

5.1. In these examples, P7 rats imaged after luciferin injection showed either no luminescence signal, a weak signal or a strong luminescence signal, depending on the electroporation success.

- LAB MEDIA:
- 50146_Korth_Figure3_no signal.tif




- 50146_Korth_Figure3_weak signal.tif




- 50146_Korth_Figure3_strong signal.tif

5.2. Here, a time line of consecutive bioluminescence measurements is shown for the same rat, demonstrating a long detection window

- LAB MEDIA:
- 50146_Korth_Figure4-P7.tif




- 50146_Korth_Figure4-P14.tif




- 50146_Korth_Figure4-P21.tif




- 50146_Korth_Figure4-P28.tif




- 50146_Korth_Figure4-P35.tif

5.3. The differences between cortical and hippocampal electroporation are shown here. Already in 2D pictures, shown in A (cortical) and B (hippocampal), a different localization of the maximum bioluminescence signal is visible. This is even more distinct in the 3D images, shown in C (cortical) and D (hippocampal)  2D imaging reveals successful electroporation into the cortex (A) into a region more thoroughly explored by 3D imaging (C).  Luminescence was also found in the hippocampal region as shown by these 2D (B) and 3D images (D) 

- LAB MEDIA:
- 50146_Korth_Figure5A.tif




- 50146_Korth_Figure5B.tif

- 50146_Korth_Figure5C.tif

- 50146_Korth_Figure5D.tif

5.4. The video format allows looking at the localization of the targeted area from different perspectives. 

- LAB MEDIA:
- 50146_Korth_video1.mov
5.5. This example shows a validation of the targeted location from the 2D (A) and 3D (B) images in the live animal, through bioluminescence (C) and GFP epi-fluorescence (D) detection in the dissected brain. GFP epi-fluorescence was detected only in the dissected brain but not in the live animal. After in vivo imaging of the hippocampus (A,B), images were taken of the dissected brain measuring the bioluminescence signal (C) and GFP epi-fluorescence (D, 
- LAB MEDIA:
- 50146_Korth_Figure6a.tif




- 50146_Korth_Figure6b.tif




- 50146_Korth_Figure6c.tif




- 50146_Korth_Figure6d.tif

5.6. In this image of a 10 m frontal slice of the same successfully in utero electroporated rat brain as shown in Figure 6, a detailed view of GFP expressing cells is depicted at age P14.  This image from the same animal shows a detailed view of GFP and luciferase expressing tissue 

- LAB MEDIA:
- 50146_Korth_Figure7.tif

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/index/Details.stp?ID=1597

6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Carsten Korth: The rapid and relatively uncomplicated availability of topically transgenic rats will enable to study behavioral and neuropathological consequences of neurodevelopmental defects. While this method does, of course, not replace generating transgenic animals, in particular inducible or cell specific ones, it is fast and may be sufficient for many applications. One advantage is that unilateral electroporation of only one hemisphere can provide a perfect internal control in the untransfected hemisphere. Our technique in selecting only sufficiently electroporated rats greatly reduces costs and efforts in making this technique work for investigating genes in the mental illnesses or neurodegenerative diseases.
6.2. Sandra Vomund: The viewer should be reminded that the technique of course involves some skills and has variable mortality and efficacy rates. The future technological developments may lead to special electrodes that will allow electroporating novel brain regions and also bilaterally within one electroporation which decreases mortality greatly. It should also be remembered that a final immunohistological analysis by co-electroporated GFP is useful and eventually necessary to document the exact electroporation area at anatomical resolution enabling to perform post hoc corrections of any behavioral results performed.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
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- 50146_Korth_video1.mov
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General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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