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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)?  ______ Yes. The step 2.3-2.4 requires manipulation of specimens under a dissecting scope. The step 4.6 makes a use of a stereoscope attached to the automated freeze substitution machine. The step 4.9 is carried out using an ultramicrotome (Leica UC6).   ____


B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _____Yes. The step 7.1-7.8 describes the use of photoshop for aligning images.____


C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____


1. Step 4.2 (preparing 100% GMA stock solution)


2. Step 4.7-4.8 (polymerization of GMA)


3. Step 4.9 (sectioning)


4. Step 5.9-5.15 (PALM imaging)


5. Step 6.2-6.4 (SEM imaging)


6. Step 7.1-7.8 (image alignment) __


D.  What is the single most difficult aspect of this procedure?  


Image alignment





1. Introduction (Schematic Overview and Interview)





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





�


Schematic Overview: 


(Intro) The overall goal of the following experiment is to localize proteins in electron micrographs using correlated fluorescence and electron microscopy. Here, this method, known as nano-fEM is used to localize? proteins in C. elegans.  


Title screen





(C1) First, a transgenic worm expressing histone::tdEos is embedded in plastic and sectioned.


C1





(C2) Each section is imaged by both ‘photo-activated localization microscopy’ or PALM, and (C3) scanning electron microscopy.


C2


C3





(C4) The two micrographs for each section are aligned using fiducial markers using Photoshop. The correlative image shows the localization of histone molecules in nucleus.   


C4





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








[Erik Jorgensen] The main advantage of this technique over existing methods, like immuno-EM, is that genetically encoded fluorescent proteins are used as probes. 





[Erik Jorgensen] Immuno-EM has limitations because many antibodies are not compatible with plastic embedded specimens, and even if they are, proteins deep within the plastic sections are typically not labeled. This technique overcomes these problems. 





[Erik Jorgensen] The procedure will be demonstrated by Shigeki Watanabe from my laboratory.  








Protocol (read by voice talent at JoVE):





High-pressure freezing  


The following procedure will be demonstrated using transgenic nematodes that express histones tagged with the fluorescent protein tdEos. 


Title screen





[Shigeki Watanabe] “For this demonstration, we will use bacteria as a cryo-protectant for freezing C. elegans.  Note that 20% BSA can also be used as a cryo-protectant by simply pipetting in ~1 µl to slightly overfill the specimen carrier and transferring animals into the drop of 20% BSA.”  


MED:  Talent looks up from preparing the work area for preparation of fixatives and says the above line


CU (optional):  Talent pipettes BSA into overfill specimen carrier and transfers animals into the drop of BSA





One hour before freeze-substitution, fill the automated freeze-substitution, or “AFS” device with liquid nitrogen. 


MED:  Talent fills AFS with liquid nitrogen (Overlay: Leica AFS)   





Also in advance, prepare the needed fixatives according to the instructions in the accompanying document.   Store the fixatives in 1 mL aliquots in cryovials and place them in liquid nitrogen until they are used.


MED:  Talent at bench preparing fixatives (fixative: osmium tetroxide and potassium permanganate in acetone)


CU:  Talent places cryovials in liquid nitrogen





Use a paint brush to scoop animals from a lawn of bacteria and transfer them to fill a 100 µm specimen carrier. Slightly overfill the cup to ensure that there are no air bubbles when capped.


CU:  Talent fills specimen carrier with worms and bacteria (Overlay: carrier used varies depending on the sample)





Place the specimen cup in the armature of a high-pressure freezer to freeze it. Then, immediately transfer the sample to a liquid nitrogen bath next to the freezing chamber.   


MED:  Talent places specimen cup in freezing armature are freezes (this takes about 1 second).  Talent then immediately transfers the sample to liquid nitrogen.





Next, using an awl and a pair of forceps, transfer the specimen into a cryovial containing fixatives. Make sure the specimen stays under the liquid nitrogen at all times. Repeat this process with each specimen.  Then transfer all of the cryovials into the AFS unit.


CU:  Talent transfers the sample to liquid nitrogen  


CU:  Talent transfers the sample to cryovial with fixatives 


MED:  Talent starts transferring cryovials into the AFS unit





Freeze-substitution


Once all of the cryovials are placed in the AFS unit, start the program.


CU:  Talent finishes placing cryovials in AFS unit and starts the program (Overlay:  Program the AFS in advance according to instructions in the accompanying document)





The freezing and processing protocol is shown in this diagram.  During the initial -90ΊC incubation, the vitreous ice is replaced with the fixative in acetone. Then, as the temperature rises, the fixative in the liquid acetone cross-links the sample to preserve structure. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (Arrow to STEP 1)





When the temperature in the AFS unit reaches -60ΊC, place scintillation vials containing 20ml of 95% acetone the available space in the AFS to cool them.


LAB MEDIA: 3995_Jorgensen_AFSprogram (Editor: Move Arrow to appropriate part of figure when mentioned above- we will have to approximate)


CU: Talent places vials with acetone in the AFS (show as Inlay in above image)








Then, when the temperature reaches -50ΊC, use a Pasteur pipette with a P-200 tip to remove the fixative and add about 1 mL of the pre-cooled 95% acetone to each sample vial.   Repeat this process every 20 minutes over 2 hours. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (arrow to STEP 2)


CU:  Talent uses Pasteur pipette to wash samples with acetone (Inlay in above image) Do 2 takes





Also during the -50ΊC incubation, place a scintillation vial containing 20ml of 0.1% uranyl acetate in 95% acetone into the AFS chamber to pre-cool it to -50ΊC. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (arrow remains)


CU:  Talent places vial with 20 mL of UA in chamber (inlay in above image)





Then, after the final acetone wash, add about 1 ml of uranyl acetate solution to each vial to stain the sample to enhance membrane contrast. If the program has been paused, restart it.


LAB MEDIA: 3995_Jorgensen_AFSprogram (arrow moves to STEP 3)


CU:  Talent adds UA to each vial (also inlay)


CU:  Talent restarts paused program





When the temperature reaches -40ΊC place scintillation vials containing 95% ethanol in the AFS chamber.


LAB MEDIA: 3995_Jorgensen_AFSprogram (move arrow – we will have to approximate)


CU:  Talent places scintillation vials with 95% ethanol in the AFS chamber (as inlay in above image)





When the temperature reaches -30ΊC, use a Pasteur pipette to replace the uranyl acetate with 95% ethanol every 20 minutes for 2 hours. It is important to use ethanol in this step since the resin will not polymerize in the presence of acetone.


LAB MEDIA: 3995_Jorgensen_AFSprogram (arrow to STEP 4)


USE SHOT 3.4.2 Washing cells with Pasteur pipette (Overlay: 95% ethanol wash, X6)





Infiltration and polymerization


In the next part of the protocol, the specimens are embedded into plastic. 


Title screen





While the specimens are at -30ΊC in the AFS, replace the 95% ethanol with pre-cooled 30% glycol methacrylate resin or “GMA” in 95% ethanol. After 3-5 hours, replace the 30% GMA with 70% GMA.


LAB MEDIA: 3995_Jorgensen_AFSprogram (move arrow STEP 5, then to STEP 6)


CU:  Talent replaces the ethanol with GMA (do 3 takes) (Overlay:  pre-cool reagents in the AFS as before) (Overlay:  see accompanying document for preparation of GMA) (Inlay into above shot)


USE 4.2.2  Talent replaces solutions (Inlay)





After 4-6 hours, remove the 70% GMA and incubate the specimens in 97% GMA overnight. The step-wise increase of GMA concentration allows penetration of the media into the tissues. Note that since 3% water is added to the GMA resin, 97% GMA is not diluted with ethanol.


LAB MEDIA: 3995_Jorgensen_AFSprogram (Move arrow to STEP 7)


USE 4.4.2  Talent exchanges solutions in AFS (Inlay)





The next day, transfer the samples to an embedding mold in the AFS. Using a Pasteur pipette, place the samples in the embedding mold. Then, exchange the 97% GMA for freshly prepared GMA three times over six hours at -30ΊC. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (move arrow to just before STEP 8 the to step 8)


CU: Talent taps on matrix 


CU: Talent transfers samples to embedding mold


CU:  Talent exchanges the 97% GMA for freshly prepared in the embedding mold 





After the third exchange, tap on the bacteria matrix to separate the specimen from the cryoprotectant. Add the initiator N,N-dimethyl-p-toluidine to the 97% GMA in a scintillation vial.  The amount of initiator added is 1.5µl per 1ml GMA. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (Move to STEP 9)


CU:  Talent adds initiator to GMA


CU:  Talent applies solution to each specimen mold





Immediately, add the GMA solution to each embedding mold and position the animals in the mold so that the animals are evenly spaced. Restart the program so that the temperature increases to -20ΊC. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (Arrow remains)


CU:  Talent adds GMA and positions animals so they are evenly spaced


CU:  Talent restarts program





Although the resin polymerizes quickly, within one hour, allow the plastic to cure overnight at -20ΊC to be sure it is thoroughly polymerized. 


LAB MEDIA: 3995_Jorgensen_AFSprogram (Move to end of program)





Once the plastic has cured, store the specimen in a nitrogen gas-filled vacuum bag at �20ΊC.  Sectioning of GMA-embedded specimens should then be performed as described in the accompanying document. 


CU:  Talent places the sample in a gas-filled vacuum bag


MED:  Talent places the sample in the freezer


MED:  Talent acquires sections 





PALM imaging


For photo-activated localization microscopy, or “PALM imaging” the microscope system should be set up with the EMCCD camera set to -70ΊC or below. 


WIDE:  Talent points to camera (Overlay: camera set to -70ΊC or below.)





Using a pipette apply about 50μl of 100 nm gold particles at 1 x 1010 particles/ml in solution to the sample to be imaged. Place a black cover case over the samples and allow the solution to sit for 30 seconds on the coverslip.


CU:  Talent applies gold particles to the sample and then places a black cover case over them.  (Overlay: 30 sec)





To remove the gold solution, blow it to the edge of the coverslip and absorb the solution with a Kimwipe.  Then, apply vacuum grease to a circular coverslip holder and insert the coverslip.


CU:  Talent blows solution to the edge and absorbs it with a Kimwipe


CU:   Talent applies vacuum grease to holder and inserts coverslip





Apply immersion oil to the underside of the coverslip, directly below the sample. Insert the sample holder into the slot on the stage of the microscope and adjust it so that it is tight and centers the sections above the objective. Take special care not to touch the objectives.


CU:  Talent applies immersion oil


CU:  Talent inserts sample holder on stage of microscope





Next, using bright-field illumination, locate the sections using a 10x objective lens then Change to the 100x objective lens and focus on the specimen.  If necessary, switch to fluorescence illumination using the 488 nm laser with the intensity set to 10%.


MED (showing scope and screen):  Talent locates the section, then changes to the 100X objective lens and refocuses on the specimen.   Talent then switches to fluorescence illumination.





Allow 5 minutes to elapse for the sample temperature to equilibrate.  Then, identify the regions with the brightest fluorescence and bring them into focus. 


SCREEN:  Talent focuses the sample in fluorescence





Switch the laser to 561 nm and increase the intensity to 100% to bleach out the background autofluorescence. Bleach the sample for ~2 min. 


SCREEN: Talent switches laser to 561 and increases intensity to 100% to bleach- sample becomes dimmer (Overlay: ~2 min)





If the focus changes during bleaching, allow 5 minutes to elapse before adjusting the focus and capturing images. 


SCREEN:  Show an example in which focus changes during bleaching





When bleaching is complete, activate the 405 nm laser and set it to the lowest intensity.


SCREEN:  Talent activates the 405 laser and sets it to the lowest intensity 





Start collecting the images at 20 frames per second. Collect enough frames to achieve the goal of the experiment.  Here, 5000-6000 frames are taken to determine the localization of 584 histone proteins within a nucleus. 


MED:  Talent at computer collects images at 20 fps.  (Overlay: increase strength of laser if signal is faint)





The sample fluorophores are continuously activated with 405 nm light. The 405nm laser is attenuated so that only a few molecules are turned on at a time.  The activated fluorophores are then imaged and bleached. 


LAB MEDIA: Illustrations from Zeiss.





If too many molecules are turned on at a time, the chance of having two molecules within the diffraction limit of light increases. It two molecules overlap, fluorescence from these two molecules will appear as a single spot on the camera, resulting in the false localization. 


LAB MEDIA: Illustrations from Zeiss.





Once ~5000 frames are collected, all the molecules are identified and mapped by the imaging software.  The final fluorescence image, or so-called ‘sum TIRF image’, is a composite of all of the fluorescence detected on the camera. 


SCREEN:  Show a sum TIRF image 





In contrast, the PALM image maps the centroid of each fluorescence spot and only indicates where each protein is located.


SCREEN:  Show the PALM image  





To produce the final image, filter out the autofluorescence by using the slider under the PAL render tab to filter out signals that fluoresce for less than 500 ms.


SCREEN:  Talent moves slider to filter out signals and produce the final image





SEM imaging


Prior to SEM imaging, stain the sections using 2.5% uranyl acetate in water for 4 minutes. Wash off the uranyl acetate thoroughly with filtered milliQ water. 


MED:  Talent stains sections in UA Under hood


CU:  Talent washes of UA





After the sections are dried, use a carbon sputter to carbon-coat the coverslip until it becomes fairly dark. Apply carbon conductive tape at the edge of the coverslip on one end and to the metal stub on the other end so that electrons that accumulate on the surface of the coverslip are grounded. 


CU:  Talent carbon coats the coverslip


CU:  Talent applies tape to one end of the coverslip and the metal stub





Mount the coverslip in the SEM chamber and locate the specimen on the microscope. Take a low magnification image of the specimen.   Then, zoom into the region of interest and obtain high magnification images.


MED:  Talent images the specimen (low res) (Overlay: ~5,000x)


MED:  Talent images the specimen (high res) (Overlay: ~50,000x





Repeat this process with a new section until all sections have been imaged.


MED:  Talent at SEM taking further images (take from a different angle than above)





Aligning PALM and EM images 


Next, the PALM and EM images must be aligned.  To do this, first open the acquired SEM images in Photoshop.


MED:  Talent opens the images in Photoshop





Create a new window with dimensions of 5000 x 5000 pixels and 300 pixels/inch resolution.  Copy the low magnification SEM image into the new window 


SCREEN:  Talent creates a new window as described above and copies the low mag SEM image into the new window.





Use the ‘free transform’ command found under the “Edit” menu to scale the image so that it fills up the entire window. Then copy the higher magnification SEM images and scale and transform as necessary. 


SCREEN:  Talent uses the transform manipulation command then copies the higher mag SEM image and scales it.





Select “image rotation” from the image drop-down menu bar and flip the sum TIRF image horizontally.  Copy and paste the sum TIRF image into a new layer.


SCREEN:  Talent selects image rotation from drop down menu bar and flips the sum TIRF image horizontally.  Talent then copies and pasts the sum TIRF image into the new layer





Use the ”free transform” command found under the “Edit” menu to scale the image so that the image is roughly the same size as the low magnification electron micrograph.   Then rotate the image as necessary to match the fluorescence of the gold particles with the corresponding structures visualized in SEM.   


SCREEN:  Talent uses transform manipulation to scale image then rotates to match the fluorescence with SEM 





Next, copy the PALM image into a new layer and apply the same transformation. To extract a higher magnification image, zoom in to the region of interest and copy the PALM image from the region. Paste the image onto a higher resolution SEM image. 


SCREEN:   Talent copies the PALM image into a new layer and applies the same transformation.  


SCREEN:  Talent then zooms into the ROI and copies the PALM image and pastes it onto a higher res SEM image.





For presentation, a gradient transparency should be applied to the PALM image so that only the black background but not the PALM signals become transparent.  Copy the transformed PALM image into a new layer. 


SCREEN: Talent copies transformed PAM images into new layer





Select the PALM signals but not background by using “color range” in the “select” drop-down menu. Then select a background pixel as a reference and turn on the “invert” option. 


SCREEN: then selects PALM signals, selects background pixel and turns on the invert option.





Cut the desired PALM signals and paste them to a new layer.  Apply transparency to the background layer, and set it to 10%. This allows for visualization of the PALM signals by making the background transparent without compromising the intensity.


SCREEN:  Talent cuts desired palm signals and pastes them to new layer.  Talent applies transparency to bg layer and sets it to 10%.   





Representative nano-fEM images


Histone protein His11 tagged with tdEos was stably expressed in the nematode C. elegans, and the transgenic animals were processed and imaged using the protocol described in this video.


Title screen





PALM and electron micrographs were acquired from the same section. The gold nanoparticles, which appear in both the fluorescence and electron micrographs were then used to align the two images.


3995_Jorgensen_Figure 1A &3995_Jorgensen_Figure 1B  


3995_Jorgensen_Figure 1C   





Here, we zoom in on a region near the top end of the micrograph.


3995_Jorgensen_Figure 2





As can be seen here, subcellular details such as a nucleus, a nucleolus, nuclear pores, and endoplasmic reticulum can be observed. Moreover, the tagged Histone molecules are exclusively localized to the nucleus but not to the nucleolus, as expected. 


3995_Jorgensen_Figure 2





The correlative PALM and electron microscopy thus allows for protein localization at the highest resolution. 


3995_Jorgensen_Figure 2





Conclusion (said by authors on camera


[Shigeki Watanabe]: After performing this procedure, reconstructions can be generated using array tomography to determine how the proteins are distributed in the three dimensional space of the cell.





[Shigeki Watanabe]: Don't forget that working with osmium tetroxide and uranyl acetate can be extremely hazardous and one should wear gloves and work in a hood during these steps.   





 





Provided Media


3995_Jorgensen_Schematic 


3995_Jorgensen_AFSprogram


3995_Jorgensen_Figure 1A 


3995_Jorgensen_Figure 1B  


3995_Jorgensen_Figure 1C 


3995_Jorgensen_Figure 2 





Additional Illustrations to be obtained from Zeiss: http://zeiss-campus.magnet.fsu.edu/tutorials/superresolution/palmbasics/index.html





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














