JOVE imaging protocol-in detail
Re-saved 08-12-13

Step-by-step movements:

After dissection is finished:

1-Transfer pinned samples (snake muscle-nerve prep) in Sylgard dishes to refrigerator. 

-wash with cold Ringers. Allow ~15 min to equilibrate.
2a-In some cases, we treat with the dye of interest before mounting the sample on imaging dish.

(e.g. LysoTracker or MitoTracker). These dyes reach equilibrium quickly, and can be washed out quickly. 

2b-For FM1-43 dye uptake, we typically pre-mount the sample in an imaging dish with magnetic pins first. (this is in part to allow the sample to equilibrate to the imaging conditions).  Nerve-side down- upside down relative to dissected orientation. Flip over with forceps. 
(NOTE: magnetic pins are tricky to use, and they vary in quality). Try to get as flat as possible, and stretch about as much as possible (cover as much of the glass surface area as feasible). Try to get the center of the prep in the center of the circle. Cover with just enough Ringer’s solution to keep moist. (Ringers should be changed occasionally). 
The imaging dishes are steel, with a round hole. A 25 mm cover slip is glued in with super glue. These are typically placed in the refrigerator at the beginning of the exp. 
Before the prep is in the dish, you should pre-set the objective position on the scope.  Clean the bottom of the dish with a Q-tip and lens cleaner. Add a drop of water to the coverslip. (Avoid bubbles!) Place on scope. Focus up until the objective touches the water. Return dish to fridge.  

MICROSCOPE- Pre-Setup:

3-Turn on the microscope setup. No real warm-up time is needed, but several parameters need to be set up in advance.

a-turn on the power strip above the desk. (Controls the DG4 lamp/excitation filter, the emission filters, and the photo shutter.).

b- turn on the power strip below the microscope. Controls the scope, the camera, and the XY-stage.

c- glitch correction-the XY stage must be reset to sync up. Push the reset button at back of XY stage controller (cleverly hidden all the way in the back corner). 

4-Start Slidebook 5.0 software. 

a-you will get an error message about the bright field lamp. Ignore. (see below).

Slidebook automatically opens a “Slide” for you on startup. It is a good practice to save it with a file name before starting your data collection. The desktop is the best place to store files in the short term.

Stimulation with FM or SGC5.

KCL is used as the example here. 

The most efficient way to do this is directly in the refrigerator, and then to move the dish to the microscope immediately after washing. 

However, in some cases, I have performed the FM addition while the sample is still mounted on the scope from a round of imaging. (e.g., to try to image the same terminals before and after dye addition, or for double-stimulation experiments). In this case, I use a combination of a P1000 pipet and Kimwipes to wash as thoroughly as possible. A squirt bottle of cold Ringers is essential. 

Make up a small volume of FM1-43 in cold Ringers containing 60 mM KCL (NACL compensated). We typically use a 1:500 dilution from a 2 mg /ml DMSO stock (Final concentration=7 uM.)

Remove as much liquid as possible from dish. 

Add the FM solution quickly using a P1000 pipet. Squirt up/down to mix. 

We typically stimulate for 1 min maximum. 30 seconds is often good enough. 

Wash several times with ice-cold Ringers.

Make sure sample is still covered with Ringers, but not floating in it.    

Mounting the dish:
Place the dish as close to the center of the stage as possible. This allows more freedom of movement, and avoids the possibility of not being able to image useful areas. (The “collar” at the bottom of the dish can restrict movement of the objective to the edges).

Also, remove other microscope objectives nearby, which can bump into the stage. 
Applying putty at the corners of the stage apparatus to more securely connect the dish to the stage can help to stabilize the dish. 
Tips for finding regions of interest:

Start more or less at the center of the prep. The region closest to the ribs will be obscured by the ribs, and the most distal region lacks axons and terminals.

Orient the dish so that the muscles run vertically. 

Look for the axon bundles-they look like spaghetti in brightfield.
Follow an axon bundle to a branching point. Follow the branch (horizontally).

Groups of terminals should be just above and below the axons running horizontally.

Sometimes the terminals themselves can be distinguished in brightfield, but often not so easily. The individual axons are more easily visible, branching off the bundle.
MICROSCOPE- Setting parameters
5- Setup

Open the “imaging” window (F icon). Several menus are contained here, in tabs.

a-Choose your objective using the buttons. For live imaging, we use the 63X water objective (NA=0.9). 

b-Set the z-stack interval using the second tab [ Z ]. The optimal z-stack interval for each objective is given as the default. For our purposes, we often set it to higher than optimal (1.5 um instead of 0.55 um) to collect more raw data in a more reasonable time frame. This can be corrected for later using image interpolation.

(THIS IS A”ONE_TIME” OPERATION AT START).
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Switching between eyepiece and camera visualization:

This is to my mind more difficult then it should be. Keep a ”Checklist” in your mind of exactly what is open or closed at any time, or you will get confused. 
1-The camera/eyepiece button must be properly selected

2- the appropriate filter set must be selected
3- the correct light source must be on (and the others should be OFF) 

4- the correct shutter must be open
Start with the brightfield (BF) view.
1-Select “BF” icon on the horizontal menu. This is on the ”FW/TRANS” filter wheel list. (First in drop-down menu list at left center of frame).  

2-Turn on brightfield shutter, using the left toggle switch on the shutter control box (small black box). –labeled -SYNC-ACTIVE-Flip up AND down once. 
(THIS IS A”ONE_TIME” OPERATION AT START).

3-turn on brightfield lamp using the small round button at bottom right of microscope itself. [HAL]
The large dimmer switch in the front of the scope controls the intensity of the BF lamp. 

If everything has been done correctly, you should see light coming from the top of the scope shining onto the sample. Use the course and fine focus wheels to find the focal plane of interest. 

Switching to fluorescence-eye piece view:

NOTE: this is frequently useless. The filter used in this setup is not optimal, and blocks a lot of light. Unless your fluorescent signal is very bright, you may see nothing with your eyes. DON’T GIVE UP!! 

-The camera can serve as your eyes, and does so with high sensitivity.

-Select “VISUAL” on drop-down menu.

-Select “Trip” icon.

-Turn on Shutter using icon at right center of screen. [Fluor ]
-Turn on lamp at bottom right of scope [FL on/off].

You will see fluorescent light shining on your sample (greenish).
Switching from eyepiece to camera: (for fluorescence)
Select “100% camera” on radio button in Focus window (sometimes this will be done automatically if you select camera start. 
Select a color on the FW/TRANS menu (FITC/TRITC/DAPI/CY3/BF/DIC).

(other filterwheels are used for Fura, etc). 

Open shutter on bottom of microscope [FL on/off ]

Start camera [ Start ] -data will start streaming at every 100ms (default setting)
There are several ways to boost camera intensity. The most important at first is to change the intensification setting [tab at top right]. 
THIS IS A”ONE_TIME” OPERATION AT START).

I usually go for a high setting (3000 or more out of 4000).  Drag on bar to change-This MUST be done while the camera is running. 
I would NOT change the gain settings (default =0) unless you are completely in the dark. (image resolution will suffer)
Subsequently, the refresh rate can be changed from the default of 100ms to anything up to 500ms, resulting in more light exposure. (Drag on bar in middle of window)

NOTE: NONE of these operations have ANY bearing on the settings used for actual data  collection. See below.
Switching between BF and fluor using the camera:

This is much more inconvenient than it should be. The BF shutter control is inoperative, so it must be done manually. 

a- Turn off flour. lamp, using BOTH these methods- turn off shutter, AND turn off toggle button on scope [FL on/of] (The FL indicator on the scope’s LED display will go away).

Turn on the [ HAL on/off] button. Voltage will be indicated on the LED above.
IMPORTANT: Adjust the BF light intensity down using the dimmer switch on the front of the scope. 

NOTE: A lower setting is required than what you se to view with your eyes  (usually 2-3 volts); otherwise, you will saturate the CCD camera. 
COLLECTING DATA:  (camera icon selected)
2D static images (easiest).

Open camera icon window. Leave open. Move to right screen.

There are multiple options at this point.

I will first discuss a simple 2D, two color collection ( FITC/TRITC).

The default image size is 512x512 pixels. An effective 4X zoom can be achieved by switching to 256x256. 

On the left menu, make sure (FW/TRANS) is displayed. There are six choices total.

Select FITC and TRITC. (boxes checked).
The default exp time is always 100 ms. See below to change.
I use a combination of exposure time and camera intensification settings to find the optimal settings, and maintain them for multiple pictures. Use the pixel histogram display at the bottom as a guide.

NOTE: There is a” find optimal” feature, but I find it consistently over-saturates images.

(Too many pixels in the right half of the pixel histogram indicates overexposure). 

(NOTE: if you open a new slide, you have to reset these parameters. Annoying).
 Write them down, or learn to use the preset programming option (upper left box)
The “intensification” scale (Drop down box on right) is a very broad one (0-4095). Small changes will not do much. However, very high numbers [above 3500] will often lead to high bkg. I shoot for between 2500 and 3000 for each channel (they MUST be set individually). If you fail to set one channel, you will get an error message.

If you are doing two-color labeling (e.g., FM and LysoTracker), try to avoid overlap as much as possible. (FM 1-43 has a broad emission peak, so some amount of signal in the TRITC channel is unavoidable.) The signal/noise for LysoTracker is very strong, so you can usually find a setting to make the lysoT vesicles show up without too much interference from the FM. 

Use the ”test” button. In fact, use it more than once, playing with the exposure time and intensification scale. 

Don’t forget to name your data collection before you press ”start”. Otherwise you get a default name. (untitled image) 
They can always be changed later using ‘get info”, button (ctrl I).
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Collecting BF and fluorescent images for the same sample:

Again, much more difficult than it should be. So I don’t do it very often. (takes up too much valuable time when live imaging). The BF shutter control is inoperative. Every time you  attempt to collect a BF image, you will get a prompt to open the BF shutter. Do this EVERY time. (quite annoying). 

These channels have to be collected separately, and merged later. (the filters are on separate filter-wheels, and the shutters can’t be remotely controlled). 
Select one set first (usually fluorescent is more obvious). Collect 2D or 3D image as described above/below.
On the FW/TRANS list:

De-select all the fluorescent channels.

Select the ”BF” channel.

Use the ”test” function to find  the right exp. time. As above, change both the exp. time and the intensification scale. However, a third variable (and the most important-is the voltage output from the BF lamp. (toggle switch at bottom of scope). 

If you are doing a 3D stack, do NOT change anything in the Z stack settings when you switch over to BF! Otherwise, the same Z planes will not be collected.

Start. You will get a message to turn on the Brightfield shutter at the beginning and end of each BF collection. 
3D collection (Z-stacks).

There are several methods to do this, but I prefer the “use top-bottom” method.

Focus on the fly in image mode-camera running. 
Select Z tab (second one from left).

Select “clear all” first. (wipes out previous marks) 

Manually focus until you are at the top of the focus of interest, then go a little bit above it. Select” Set top”. 

Slowly focus through your sample until everything is out of focus again. Select “set bottom”.

 You will now have a Z region selected. The number of slices to be collected will be displayed (this is proportional to the Z-distance already set). 

Switch over to camera mode. [camera icon]
Select 3D Button (top left of screen) (check box).

Select ”use top and bottom” button (at right). The number of slices to be taken will be displayed.

You should be ready to start. 

The filter wheels will switch back and forth for each plane if are doing multiple colors. 
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4D Collection (Z-stack plus time)

On camera mode-select BOTH “3D” and “Timelapse” buttons.

Enter the parameters for time-course.

Number of time points: (we usually do 10)

Time interval (default is milliseconds. Switch to seconds. We usually collect every 30 seconds).

Select ”use top and bottom” for the Z-stack you select (see above).

You are ready to start.

My advice is to setup everything else, and then set the Z stack at the last possible second before starting the dataset collection. There can be considerable time lags when coming up with file names, re –checking exposures, etc. 
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NOTE: For all time courses, Slidebook automatically counts in “real time”, regardless of how long each exposure takes (i.e., each channel’s exposure time is “factored in” to the elapsed time count). So, if you want to exposure two colors for 5 seconds each, and your time interval is only every 5 seconds, then you will be exceed the time interval. Try to set your exposure times for each channel as short as possible (100-250 msec) (this will also minimize any bleaching).
NOTE: all slidebook time lapses, bookkeeping-wise, define the first time-point as t=0. [NOT 1].  Same is true for Z-stacks. Kinda annoying. 

NOTE; SAVE your data frequently!  SB is a RAM-heavy program, and the computer is kinda old. 4D data sets are BIG files (typically 100 MB or more for 2-color imaging). Crashes do happen. Data saving is time-consuming, but necessary.

-----------------------------
Specific notes on snake imaging:
Drift is the bane of the existence of this prep. There is a consistent sample drift, in all directions. Z-drift is consistently in the “Down” direction (i.e., the sample appears to “sink” into  the Z-distance, toward the objective). I try my best to over-correct when setting the Z-stack for 4D collection. XY drift is also a problem sometimes. 

This problem is much worse in the initial 10 minutes after placing on the scope. 

For some data sets, we were able to use Drift correction algorithms in IMARIS (Bitplane) to eliminate the drift. Very handy.  Can also be done directly in Slidebook using Align timepoints function. 
When doing long-time collection (45 -60 min), sometimes I will change washes with cold Ringers. This is tricky to do without bumping the sample- using Kimwipes as absorbent helps. 
 Using the “mark XY” position function can help you find the same area of interest, but of course this assumes your sample has not moved in between (which it frequently does).
You can re-open an “old” SB slide to compare the live image to what you already have collected, BUT be careful when you start data collection that the ”Current” SB slide is selected so the data will be directed there and not to the “OLD” slide.
SGC5 is much brighter than FM1-43FX. It is usually visible through the eyepiece, while FM isn’t.

So, lower exp. times and intensity settings can be used. However, it also does seem to be more sensitive to photo-bleaching with repeated imaging.

For fixed samples:
We have both 63X and 100X oil objectives. 

I frequently remove the 100X obj. so it doesn’t bump into the live imaging dish. 

-If you are using fixed samples, the optimal Z setting (z-0.27 um for 63X) is usually the best.

If you have a DAPI stain of nuclei, they are usually the easiest to find.

NOTE:if you have both TRITC and Cy5 channel labeling, there can be overlap. I recommend taking the two channels separately, and merging them later. Use “user-defined color” to display Cy5 as something other than red (blue is a good choice). 
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