Viral Infection of Organotypic Hippocampal Mouse Cultures Using Sindbis Virus
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Abstract:

The use of Sindbis virus in the infection of hippocampal slice cultures is advantageous for applications that require high infection efficiency and protein expression levels. Hippocampal slice cultures are optimal for experiments that require combined imaging and electrophysiology because they are thin (typically ~ 100 m), grow large numbers of synaptic connections, and show robust long-term potentiation (LTP). In this protocol, a modified Sindbis virus is injected onto organotypic hippocampal slice cultures made from post-natal-day (PND) 7 rat pups. We have developed a mouse hippocampal slice culture protocol based on the Stoppini method that can be infected with Sindbis virus. This allows the investigator to combine infection with knock-out technologies for a powerful toolkit. Here we outline a protocol for the creation of mouse hippocampal slice cultures, which is optimized for infection and imaging applications. We demonstrate how to infect the cultures using a prepared Sindbis virus containing GFP for the purpose of dual imaging and electrophysiological experiments. Finally, we provide troubleshooting tips for the creation of the organotypic mouse cultures and the infection of the cultures. 
Protocol for making mouse hippocampal slice cultures based on the Stoppini method.

As a rule, it is best to make new culture solution every two months. All solutions should be prepared in a sterile environment and should be sterile filtered. Cultures should be stored in a water-jacketed cell-culture incubator at 35°C containing 5% CO2. A standard dissection microscope is required for this protocol.
Solutions:

Before beginning the dissection prepare the following solutions:

a) Cutting buffer

b) Culture solution
Cutting buffer should be made in a 500 ml sterile filter-set in a sterile hood.  Make two batches of cutting buffer: (1) to be aliquoted into 45 ml batches in 50 ml conical tubes, transferred to 15 cm sterile Petri dishes, and  frozen at -80°C; (2) to be aliquoted into 45 ml batches in 50 ml conical tubes and stored at 4°C. 
To make cutting buffer:

1) Add 500 ml of Gey’s Balanced Salt Solution (GBSS) 

2) 5 ml of 1M stock MgCl2
3) 10 ml 45% glucose (made in dH20)

4) 2.38 g HEPES

Sterilize, filter and test for pH. pH should be 7.2. If the solution is too basic, add 1M KOH drop-wise to the solution until it reaches a pH of 7.2. The solution should then be aliquoted into sterile 50 ml conical tubes under sterile conditions.

To make culture solution:

1) Add 250 ml of MEM + Glutemax

2) 125 ml of Earle’s Balanced Salt Solution (EBSS)

3) 125 ml of heat-inactivated horse serum

4) 10 ml of 50X B27 supplement

5) 32.5% glucose (made in solution with MEM + Glutemax)

Culture solution should be stored at 4°C.
Mouse hippocampal dissection:

Day before the dissection: 

-Before starting the mouse hippocampal dissection make sure that at least one Petri dish filled with the cutting buffer is frozen. This can be done by placing the dish in a -80°C freezer 1-2 hours before the dissection, but it is easier to do this 24h in advance. 
-Autoclave dissection tools. Tools for this dissection consist of: 2 small rounded spatulas; one pair of 17 cm straight Mayo scissors; one pair of 9 cm straight Iris scissors; one pair of Moria hippocampal dissecting tools; one pair of Dumont #5 fine tip forceps; one pair of straight 12 cm serrated Adison forceps; one glass Pasteur pipette with broken tip and bulb filler; one small blade holder/breaker; high carbon content breakable double sided razor blades; and one small Moria spoon/spatula. Most of these tools can be ordered from Fine Science Tools. 
-Autoclave filter paper. Filter paper should be Whatman 4.25 cm diameter 20-25 m pore size. Filter paper should be placed in a glass Petri dish and autoclaved before the dissection.
-Prepare cutting surface and razor blades: The McIlwain Mechanical Tissue Chopper comes with a cutting surface that should be covered by a round piece of plastic that is slightly larger than the cutting surface. 3M-transparancy sheets cut into circles are a sufficient cover for the cutting surface. They can be made and stored in a Petri dish ahead of time. Sterilize the surface using 70% EtOH. Prepare micro-blades for tissue cutting by breaking razor blades into small shards using the small blade holder. These can be prepared ahead of time and stored in a sterile Petri dish.
-Other materials needed before beginning the dissection: Millipore Millicell Organotypic Inserts; 6-well cell culture dishes; a 50 ml Pyrex beaker; a dissection microscope (like a Zeiss StemiSV6); and a McIlwain Mechanical Tissue Chopper. The tissue chopper should be set to make slices of 300m thickness. The McIlwain tissue chopper requires the use of double-edged razor blades. 
Day of the dissection:

For the mouse hippocampal dissection, it is important to use PND 6-7 mice pups. This protocol has been optimized for the dissection of two rat pup hippocampi to be infected using Sindbis virus 3 days after dissection. It is assumed that all these procedures will be carried out under sterile conditions. All surfaces should be thoroughly cleaned with 70% EtOH immediately before the dissection, including the blade and cutting surfaces on the McIlwain Mechanical Tissue Chopper. 
1) Pipette 1 ml of culture solution into 6 wells of a 6-well culture dish. Be sure the solution contains no bubbles.
2) Carefully place each organotypic insert into each well, making sure that no bubbles appear. 

3) Place 6-well dish in a water-jacketed incubator (35°C, 5% CO2). This is essential to keep the slices at physiologic condition during development and thinning of the slice.
4) Obtain ice and place 5-50 ml conical tubes filled with 45 ml cutting buffer in the ice.
5) Place 5-15cm Petri dishes in work area and take one of those and place in the ice.

6) Prepare work area by placing tools, assembling the cutting plate and blade on the tissue chopper and getting animals. When the transparency sheet is placed over the cutting plate on the tissue chopper, it should be flat with no bumps or ridges. 
7) Get one Petri dish of frozen cutting buffer from the -80°C freezer.

8) Arrange dissection area by breaking up the frozen buffer into chunks. 1/2 of the frozen buffer should be placed in the 50 ml beaker and 1/2 should be placed in the Petri dish on ice. Then pour one full conical tube of cutting buffer into the 50 ml beaker and one full conical tube into the 15 cm Petri dish on ice.

9) Decapitate mice pups with the Mayo scissors and cut away the skin to reveal the skull.

10) Starting from the cerebellar (lambda) region of the brain, make a longitudinal cut with the  9 cm straight Iris scissors toward the nose of the mouse towards bregma, stopping the cut slightly past bregma. Be careful not to touch the brain with the scissors as it will bleed and damage the tissue. 
11) Make two small cuts along bregma in order to open the skull.

12) Using the straight 12 cm serrated Adison forceps, gently pull away the skull to reveal the intact brain.

13) Slide the small spatula under the entire brain and gently scoop it into the Petri dish on ice containing the cutting buffer and frozen cutting buffer chunks.

14) Repeat these steps for the second animal.
Dissection of the Hippocampus:

1) Place one piece of Whatman filter-paper in a 15 cm Petri dish and add one piece of frozen buffer and one full conical tube of cutting solution into the dish. Place one whole brain, midbrain side down in the dish on the paper.
2) Using the hippocampal dissection tool, cut the brain at the cerebellum, removing it.

3) Then cut the brain at the midline producing two brain halves. 

4) Using the small spatulas, gently dissect out the midbrain for each half, leaving the hippocampus visible.
5) Slide one spatula under the hippocampus and use the pair of Dumont #5 fine tip forceps to remove any blood vessels around the hippocampus, being careful not to touch the hippocampus. 
6) Using the micro-blade shard in the small blade holder, cut around the hippocampus and through the cortex, leaving a little bit of cortex around the perimeter of the hippocampus. Then roll the hippocampus out of the cortex.
7) Repeat this for the other brain halves.
8) Transfer the hippocampi to the tissue chopper. Make sure to transfer them so that the rounded sides of the hippocampi are face up and that they all have the same orientation with the curve of the hippocampus facing away from you and up.
9) Use 2-3 sheets of the Whatman filter paper and gently remove the excess cutting buffer from the cutting surface of the tissue chopper. Remove as much cutting buffer as possible before slicing, being careful not to touch the hippocampi. 
10) Turn on tissue chopper and slice the hippocampi using the highest blade force setting and using a medium-fast chopping speed.
11) As hippocampi are being sliced, fill two 15 cm Petri dishes with one full conical tube of cutting buffer each. Place bulb suction onto broken glass Pasteur pipette. 

12) After tissue has been chopped, remove the transparency plastic that covers the cutting surface that the hippocampi are resting on. Be careful not to bend or warp the plastic as you remove it from the tissue chopper.

13) Invert the hippocampi into one Petri dish with the cutting buffer and shake vigorously to dissociate the sliced hippocampi into the buffer. 
14) Using the small spatulae, gently separate the hippocampal slices, being careful not to touch the flat surfaces of the hippocampus. The best approach is to separate the slices at the Entorhinal cortex.
15) After separating slices, use the Pasteur pipette to move the best slices to the second Petri dish for transfer to the 6-well plate. Slices should be symmetrical, with no obvious cuts or tears, and a clearly defined dentate gyrus, CA1, CA2, and CA3 regions. No blood vessles or other debris should be present. The maximum number of slices per well is three, or 18 total slices for a 6 well plate.

16) Gently drop each individual slice onto the membrane in the 6-well plate leaving the least amount of cutting buffer possible on the membrane. Any remaining cutting buffer can be removed using a 200 l pipette. When removing excess cutting buffer, be careful not to touch the slices. 
17) After placing all slices, move the entire plate to a water-jacketed 5% CO2 incubator at 35°C. 
18) Change the media two days after the dissection and then after that change the media at least every three days. Media should be changed by filling a new 6-well plate with culture solution, and allowing it to warm for 15 minutes. Then the inserts with the attached organotypic slice cultures should be lifted out of the old solution and gently placed into the new well with fresh culture solution.
Viral injection of mouse hippocampal slice cultures (3 days after making slice cultures):
Materials needed for viral injection:
- 1.5 cm Petri dish.
- 3-4 glass micropipettes pulled to a sharp tip ~ 2 m (it is best to use glass pipettes used in electrophysiological patch clamp recordings, World Precision Instruments (WPI) Item No. 4878 are suggested).
- Mineral oil (biological grade).
- Access to a UV hood.
- A WPI Nanoliter 2000 injector attached to a micromanipulator.
- A Dissection microscope (e.g. a Zeiss StemiSV6).
- A syringe and pipette filler to fill the glass micropipettes (e.g. WPI MicroFil).
Working with a virus requires a high level of vigilance. The modified Sinbis we use is BSL 2 which is a replication-deficient virus – but check with your institution’s guidelines for safe handling protocols. Make sure all areas are cleaned with 70% EtOH and 10% Bleach solutions before and after using the virus. Be sure to dispose the virus according to institutional guidelines. 
1) Fill 1.5 cm Petri dish with culture solution and place in the incubator to warm for at least 15 minutes.

2) Fill each well of a 6-well culture plate with 1 ml of culture solution and place in incubator.

3) Break the tip of the sharp microelectrode to a tip size of 15-20 m, this can be done using a microscope and a calibrated slide, or a MicroForge (e.g. Narishige MF-830).
4) Get ice and thaw a 5 m aliquot of virus in the ice

5) Place glass micropipettes and mineral oil under UV sterilization for 15 minutes.

6) While pipettes and mineral oil are under sterilization, cut one square of Parafilm approximately 1 inch by 1 inch and place under the microscope.

7) After UV sterilization, fill pipette tip with mineral oil using the pipette filler (MicroFil) sliding the filler into the glass micropipette and using positive pressure-make sure that there are no air bubbles. The tip should be filled with approximately 1-2 m of mineral oil.
8) After positioning the Nanoliter 2000 injector at the dissection microscope, attach the micropipette and lower under the microscope to inspect tip for bubbles. If there are bubbles in the tip, discard and use another micropipette. 

9) Using a 10 l pipette-man, place a 3 l droplet of the virus in the center of the Parafilm.
10) Lower the micropipette into the droplet until it has slightly penetrated the droplet and press the "fill" button on the Nanoliter 2000 injector to fill the micropipette with virus. When the droplet disappears under the microscope, the micropipette is filled. Discard Parafilm.
11) Remove the 1.5 cm Petri dish and the 6-well plate of cultures from the incubator. 

12) Move one culture membrane with the slices attached into the 1.5 cm Petri dish. Place the dish under the dissection microscope and locate an area of interest. Lower the micropipette onto that area of the slice culture. The pipette tip should be as close as possible to the somatic layer of the hippocampus. Injection points as close to the cell layer at single cells is important in getting localization of the infection.
13) Locate the tip of the micropipette by just gently touching the surface of the slice culture, going too deep will puncture and damage the slice. Press "inject" on the Nanoliter 2000 injector twice, and look for fluid to eject from the tip of the micropipette. If fluid can be seen, press the button one more time for a total of two times. If fluid cannot be seen press "inject" until it can.

14) Locate a second position within the area of interest at least 1-2 mm away from the initial injection site and repeat the procedure for injection. This allows for two independent injection sites and optimal spatial coverage of the virus. This the number and spacing of the injection sites can be adjusted empirically depending on the application.
15) Repeat the same procedure for all the slices on the culture membrane and return the membrane to the 6-well culture dish. When all slices have been injected, move all membranes with newly infected slice cultures to the new 6-well culture plate in the incubator. 
16) Slices should incubate for 18-24 hours use. GFP can be detected within 6 hours.

Tips for viral infection and mouse hippocampal dissection:
1) The health of the slices is paramount in obtaining maximal Sindbis virus transfection efficiency. Be sure to use slices that are very healthy. This can be determined by looking at the arrangement of looking at the Dentate Gyrus, CA1, and CA3 regions of the hippocampus. If clear areas of cell bodies cannot be seen for each region, then the slices are not healthy and should be discarded.

2) Even modified Sindbis virus is neurotoxic1. Therefore, imaging and electrophysiological experiments should optimally be performed within 1-2 days of infection.

3) The virus titer for infection of hippocampal slice cultures should be higher than that used in  other applications such as single cell culture or molecular cell experiments in order to achieve maximal infection efficiency.
4) If, after infection,  the cells do not express the protein clearly or the cells are otherwise morphologically distorted, then the slices are not healthy.

5) Injecting the same area more than once can increase infection efficiency, at the risk of decreasing the accuracy of the viral spread. This needs to be adjusted empirically during experiments.

6) Because the size of the mouse brain is significantly smaller than that of the rat, special care must be taken during the initial dissection not to cut the hippocampus . This can be achieved using smaller dissection tools and higher magnifications under the dissection microscope.
7) The physiological conditions for the maintenance of healthy mouse slices are slightly different from rat. The health of mouse slices are not as stable in slice culture as rat. Mouse slices can be kept at optimal health by tightly controlling the pH of the cutting buffer, keeping the slices very cold during the dissection, and only dissecting hippocampi from mice that are PND 6 or 7. The younger the experimental animal, the healthier the slices are. In some applications it is also appropriate to dissect from PND 5 mice. Slice cultures from PND 8 mice are usually unhealthy.
Discussion

Brain slice cultures allow maximal flexibility when performing both electrophysiological and imaging experiments1. Slice cultures can survive in vitro for a number of weeks (up to 4), as compared to hours for acute slices. They can be easily transferred back and forth between the culture medium and the recording chamber, allowing the application of drugs or toxins for prolonged periods of time before and or after performing experiments. Furthermore, because brain slice cultures can be transferred to and from the culture dish multiple times, prolonged studies of gene expression, morphological activity, and protein turnover can be performed. Finally, explanting tissue from transgenic animals to create brain slice cultures before early postnatal mortality occurs, as is often the case, gives the experimenter the ability to assess the functional significance of expressed trans-genes.
Organotypic slice cultures, after being explanted, undergo a period of initial synaptogenesis, followed by the maintenance of a stable and highly organized cytoarchitecture that closely resembles that seen in acute slices.  A number of studies have established that organotypic slice cultures, after explantation, retain a complexity of neural circuitry that is comparable to what has been observed in in situ preparations2. In fact, the morphological characteristics of CA1 pyramidal neurons in both mature organotypic and acute hippocampal preparations are remarkably similar. For instance, the length of the primary apical dendrite and the number of basal dendrites in the organotypic slice preparation is not significantly different than that observed in acute slices. Furthermore, there is no significant difference between the pattern of dendritic spine shape distribution along apical and basal dendrites in either preparation2. 
With some exceptions during slice culture development, mature brain slice cultures maintain normal electrophysiological properties as compared to mature acute slices.  For example, the frequency of synaptic currents recorded from CA1 pyramidal cells in the acute slice preparation does not differ significantly from that recorded in CA1 pyramidal cells in organotypic slices (5.6 ± 0.8 Hz vs. 6.8 ± 2.0 Hz, respectively)2. Furthermore, the amplitude and time course of mEPSCs recorded from CA1 pyramidal neurons in acute slices versus organotypic cultures do not differ significantly (amplitude: 8.4 ± 0.3 pA in cultured slices vs. 9.0 ± 0.7 pA in acute slices)2. Unitary EPSCs recorded from monosynaptically paired CA3 pyramidal neurons in both acute hippocampal slices and organotypic cultures also have similar amplitudes (28 ± 6 pA vs. 23.6 ± 6 pA, respectively)3,4.
The protocol outlined here is particularly useful in live-cell morphological studies that involve the tracking of dynamic structures over periods of time because organotypic slice cultures: (1) localize and express high levels of transfected cDNA, and (2) allow high spatial resolution to be achieved in a live-cell setting using standard epifluorescence microcopy, as opposed requiring two photon laser scanning microscopy as in acute brain slices5. Slices that have been imaged can then be fixed and processed for either traditional immunocytochemical studies, and/or more detailed confocal microscopic analysis.
Another advantage of the use of organotypic slice cultures made from mouse using this protocol is that the tissue thins considerably during the incubation time period (from ~300 m at the time of explantation, to ~100 m at DIV 7). The cultures can then be readily transfected (using biolistics, electroporation, or viral vectors) with different genes, and used in studies that combine optical imaging with either traditional electrophysiology or microphotolysis1,6. The use of Sindbis viral infection in this protocol allows for the fast expression of proteins, and can be combined with gene-targeted mice lines for use by the researcher in studying the morphology and physiology of synapses in the brain7. Organotypic hippocampal slice cultures are integral in vitro systems for understanding the function of neuronal circuits and single neurons. When adapted to particular experimental questions, our protocol provides an important tool for performing both electrophysiology and imaging. These approaches can yield important data to assist the researcher in decoding the function of mammalian brain structures.
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