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TITLE: High throughput microinjections of sea urchin zygotes
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)?  YES, at steps 5.5, 5.7, 5.8, 5.9, 5.11, 5.14. We use inverted microscope  Axiovert 40C, Zeiss for injections. Optional – we could use Zeiss discovery.V8 microscope to show the fluorescence in injected embryos_________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? NO_________

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 5.2, 5.4, 5.5, 5.7, 5.8, 5.9, 5.11
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
Consistent and fast injection without breaking the needle and damaging the eggs. To ensure success one would have to practice and make sure to have a good injection needle. 
Introduction (Schematic Overview and Interview)

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

0.1. The overall goal of this procedure is to perform high-throughput microinjections of sea urchin zygotes.  (Intro).
0.2. To do this, spawning is induced in the sea urchins and male and female gametes are collected.
0.2.1. P1 (Editor could animate release of eggs or sperm and/or transfer to tubes shown)
0.3. The eggs are then de-jelled using acidic sea water and immobilize in a row on Petri dishes dishes (P2).
0.4. Sperm is then added to the eggs to fertilized them, and microinjection of the desired constructs or proteins is performed (P3).
0.5. Following microinjection the 3-AT water containing sperm is exchanged for with the fresh seawater. (P4).
0.6. The embryos are then monitored for phenotypic and/or molecular changes morphological studies or examining the temporal and spatial expression of RNA and proteins. (P5).
1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Nadezda Stepicheva] The main advantage of this technique over existing methods, like electroporation, lipofection, microparticle bombardment and transduction, is that it enables delivery of any solution with 100% efficiency using minimal reagents. 

1.1.1. Interview style

1.2. [Nadezda Stepicheva] This method enables efficient and reliable microinjection of 100-400 eggs on a single dish, or thousands of eggs per experiment, providing a high-throughput method for downstream analyses. 
1.2.1. Interview style

Protocol (read by voice talent at JoVE):
2. Experimental preparations

2.1. Prior to performing this experiment, prepare all stock solutions and equipment needed.  See the accompanying document for recipes.   

2.1.1. WIDE:  Talent at bench preparing one of the stock solutions

2.2. A mouth pipette will be needed for gentle handling of the eggs.  To prepare one,  begin by holding a glass micro pipette with both hands over an open flame. (Text overlay: 100 x OD 1.09 mm) As the glass begins to melt, carefully pull the ends of the pipette in opposite directions until the pipette separates into two halves.

2.2.1. MED: Talent holds glass pipette over open flame

2.2.2. CU:  Glass begins to melt and talent separates into two halves

2.3.  Next, connect one pulled pipette to plastic tubing 50-70 cm in length (Text overlay: ID 1.14 mm).  Apply Parafilm to create a tight seal.  

2.3.1. CU:  Talent connects one of the ends to plastic tubing and applies parafilm.

2.4. Insert a sterile P20 or P200 filtered tip into the other end of the tube for use as the mouthpiece.

2.4.1. CU:  Talent inserts tip into one end of tube

2.5. Finally, clip the end of the glass micropipette with scissors to adjust the diameter of the tip. The optimal diameter will slightly exceed the diameter of the egg, which is roughly 80 µm.
2.5.1. CU:  Talent clips the end of the glass micropipette with scissors

2.6. Next, prepare protamine sulfate coated dishes.    Lay out twenty 60 mm × 15 mm polystyrene Petri dishes on the bench top, and remove dish lids.  These will also be used as dishes.
2.6.1. MED:  Talent lays out twenty dishes on the bench top and removes lids

2.7. Pour 1% protamine sulfate solution, hereafter referred to as “PS solution” into each dish.  Add just enough to cover the surface, and incubate for at least 2 minutes. 
2.7.1. CU:  Talent pours PS solution onto surface of some of the dishes
2.8. Following the incubation, remove the PS solution, and save it for later use.  The leftover PS solution can be reused many times within 3 months when stored at 4 ºC.
2.8.1. MED:  Talent removes PS solution

2.8.2. MED:  Talent places PS solution in fridge
2.9. Place the PS-treated dishes in a beaker filled with distilled water. Then, place the beaker under running distilled water for at least 10 minutes.
2.9.1. CU: Talent plates the dishes in a beaker filled with diWater
2.9.2. MED:  Talent places the beaker under running water

2.10. The PS-coated dishes can be used immediately or air-dried for storage. Cover them to prevent dust accumulation. They can be stored at room temperature for up to 1 month. 

2.10.1. MED:  Talent air dries 

2.10.2. CU:   Talent covers for storage

2.11. To fabricate injection capillaries, use a needle puller. Ideally the needles should have a tip diameter of 5 µm and have 570 µm of length to the point at which the needle diameter is 50 µM, as shown in this diagram. 
2.11.1. MED:  Talent using needle puller

2.11.2. LAB MEDIA: 50841_Song_Figure 4
3. Collecting sea urchin gametes
3.1. To spawn sea urchin, remove an animal from the tank using a net and place it on a paper towel.  Then pick up the animal and, holding it tightly, shake it.

3.1.1. MED:  Talent removes animal from tank and places the animal on a paper towel.
3.1.2. CU:  Talent picks up animal and holds in palm and shakes it.

3.2. Alternatively, perform an intracoelomic injection as follows. After removing an animal from the tank, hold the animal in one hand, and use a 20 G needle connected to 10 mL syringe to inject  1 mL of 0.5 M KCl into the peristomial membrane, the only soft part of the animal.

3.3. After 1-10 minutes, the animal’s sex will become apparent.   Males will begin to release white sperm and females will begin to release yellow eggs.
3.3.1. CU:  Animal begins releasing yellow eggs
3.3.2. CU:  Animal begins releasing white sperm
3.4. If the animal is a male, collect the sperm dry from the surface of an animal using a P10 pipette and transfer it into a 1.5 mL tube. Dry sperm can be stored at 4 ºC for a week without significant loss of biological function.

3.4.1. CU:  Talent uses P10 to collect sperm and transfers it to a 1.5 mL tube

3.4.2. MED:  Talent places tube rack with sperm sample infridge

3.5. If the animal is a female, immerse the gonopores in a beaker full of seawater to collect its gametes. The eggs released from gonopores will settle down by gravity. 

3.5.1. CU:  Talent immerses the gonopores in a beaker full of sea water and the gonopores settle by gravity.
3.6. Within 5-7 hours of spawning, filter the eggs from debris, such as animal spines, by pouring the seawater containing the eggs through an 80 µm nylon filter mesh into a clean beaker on ice. 
3.6.1. CU:  Talent pours seawater through the filter into beaker on ice

3.7. To dejelly the eggs, transfer up to 1 mL of eggs into 100 mL acidic sea water in a plastic beaker and gently swirl for 3-4 minutes. (Text overlay:  see accompanying text for information on adjusting pH).  Then, allow the eggs to settle on ice for 10 minutes.
3.7.1. CU:  Talent adds eggs to a tube with acidic sea water and swirls

3.7.2. CU:  Talent places eggs on ice and allows them to settle.

3.8. Following treatment, carefully pour off acidic seawater.  Then, add fresh sea water and let the eggs settle down on ice again. De-jellied eggs can be stored on ice for up to 6 hours without affecting fertilization. 
3.8.1. CU:  Talent pours off acidic sea water

3.8.2. MED:  Talent adds fresh seawater to eggs and places them on ice

4. Rowing the eggs

4.1. Immediately before performing microinjections, pour 3-4 mL of 1 mM 3-AT seawater into each PS-coated dish.

4.1.1. MED:  Talent pours 3-AT seawater into each dish

4.2. [Nadezda Stepicheva] “The eggs should be rowed right before the injections, because fertilization problems may occur if there is prolonged exposure to 3-AT seawater. Moreover, cationic adhesives like PS can be toxic to eggs, so exposure time should be limited, especially if the fertilization envelopes have been removed.”
4.2.1. MED:  Talent looks up from pouring 3-AT seawater and says the above line

4.3. Secure the tip of the mouth pipette with the teeth and aspirate a small amount of seawater.  This will increase control over the eggs when they are aspirated.
4.3.1. CU:  Talent places tip of pipette in mouth and secures with teeth and 

4.3.2. CU:  Talent places other end in sea water and aspirates some sea water

4.4. Next, position the micropipette tip near the eggs and gently aspirate several hundred eggs, confining them within the glass micropipette. 

4.4.1. ECU:  Talent positions micropipette tip near eggs aspirates eggs into the glass

4.5. Next, while moving the tip in a straight line, gently blow them out of the pipette into the dish to form a row. 
4.5.1. ECU:  Talent gently blows eggs while moving tip in straight line

4.6. Using a glass pipette, make a scratch on the dish near the line of rowed eggs.  This scratch may be used later to break the injection needle to adjust the flow of solution as needed during the microinjection process.

4.6.1. CU:  Talent makes scratch on dish near rowed eggs

5. Microinjection of the sea urchin zygotes.

5.1. Turn on microinjection station. Here a Femto Jet injection system is used.

5.1.1. MED:  Talent turns on microinjector

5.2.  Carefully, using a pair of forceps, mount the needle capillary on a needle-loading holder. Avoid touching the end of the needle to prevent contamination of the needle opening. Using a microloader tip, load it with  up to 0.5 µL of a sample injection solution. 
5.2.1. CU:  Talent mounts needle

5.2.2. CU:  Talent loads needle capillary with injection solution

5.3. Place the dish with rowed eggs on the microscope stage, and position the dish so that the eggs are aligned vertically when viewed through eyepieces. Bring the eggs into focus. 
5.3.1. MED:  Talent places dish on scope stage

5.3.2. SCOPE:  Talent aligns eggs vertically and focuses

5.4. Carefully mount the loaded needle onto the needle holder of the microinjector, and adjust the position of the needle so that the tip is perfectly in focus the middle of the field of view.
5.4.1. CU:  Talent mounts loaded needle

5.4.2. SCOPE:  Talent adjusts the focus to perfectly focus the tip in the middle of the field of view

5.5. Next, to clean the needle, depress the button to apply the maximum pressure. Viewing through the microscope, the solution will be seen as it is expelled from the needle. 
5.5.1. CU:  Talent depresses button to clean needle

5.5.2. SCOPE:  Solution comes out of needle. 

5.6.  Adjust the pressure to be in the range of 90-360 hPa for injection, with the compensation pressure at approximately 1/3 of the injection pressure.

5.6.1. CU:  Talent adjusts pressure as above.
5.7. Next, to examine the flow of the injection setup, direct the tip of the injection needle to and unfertilized egg.  Then, to facilitate needle entry, create a slight trembling by gentle tapping the stage with a hard object such as a screwdriver.  
5.7.1. SCOPE:  Talent directs tip of injection needle to egg

5.7.2. CU:  Talent taps on the stage with a screwdriver Note from author: “I did multiple tapping on the video; but in this context I should have tapped only once. Could you show only one tap?”
5.7.3. SCOPE:  view of egg as talent taps on stage with screwdriver
5.8. Press on the foot pedal to inject the egg.   An injection bolus should be seen. The diameter of the bolus should not exceed 1/5 of the diameter of the egg.
5.8.1. CU:  Talent presses on foot pedal

5.8.2. SCOPE:  injection bolus inside the egg should be seen

5.9. If the injection bolus is not visible, raise the tip of the needle to just above the eggs.  Then, locate the scratch on the dish and adjust it to be positioned in the middle of the field. 
5.9.1. SCOPE:  injection bolus not seen after injection, talent raises tip of needle and adjusts position of scratch (Combined with 5.10.1)
5.10. Gently tap the needle tip to the scratch mark to break the tip of the injection needle.   The slightly wider tip opening will enable easier solution flow and the sharp edge of broken tip facilitates needle entry.
5.10.1. SCOPE:  Talent taps needle tip to scratch mark and tip of injection needle breaks (Combined with 5.9.1)
5.11. Once the settings on the injector have been fine-tuned, fertilize the eggs by adding 2 µL of sperm. Mix well, taking care to prevent dislodging the row of eggs. 

5.11.1. CU:  Talent adds sperm and mixes

5.12. Immediately after the fertilization envelope becomes visible, start injections.  Using joystick micromanipulator, move along the line of rowed eggs using the stage controller and inject as many zygotes as possible. Tap the stage with screwdriver while injecting to facilitate needle entry.
5.12.1. SCOPE:  Fertilization envelope become visible 

5.12.2. CU:  Talent using joystick

5.12.3. SCOPE:  Talent moves along line of rowed eggs and injects 
5.12.4. Reuse 5.7.2 (one tap)
5.13. After 10-15 min, the newly fertilized eggs will become hardened and can no longer be injected. Remove the dish from the stage and, using a plastic Pasteur pipette, carefully aspirate the 3-AT seawater containing sperm. Do not let the zygotes dry.

5.13.1. SCOPE:  eggs are hardened, injection fails

5.13.2. MED:  Talent removes dish from stage

5.13.3. CU:  Talent aspirates out sperm with pipette

5.14. Add fresh, pre-chilled, seawater and cover the dish. Incubate at 15 ºC.

5.14.1. CU:  Talent adds seawater and covers the dish

5.14.2. MED:  Talent places in incubator

5.15. Following injection, monitor the embryos for phenotypic or molecular changes as appropriate for the experiment.
5.15.1. MED:  Talent examining embryos under microscope

6. Injection of reporter constructs does not affect development
6.1. To determine whether injection of reporter constructs affected development, GFP and mCherry reporter constructs were in vitro transcribed and microinjected into the newly fertilized eggs. 
6.1.1. 50841_Song_Figure 6

6.2.   The injected eggs shown here can be clearly distinguished from those not injected, which are indicated by the arrows.
6.2.1. 50841_Song_Figure 6

6.3. Embryos were incubated at 15 ºC for 24 hrs to the blastula stage and imaged. As can be seen here, the injected embryos, which are colored, have the same morphology as non-injected eggs, which are grey.  This suggests that injection of reporter constructs does not lead to any developmental defects.
6.3.1. 50841_Song_Figure 6
7. Conclusion (said by authors on camera)
7.1. [Nadezda Stepicheva]: After watching this video, you should have a good understanding of how to microinject sea urchin zygotes.
7.1.1. Interview style
7.2. [Nadezda Stepicheva]: Microinjection is a valuable tool for research in genetics, molecular, cellular, and developmental biology. 
7.3. [Nadezda Stepicheva]: Using this technique, the sea urchin community has made significant contributions to our understanding of cell and developmental biology including cell fate specification, gene function, gene regulation and biochemical pathways underlying embryonic development.
7.3.1. Interview style
Provided Media
50841_Song_SchematicOverview
50841_Song_Figure4B
50841_Song_Figure 6
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.

( 2010, Journal of Visualized Experiments


