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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____N______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_4.8, 4.12, 4.13, 4.15, 5.3, 5.5_____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The most difficult aspect of this procedure is to keep the needle in position throughout the entire duration of the injection. After the injection has been initiated, the correctly inserted needle may slip out of position because of accidental movement by either the injecting person or the non-anesthetized mouse. To increase the chance of success, when possible, we avoid injecting mice that are over 27 g in weight, as handling of a syringe that has been loaded to capacity (3ml) is more difficult. We find that mice weighing 23-27 g are the most convenient to inject. The veins of mice weighing less than 20 g may be too small to inject. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to transiently express genes in mice using Hydrodynamic Gene Delivery or “HGD”.(Intro).

(P1) To do this, mice are weighed and an appropriate volume of saline containing plasmid DNA is prepared and loaded into a syringe. 
(P1)  Show the mouse being placed on the scale, then, show the syringe filling up with solution.

(P4), The mouse is then warmed to dilate the tail blood vessels and (P2) placed in a restrainer.
(P4)- show the mouse as it is placed onto heating pad
(P2) Show mouse slide up into the restrainer or appear in the restrainer- DELETE the water container from this image- this was removed from the protocol.

(P3) Using the dorsal artery as a reference, the lateral caudal veins are located and the DNA-saline mix is injected into one of the caudal veins. 
(P3) (LEFT IMAGE) Highlight the dorsal artery then highlight the lateral and caudal veins
(P3) (RIGHT IMAGE) Show injection solution disappear as plunger is pushed into syringe

(P2) Finally, the mouse is removed from the restrainer and (P4) placed on a warm mat for recovery.
	(P2) Show mouse being removed from restrainer (Delete water)
	(P4) Show mouse as it is placed on heating pad

(P5) Ultimately results can be obtained that show transgene expression through monitoring of blood protein levels by western blot.
	(P5) show image



[image: ]


1. Interview: (Said by you on camera. Don’t forget to smile!)  


1.1. [Daniella Kovacsics] The main advantage of this technique over existing methods, like viral transgene expression is that hydrodynamic gene delivery allows for the use of naked plasmid DNA, which is easy to produce, safe to use and has fewer size limitations. 
1.1.1. Interview style

1.2. [Daniella Kovacsics] . I am Daniella Kovacsics, a postdoc in the laboratory of Dr. Jayne Raper and I will be demonstrating the procedure.
1.2.1. Interview style



Protocol (read by voice talent at JoVE):
2. Weighing mice and preparing syringes
2.1. Begin this procedure by using a Sharpie to mark backs of white mice to indicate their experimental group.  Reapply marks over time as necessary.
2.1.1. MED:  Talent picks up a mouse from a cage
2.1.2. CU:  talent writes the group name or number on the back of the mouse

2.2. On the day of the experiment, weigh each individual mouse in an animal weighing pan or bucket placed on a digital laboratory balance. Record the weight of each mouse.
2.2.1. CU:  Talent weighs a mouse
2.2.2. CU:  Talent writes down the weight

2.3. Following the instructions in the accompanying document, prepare enough injection mix for each mouse to be injected plus one as proper loading of the syringes will require some extra injection mix.  Use preservative- and endotoxin-free, sterile saline that has been approved for human use. (Text overlay: 5- 50 μg of endotoxin-free plasmid/mouse)  
2.3.1. MED:  Talent prepares injection mix

2.4. After allowing all solutions to reach room temperature, attach a sterile 20-gauge needle to a 3 ml, luer-lock syringe and aspirate the DNA-saline mix.   Prepare one syringe for each injection. Be sure not to generate any air bubbles. (Text overlay: 0.9 mm x 25 mm)
2.4.1. CU:  Talent attaches a needle to the syringe 
2.4.2. CU:  Talent aspirates the DNA saline mix 

2.5. [Daniella Kovacsics] “Avoid using higher volume syringes as the flow rate of injection cannot be controlled very well, and it is difficult to manipulate larger syringes in one hand.”
2.5.1. MED:  Talent looks up from filling syringes and says the above line

2.6. Next, switch to a sterile, 27-gauge needle. 
2.6.1. CU:  Talent switches the needle to a 27 g needle 

2.7. Adjust the volume of the DNA-saline mix as calculated, ejecting any excess solution back into the conical tube for later use. This will fill the needle without introducing air bubbles. Do not allow the uncapped needle to touch any non-sterile surface.  
2.7.1. CU: Talent pushes the plunger and ejects excess mix into conical tube

2.8. To protect the needle prior to injections, re-cap it using a one-handed technique: place the cap on a flat surface, then, without holding onto the cap with the other hand, insert the needle and press the capped needle against a firm object to secure the cap.
2.8.1. CU:  Talent places the cap of a flat surface, inserts the needle, and presses the capped needle against a firm object.

2.9. Prepare all of the needed syringes in the same manner. 
2.9.1. MED:  Talent ejects excess from another needle and caps it, then places it next to another, capped prepared syringe.



3. Hydrodynamic DNA delivery
3.1. Prior to beginning injections, place the mouse cage with bedding included on a heat pad for 5 minutes so that the temperature of the bedding is approximately 38-39 °C. This will dilate mice blood vessels. Note that anesthesia is not recommended for this procedure.
3.1.1. MED:  Talent places the mouse cage on a heat pad

3.2. While the mice are warming, use laboratory tape to immobilize a dorsal access restrainer on a flat surface.
3.2.1. CU:  Talent tapes the restrainer to a flat surface

3.3. After 5 minutes has passed, uncap the syringe to be used for the first mouse injection.   Place the syringe on the cap to prevent the uncapped needle from touching unclean surfaces.  For both safety and cleanliness, keep one needle uncapped at a time. 
3.3.1. CU:  Talent uncaps the syringe and places it on the cap

3.4. Next, pick up a mouse by the tail, place it gently into the restrainer and insert the plug. Use as little restraint as necessary to keep the tail immobilized. Ensure that the mouse is breathing freely.
3.4.1. MED:  Talent picks up mouse by the tail
3.4.2. CU:  Talent places it into the restrainer and inserts plug.   Talent looks to ensure that mouse is breathing freely

3.5. Next, locate the lateral caudal veins by looking straight down at the back of the mouse: the red line running in the middle of the tail is an artery, while the blue lines on either side of the tail are the lateral caudal veins.
3.5.1. ECU:  Talent traces the tail artery then traces the two lateral caudal veins (use a pointer). (Show only the tail of the mouse)

3.6. Position the mouse so one of the lateral caudal veins is visible.  Then, wipe the tail of the mouse thoroughly with an alcohol swab.
3.6.1. ECU:  Talent repositions mouse and wipes with an alcohol swab (Show only the tail of the mouse)

3.7. Using the non-injecting hand, hold the tail tightly between the index and middle fingers so that the tail passes under the index finger, over the middle and third fingers and under the little finger. Allow the thumb to remain free to move. 
3.7.1. ECU:  Talent adjusts hand position, and wiggles thumb to show that it is free (Show only the tail of the mouse)

3.8. Using the other hand, use an alcohol swab to wipe the injection area again. Allow the area to dry.
3.8.1. ECU:  Talent wipes the injection area with alcohol swab (Show only the tail of the mouse)

3.9. Now, with the injecting hand, pick up the loaded syringe and hold it by the barrel between the thumb and the other four digits. Do not hold onto the plunger.
3.9.1. CU:  Talent picks up loaded syringe and holds it by barrel between the thumb and other four digits 

3.10. Position the syringe parallel to the tail with the needle pointing toward the body of the mouse and the bevel, or slanting edge, of the needle facing up.
3.10.1. ECU: SHOWING ONLY MOUSE TAIL Talent positions the syringe parallel to the tail with the needle pointing toward the body and the bevel facing up (pause for a few seconds). Talent then inserts the needle into the vein and uses thumb to close down on needle and press hub against the tail.  Talent then repositions syringe-holding hand so that the index finger and middle finger are holding onto the flange and the thumb is on the end of the plunger, then presses down on plunger and removes needle.  Talent finally applies a tissue and pressure to stop any bleeding.   EDITOR, please show only the part of footage shown in red.   It is impractical to capture this as several shots so we will need to split up this shot into the next few narratives using slow motion or freeze shots as necessary to extend the duration to match the narrative.  

3.11. Insert the needle into the tail vein. If the vein has been correctly located, the needle will slide in with no resistance.  (Text overlay:  Do not proceed with injection if there is resistance is encountered). 
3.11.1. Continue 3.1.10:  Talent then inserts the needle into the vein (freeze frame if needed)

3.12. While holding the needle steady, use the thumb of the tail-holding hand to close down on the hub of the needle and press the hub against the tail to hold the needle in position. Do not apply extreme pressure and do not hold onto the needle shaft, as these will impede the flow of liquid into the vein.
3.12.1. Continue 3.1.10:  Talent uses thumb to close down on needle and press hub against the tail (Freeze or slow down as needed)

3.13. Next, re-position the syringe-holding hand so that the index finger and middle finger are holding onto the flange and the thumb is on the end of the plunger.
3.13.1. Continue 3.1.10: Talent then repositions syringe-holding hand so that the index finger and middle finger are holding onto the flange and the thumb is on the end of the plunger

3.14. Press down on the plunger in one continuous motion and inject the full volume of liquid in 6-8 sec.  Remove the needle from the vein and, with a tissue, apply gentle pressure to the tail to stop any bleeding.
3.14.1. Continue 3.1.10: Talent presses down on plunger and removes needle.  Talent then applies a tissue and pressure to stop any bleeding. 

3.15. Here, the injection process is shown in real time.  Note that full insertion of the needle is not recommended due to an increased risk of shearing of the vein.
3.15.1. USE 3.1.10 - injection

3.16. Following the injection, remove the mouse from the restrainer and place it in a recovery cage placed on top of a heating pad.  If the injection room is cold, this step is critical for mouse survival. Hold onto the tail of the mouse until bleeding stops completely. (Text overlay: bedding should be 37-38 °C).
3.16.1. CU:  Talent removes the mouse from the restrainer, holding the tail to prevent bleeding
3.16.2. MED:  Talent places mouse in a recovery cage still holding tail to stop bleeding
3.16.3. CU: Talent holds tail to stop bleeding and then removes tissue

3.17. Observe the mouse for 1 hour following hydrodynamic DNA delivery. An initial period of panting and immobility is normal but make sure that the mouse shows signs of recovery in approximately 5 minutes.
3.17.1. MED:  Talent looks in on mouse to see if it is recovering (show recovered mouse, do not show distressed mouse)

3.18. After the mouse has recovered, return it to the housing cage and ensure that it has an abundant supply of food and water.
3.18.1. CU:  Talent places mouse in housing cage then adds food and water


4. Large-volume tail vein injection using an alternative hand position
4.1.  [Daniella Kovacsics] “Next, we will demonstrate the tail injection method using an alternative hand position.  This method is particularly useful when it is necessary to inject the mouse closer to the base of the tail; for example, when correcting a failed injection on the same day or when injecting mice with shorter tails.
4.1.1. MED:  Talent, standing in front of injection area says the above line

4.2. Prepare the mouse for injection and position it in a restrainer as before.  
4.2.1. MED:  Talent places the mouse in the restrainer

4.3. Rest the non-injecting hand on a flat surface with four fingers bent at a ninety-degree angle. The fingers should rest on top of each other, creating a platform. Hold the tail of the mouse between the thumb and the pointing finger.
4.3.1. CU:  Talent rests the non injecting hand of flat surface with four fingers bent at 90 degree angle, talent rests the tail of the mouse between the thumb and forefingers (ONLY SHOW MOUSE TAIL)

4.4. Using the other hand, wipe the area to be injected with an alcohol swab. Allow the area to dry.   Grab the injection syringe with the injecting-hand and hold it by the flange and the end of the plunger, ready for injection.
4.4.1. ECU:  Talent wipes area to be injected with alcohol swab.
4.4.2. CU:  Talent Holds syringe by flange and end of plunger, then positions the syringe parallel to tail and injects.  (Editor: Use portion shown in red and continue the shot below)

4.5. Then, position the syringe parallel to the tail with the needle pointing toward the body of the mouse and the bevel of the needle facing up.  Inject as before.  
4.5.1. USE 4.4.2 Talent positions syringe parallel to tail and injects


5. Representative Analysis of Transgene Expression
5.1. To assess whether the addition of a 6XHIS tag at specific sequence locations interferes with correct processing and secretion of the baboon APOL-I protein, mice were injected with a plasmid carrying one of three differentially 6XHIS tagged baboon APOL-I genes and another plasmid carrying baboon HPR.
5.1.1. LAB MEDIA: 51481_Raper_Figure 2A and 2B  

5.2. The success of the injections was evaluated by western blot analysis of circulating HPR levels in mouse blood two days post injection. 
5.2.1. LAB MEDIA: 51481_Raper_Figure 2A and 2B  

5.3. As shown here, baboon HPR was highly expressed in the plasma of all but one of the transfected mice indicating that the HGD was successful.
5.3.1. LAB MEDIA: 51481_Raper_Figure 2A and 2B  

5.4. Minor drops in expression levels, as seen in one of the two mice in bAPOL-I 6XHIS group 1 are generally attributable to a very small, 1 to 2 second, reduction in injection speed.
5.4.1. LAB MEDIA: 51481_Raper_Figure 2A and 2B  

5.5. Here, plasma sample lane 1 shows a complete lack of protein expression.  This indicates a failure of HGD, most likely due to incomplete injection of the full volume of the delivery vehicle.   
5.5.1. LAB MEDIA: 51481_Raper_Figure 2A and 2B  (Editor, please highlight lane 1 in bAPOL-I 6XHIS group 3)

5.6. To assess the effect of 6XHIS tagging on bAPOL-I secretion, expression of 6XHIS was also evaluated.
5.6.1. LAB MEDIA: 51481_Raper_Figure 2C and 2D 

5.7. As seen here, there was a complete lack of detectable 6xHIS protein in groups 1 and 2.  The only group of mice that had detectable levels of the protein in their plasma was group 3. 
5.7.1. LAB MEDIA: 51481_Raper_Figure 2C and 2D   (Editor, highlight groups 1 and 2, then highlight group 3)

5.8. Taken together, this data indicates that the lack of 6xHIS-tagged protein in groups 1 and 2 is the result of differences in gene expression or protein processing rather than a failure of the injections. 
5.8.1. LAB MEDIA: 51481_Raper_Figure 2C and 2D  
 
5.9. It also highlights the importance of including a tracer protein in the injection mix to monitor the success of the HGD.
5.9.1. LAB MEDIA: 51481_Raper_Figure 2C and 2D  

6. Conclusion (said by authors on camera)
6.1. [Daniella Kovacsics]: After watching this video, you should have a good understanding of how to prepare the mice and the syringes and how to insert the needle into the tail vein for rapid injection of plasmid DNA to express genes in mice by hydrodynamic gene delivery. 
6.1.1. Interview style

6.2. [Daniella Kovacsics]  The most difficult aspect of this procedure is maintaining the needle in position throughout the injection. The correctly inserted needle may slip out of position because of accidental movement by either the injecting person or the non-anesthetized mouse. 
6.2.1. Interview style

6.3. [Daniella Kovacsics]  To increase the chance of success, we try to avoid injecting mice that are over 27 g in weight, as handling of a syringe that has been loaded to 3ml capacity is more difficult. 
6.3.1. Interview style

6.4. [author name]  We find that mice weighing 23-27 g are the most convenient to inject. The veins of mice weighing less than 20 g may be too small for injection.  
6.4.1. Interview style



Provided Media
51481_Raper_Schematic
51481_Raper_Figure 2A and 2B 
51481_Raper_Figure 2C and 2D  


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.
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