

1. 
2. 
3. 






JoVE Article Template for Product Video #1:

TITLE  Experimental Design for Live Cell Imaging using Confocal Laser Scanning Microscopy 

Authors: FluoView Applications Support Team, Scientific Equipment Group, Olympus America Inc.
· angela.goodacre@olympus.com

Keywords: confocal, time lapse, immunofluorescence, live cell imaging, 4-D imaging, 3-D imaging, developmental biology, multicolor fluorescence, connectome,

Short Abstract: This video will illustrate key experimental design parameters that will enable subcellular imaging of populations of live cells over time, using confocal laser scanning microscopy.  These include selecting scanning parameters and using automated features of the microscope to optimize the information content of image data and to schedule time lapse imaging of multiple microscope fields of view.

 Long Abstract:.This video will illustrate key experimental design parameters that will enable subcellular imaging of populations of live cells over time, using confocal laser scanning microscopy.  These include selecting scanning parameters and using automated features of the microscope to optimize the information content of image data and to schedule time lapse imaging of multiple microscope fields of view. The principles of image formation will be explained in the context of selecting the appropriate optics, scan size and speed, laser intensity, detector sensitivity and pinhole size.  Using the Olympus FV1000 confocal laser scanning microscope, tools provided in the interface to help the user overcome problems such as crosstalk or bleedthrough between fluorophores, to choose the right combination of speed and resolution, correctly employ zoom features, use the full dynamic range of the detectors, and to get the best possible signal from the specimen. Having optimized image acquisition parameters, the video will go on to demonstrate how the FV1000, equipped with an automated XY stage, can be set up to automatically acquire multi-dimensional information from time lapse imaging of populations of cells.
Text: 

Overview 

 (visual is image data .avi of cells moving Movie 1 from FSU collection, followed by bullet points)

Confocal microscopy has become the gold standard for multicolor fluorescence imaging, providing high resolution images with the clarity and quantitative 3-dimensional information afforded by optical sectioning. Live cell imaging demands careful control of cell environment by incubation, as well as minimizing the exposure of cells to excitation light.  The power of a live cell imaging experiment is further increased by measuring responses in a statistically significant number of cells.  Choosing the right equipment and selecting the appropriate optical settings will ensure the best quality images containing the maximum information content.  Although quantification of fluorescent images is relative and requires appropriate experimental controls, understanding the principles of laser scanning can dramatically improve the validity of the image data used in measurements.

Features and Benefits

 (visual is bullet points)

Confocal microscopy can acquire XYZ data containing the 3-dimensional information needed for thick cell cultures such as cells grown on collagen matrices, feeder layers, epithelial layers with apical-basal polarization, oocytes, embryos or small model organisms.  Laser excitation is controlled by electronic components that open and close shutters and attenuate intensity of the laser with great rapidity. This level of automation endows even the simplest laser scanning microscope with time lapse capability, adding a fourth dimension for XYZT data, The addition of an automated stage confers the ability to return to multiple different fields of view resulting in 5-dimensional image data.
(visual is image of instrument with environmental chamber)
Automated control of microscope components allows images to be acquired at scheduled timepoints, and at multiple different locations in the specimen.  Incubators that maintain temperature, humidity and and carbon dioxide work with buffered medium to keep cells healthy for the course of an experiment. The choice of equipment and the level of control required depends on the cell type and the length of the experiment.

Applications:

 (visual is bullet points)

Cell biology, signal transduction, cell proliferation, apoptosis, developmental biology, calcium imaging, connectivity mapping, connectome, image cytometry, immunofluorescence

How it works:

(visual is video of image acquisition on the monitor)
Laser scanning microscopy  accumulates a fluorescent image point by point as a laser (or lasers) is scanned, that is, deflected by a pair of moving mirrors,  in a raster pattern over a rectangle within the microscope field of view,  Each point or pixel is illuminated for a few microseconds and the emitted fluorescence returns along the same optical path, “de-scanned” and returned to a dichromatic mirror, where it is split off from the excitation light path and travels to a point detector, typically a photomultiplier tube(PMT) that reads a signal from incident photons and converts this to a digital value that can be stored and read out pixel  by pixel to form an image in the XY plane.  The image is visualized on a monitor, not through the eyepieces of the microscope. Multiple fluorescent channels can be acquired at the same time, as well as the laser light that is transmitted through the specimen.  With the appropriate optics this provides a Differential Interference Contrast or DIC image of cell structure.
Most modern confocals include a database of fluorophores that allows the user to select a combination of dyes and the appropriate lasers, dichromatic mirrors and barrier filters are automatically selected. Yet it is still possible to over-ride or change these settings in an interactive display of the light path, for example to accommodate a novel fluorophore.
(visual is shot of instrument zooming in on objective lens)

The intensity of the image is a function of the distribution of signal molecules in the specimen, but is affected by the optics of the microscope, the intensity of excitation of the fluorophore and the sensitivity of the detectors.  Proper alignment of the microscope is essential, and the most significant improvement in image intensity will come from using an objective lens with the highest value for the relationship between numerical aperture and magnification. “Brightness” can be expressed as NA to the fourth power divided by magnification squared. Thus, a 60X objective with an NA of 1.4 will be “brighter” than a 100X objective with the same NA or a 60X objective with an NA of 0.9.  The choice of objective will also depend on other experimental factors including what level of spatial detail needed and any extreme wavelength ranges required.
(visual is video image of objective lens zooming in on inscription on barrel)

Brighter images are obtained when the objective lens is chosen to match the refractive index of the specimen.  For example, live cells in tissue culture medium should be imaged using water immersion objectives to eliminate spherical aberration due to refractive index mismatch. Oil immersion objectives may have a higher NA but should be used with mounting media that is more applicable to fixed samples.

(visual is video of FV1000 GUI)

Once you have selected the objective lens, the image intensity can be increased by increasing how long the laser dwells on each point, but that exposes the cells to more light, so that is not the best approach.  The voltage on the PMT can be increased in most systems up to a point where electronic noise begins to appear as speckles, in the FV1000 overly high levels on the HV will be denoted by the interface changing from green to yellow to red.  But, within the safe range, there is no penalty for setting the level quite high. Many researchers like to set the HV at about 700 and then turn to the laser intensity and see how little laser power they need to get a good signal.
(visual is video of FV1000 GUI side by side with video of image data acquisition)
A “good” signal can be objectively determined, using a pseudocolor look up table while you are scanning and adjusting the laser intensity on-the-fly.  On the Olympus FV1000, the Hi-Lo look up table can be toggled on or off during acquisition and colors zero value pixels blue and saturated pixels red.  This ensures that the image makes use of the full dynamic range of the detectors without “clipping” at either end. That is to say, the black level is not set too high as to lose faint signal, and the detector sensitivity should be set so that no region of the image shows saturation. Quantitative studies require data that is not “clipped” and are more powerful when the full dynamic range of the detectors is used.
(visual is diagram of light path from brochure by Olympus Tokyo Figure 1)
PMTs are point detectors and can be arranged in tandem to register different ranges of wavelength of incident light, separated by dichromatic mirrors, enabling simultaneous multicolor imaging with each “color” being recorded by a different detector or “channel”.  PMTs do not record wavelength, so barrier filters are placed in front of each to restrict the signal to photons emanating from a given fluorophore.  Emission spectra of most fluorophores are broad, extending over tens of nanometers of wavelength range.  Looking at the emission spectrum of a typical “green” dye, there are some photons emitted in the wavelength range of 630nm, which is the range that would be normally assigned to the “red” channel.  So, there will be some false signal in the red channel when the green dye is excited. This can severely affect studies of co-localization unless the user uses the automated features of laser scanning to avoid this “bleedthrough” or “crosstalk”.  

 (visual is video of FV1000 GUI side by side with video of image data acquisitioni)
Sequential excitation is an effective solution to crosstalk between overlapping spectra of typical fluorophores. Each PMT reads and transfers signal instantaneously, and lasers can be controlled through the software interface.  Using the Olympus FV1000 laser confocal scanning microscope, a simple check box sets up crosstalk correction using the principle of sequential excitation.  By clicking “sequential”, the green PMT records signal only when the green fluorophore is being excited and the red channel reads signal only when the red fluorophore is being excited. The image in the green channel is acquired separately, and at a slightly different time than the red channel, but this interval can be reduced to less than a millisecond by having the lasers and PMT read-outs alternate at the end of every line in the raster scan. The total image acquisition time is doubled, but the overall exposure of the specimen remains the same.  In 3 or 4 color images, non-overlapping fluorophores can be assigned to simultaneously imaged groups to minimize total acquisition times.

 (visual is static cartoon Figure 2)
The level of spatial detail in an image is a function of the resolution of the microscope components, particularly the objective lens.  This is designated by the numerical aperture such that the higher the numerical aperture the higher the resolution, that is the more detail can be obtained in an image.  For example, a 60X objective with an NA of 1.25 will see points separated by 0.25 microns as two separate points, but a 60X objective with an NA of 0.9 will not be able to separate these features, unless they are further apart, at 0.35 microns. If the experiment does not require subcellular detail it is advisable to move to a smaller numerical aperture lens and take advantage of the larger field of view, encompassing more cells,  that these lenses typically image.
(visual is video of image acquisition side by side with FV1000 GUI)
 Unlike ocular viewing, where magnification is determined by the total magnification to the eyepiece, resolution in digital imaging is also affected by how many pixels of the detector are applied to a given distance in the specimen.  In camera based systems this is governed by the magnification of the image relative to the size of the pixel on the camera chip, but in laser scanning, the pixel is a virtual concept, being determined by the distance the laser covers as it  is deflected by the scanning mirrors. The Nyquist Theorem for optimal digital sampling states that each unit of resolution, determined by the objective lens used, should be represented by 2.3 pixels.  The information button on the FV1000 interface does this calculation as the user selects the region they wish to image. Using this feature ensures the best representation of the the power of the optical system.  A zoom feature alters the area scanned so that the pixel is sized to properly represent the resolution. If more rapid acquisition speed is required as well as spatial detail, smaller regions of interest can be scanned instead of the full frame.
The zoom feature of laser scanning should be used carefully in live cell imaging because increasing zoom applies the same photon flux to a smaller region and can cause increased photodamage.
 (visual is video of FV1000 GUI)

The depth of an optical section is not a tangible entity but is measured by observing or calculating where the image intensity drops below a certain level. Just as with sampling in the X and Y dimensions, the step size in a Z stack should be chosen to meet the Nyquist criterion.  This can be selected in the FV1000 software.  If the experiment does not require information for 3-D renconstruction, larger intervals may be set.  The size of the confocal aperture or pinhole affects the slice thickness to some extent, although much of the extra light is from out of focus planes and thus quantitation is compromised.  Opening up the confocal pinhole beyond the automatically calculated optimal size is useful when objects are moving in and out of the plane of focus, or in avoiding artificially segmenting a continuous structure.

 (visual is video of FV1000 GUI)

In order to approach quantitative fluorescence imaging, the same acquisition parameters should be used for experiment and control. This information is stored with each image and the system can be easily reset to reproduce an experiment time after time.  The time controller interface allows more sophisticated experimental planning that can be re-used for experimental reproducibility.

Visual is headshot and/or instrument shot)

Now we have set our acquisition parameters to get the best possible image quality we can use the software module to schedule a multi point time lapse experiment.

 (visual is video of FV1000 GUI)

Precisely automated control of stage movement in the X and Y axes is integrated into the FV1000 software in the Multi-area Time Lapse (MATL) module. The fields of view scanned can be contiguous to form a mosaic of a larger region of interest while maintaining high resolution in the image, or they can be separated fields covering a population of cells.

Representative Results: 
(Need some MATL data)

Alternative application

(visual is image data .avi)
Although the MATL module is used primarily for time lapse studies of live cells, the automated XY stage can also be used in the growing field of connectivity mapping where adjacent fields of view are stitched together to form an image of a large area, for example an entire section of the mouse brain, but retain the high resolution of the individual microscope field of view.  In this case, there is no time dimension in the data but the organization of XYZ stacks can be retained in the composite image. 
Discussion: 

Summary:

(visual is image data and/or instrument shot)

Laser scanning confocal microscopy has benefited from advances in sensor efficiency and optical construction, allowing live cell imaging with minimal phototoxicity.  Understanding the mechanisms of image formation and using automated software features designed to optimize image quality improves the quantitative information that can be obtained from fluorescent images. In addition, mechanized microscope components allow sophisticated experimental design and scheduled image acquisition, allowing the user to compile subcellular detail from populations of cells.
Link to Olympus website

References:
 http://www.olympusmicro.com/primer/techniques/confocal/index.html
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Tables
Figure legends
Figures: should be uploaded electronically as separate files (TIFF, JPEG and other formats are acceptable)
Figure 1

Emission light path of the FV1000 (waiting for high res version from PM)

Figure 2

(resolution- to be drawn)

Dear Author,


In an attempt to cut down on our email data usage and phone minutes, I’ve anticipated several questions about the video protocol production process that you might have.   Please look through both the answers to following FAQs and our Author Responsibilities document, and if lingering queries still remain, don’t hesitate to contact me.  

Q1: How long will the filming take?

The length of filming depends on the length of your protocol.   A simple way to estimate the duration of the shoot is to look at the number of steps in your protocol and the length of each step.  In general, we require one visual per 1.5 lines of 12 pt text, and each visual takes about 5 minutes to capture.  If your protocol consists of 30 steps comprised of three lines of text, then it will take about 5 hours to shoot your video protocol.  

Q2:  Do I have to memorize the entire script?

No, you don’t.  The script text serves as a transcript, which will be read by voice talent in our recording studio.  The only portion of the script that you will be responsible memorizing, or at least being familiar with, is the introduction and conclusion.

Q3:  My protocol takes more than one day to complete.  Do we need multiple days of filming?

No, as a general rule, we film a single protocol in one day.   Long experiments requiring overnight incubation times will require tissue or biochemical samples to be prepared and processed accordingly before we arrive, so that we can film the entire experiment in a single session.   

Q4: A lot of the experiment takes place under the microscope.  How do we film this?

Our videographer will bring a camera and microscope adapter setup, to adapt to your microscope.  Our adapter kit is more or less universally adaptable to all microscopes, because it fits in the ocular housing, which, according to industry standards is usually 30 or 23 mm in internal diameter.    

One complication with our scope and adapter system is that complicated dissections may need to be performed as you look through one eyepiece.     However, if your scope has a trinocular port housing with the internal diameter mentioned above, then you will be able to use both sets of peepers.   The best solution is to try to find access to teaching scope or stereoscope with a discussion bridge, because these set ups have two sets of eyepieces and make it very easy for us to capture your footage.

Be advised that you may have to perform the manipulations through the scope with one eye, so it’s a good idea to try to practice the dissections this way in the days before the experiment.  

Q5: Much of what I’d like to demonstrate occurs on the computer.   Should we just film the computer screen?

Not really.  Footage of the computer screen can often look distorted on camera, even if we dial down the shutter speed.   The best solution to get around this issue is for you to download and use screen capture software to demonstrate how your software is used.   Popular screen capture programs for PC include Screen Capture Professional, Camtasia,  or Adobe Captivate.  For Mac, iShowU and iShowU HD are preferred.

Please provide any screen capture files to us using either .mov  (h.264 codec, 2 MB/s bitrate) or .avi formats (cinepak codec, 2 MB/s bitrate) and name files according to the step at which screen actions appear in the script.  

Q6: When will I get to see the final product?  When will my video show up online?  

To a great degree, when your video is published depends on you.   Please see the author responsibilities flowchart and explanation to see what you can do to expedite publication of your article. 

So that’s it., let me know if you have any further questions, and good luck with your JoVE submission.

Best,

Aaron Kolski-Andreaco, PhD

Director of Content

Journal of Visualized Experiments

949-735-9003

www.jove.com
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 JoVE modifies video according to your comments.  








Video is published.


Video is sent to veterinary.


Video is sent to peer review.





Step 6:  Publication or Review











Step 5: Provide Feedback











JoVE edits video and sends proof of video article page.





Give JoVE feedback on article within one week receiving proof.


Complete online text submission





Step 2: Modify Script





JoVE visits your lab and films the video.  





Make modifications to script for recording the voiceover


Sumbmit  any add’l pics/vids











Step 4: Finalize Script for Editing.











Step 3: Prepare for shoot





Prepare experimental materials for filming








JoVE finalizes script for  video-grapher.  Defines the visuals we need to tell your story.





Modify the script 


Prepare Schematic


Modify online submission


Submit required image/video files











JoVE editors generate script from your protocol.  








Step 1: Submit Protocol/ Create Online Submission





Provide Written Protocol


Create online submission


Set a Tentative Date for Shooting

















