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Confocal Scanning Laser Microscopy

Introduction:…tissues or cells…   …..these thick specimens……

	Conventional widefield optical systems are not ideal for certain specific specimens, especially those that are thick fluorescent specimens (such as tissue cells). These cells cause a problem due to their bright fluorescent signals from objects lying outside the focal plane. Low contrast images containing high background noises are often the product of using widefield optical systems for such cells. However, one can reject nearby sources from above and below the focal plane by using confocal microscopy and deconvoluting imaging techniques, solving these two problems. Confocal laser microscopy illuminates the specimen with a focused, point scanning laser beam. This beam is small enough to only excite a small portion of the specimen at a time. This point scanning beam is then rastered across the sample to detect emission intensities one pixel (of the image) at a time. There is also a pinhole aperture that is placed in the image plane in front of an electronic photon detector that selects only focused light. By doing so, fluorescent images can be accurately examined with minimal background noise while still allowing high contrast images. By improving the z resolution of these images, stacks of the images can be made, which are also called z-series (Murphy 2013).Very good paragraph
Background signal is different than noise – both can be a factor but the pinhole does not help with true detector noise.

One downside to using confocal scanning laser microscopy is that specimens may get photobleached. If a specific part of the specimen is in focus for too long, too much heat gets absorbed and can get damaged. This information should be considered when working with samples.Heat yes but photochemistry can occur without regarding heat (there is normally heat associated too) 

	In this lab, cells cultured from bovine pulmonary arterial endothelium were imaged using the confocal laser scanning microcopy Leica SP5. A better understanding of how this microscopy works, as well as the different, integral parts of the microscope were achieved. The dmin for x/y and z, at both 10x and 40x was calculated for the sample. Using this information, images of properly sampled x/y and z were compared to improperly sampled images in these dimensions. The effects of this improper sampling were then discussed.were
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Figure 1.1: This schematic depicts a Leica SP5 confocal scanning laser microscope. This schematic is from David Neff’s Confocal Lab PowerPoint.

As seen in Figure 1.2, there are many different components to a Leica SP5 confocal scanning laser microscope. As shown in the diagram, there are multiple lasers available for use, such as the IR laser and the UV laser. The AOTFs or Acousto-optic tunable filters are the excitation filters for the UV and visible light lasers. The visible range AOTF is the excitation filter for visible light, the UV AOTF is the excitation filter for the UV light. These excitation filters allow for sufficient excitation intensity and wavelength control. The AOBS or acousto-optical beam splitter plays a key role in this confocal laser scanning microscopy. The AOBS allows for the excitation beam (from the laser) to pass through the sample, and only allows the emission wavelengths to travel up to the detectors. This is shown in Figure 1.2. 
[image: ]








Figure 1.2: This is a diagram illustrating how the AOBS allows excited wavelengths from the laser to pass through the sample, and the emission wavelengths from the sample to travel to the detector. Note that the beams are separated and end up in completely different spots of the microscope. This diagram is from David Neff’s Confocal Lab PowerPoint.
…..a dispersed spectrum.   Then spectrophotometer slits select a discrete band of this spectrum.   …..bands of light by specific….

	There are multiple PMT Detectors which allow for multiple different channels to be viewed at one time. As shown in Figure 1.3., a prism is used as a spectrophotometer. This spectrophotometer separates incoming light into slits. These spectrophotometer slits separate the slits of light by specific wavelengths and then are directed into a specific PMT detector accordingly. These spectrometer slits act as the emission filters. By controlling the PMT detectors electronically, one can easily select different ranges of wavelengths to be detected, which is a nice advantage of using confocal laser scanning microscopy (CLSM).
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…..the LeicaSP5 CSLM in this configuration.
You definitely can have a CSLM without spectroscopic function.  Single color CSLM.   










Figure 1.3: This is a diagram illustrates the prism of the CLSM being used as a spectrophotometer. As shown in the diagram, the incoming light enters the prism and then separates upon leaving the prism into different slits. The spectrometer slits separate the slits of light leaving the prism, allowing for specific wavelengths to be directed to their corresponding PMT detectors, which are controlled electronically. This diagram is from David Neff’s Confocal Lab PowerPoint.See comment 2 boxes above.   


 
Results and Discussion:

Spatial resolution, as Murphy states, “describes the smallest resolvable distance between two points in an image” (2013). This spatial resolution between two points depends greatly on the excitation and fluorescence emission wavelengths and the numerical aperture or NA of the objective. The numerical aperture of the objective matters because, as Murphy states, “this determines the size of the diffraction-limited scanning spot on the specimen and the size of the focused fluorescent spot at the pinhole” (2013). With confocal microscopy, both the excitation and emission wavelengths are considerably important. This allows for much better axial or z resolution in comparison to non-confocal microscopy. The minimum resolvable distance or dmin between two points is different considering the x,y-plane or the z-axis. The approximate dmin for the x,y-plane is equal to 0.4λ/NA. As for the approximate dmin for the z-axis, that is equal to 1.4λ/NA2. These minimums of resolution were calculated in both planes for the 10x and 40x, which had numerical apertures of 0.4 and 0.85 respectively. These calculations are shown below, and a visual image of the dmin can be shown in Figure 2.1.This is great, very clear but your approximating equations above do not match the ones you use below.  


dmin = 1.22λ / 2NA 
	for 10x:	dmin = 1.22 x (550nm) / 0.4 = 839nm
	for 40x:	dmin = 1.22 x (550nm) / 0.85 = 395

zmin = 2λair x ηsample / (NAobj)2
	for 10x:	zmin = 2(550nm) x (1.3) / (0.4)2 = 9um
	for 40x:	zmin = 2(550nm) x (1.3) / (0.85)2 = 2 um

*It should be noted that the wavelengths of light from UV to red are 400nm to 700nm, so we added them up and divided them by two and chose a middle wavelength of 550nm for these calculations*





dmin
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Figure 2.1: In order for two points to be resolved, the maximum of one objects diffraction pattern must overlap the first minimum of the other. This image depicts two points on a sample to be resolved, with overlapping maximum and minimum diffraction patterns. This is all in accordance with Abbe’s Law. This figure is from David Neff’s Confocal Lab PowerPoint.It would be good to mention here that we currently are overcoming this limit through hardware based techniques (STED) and software based techniques (FIONA, STORM)   


One must also consider the number of pixels per dmin when imaging samples with the CLSM. This is important to match the optical resolution to the instrumental resolution, otherwise known as satisfying Nyquist criterion. To do satisfy the Nyquist criterion, it is a good rule of thumb to have three pixels per dmin, or about 300nm for pixels. To satisfy this, one must increase the total number of pixels or increase the zoom (because a smaller space for the same number of pixels equals more pixels). An example of improperly versus properly sampled images are shown below in Figure 2.2:≥ 2 pixels    





[image: ]









Figure 2.2: To match the optical resolution to the instrumental resolution, one must fit 2-3 pixels in the linear dimension of each patter_. It is important to note that the arrows in the properly sampled image are pointing to not points, but light from the object as it is focused at the image plane. There are not enough pixels in the image on the left, thus being labeled as under sampled and the resolution will not be as good as it could have been if there were more pixels such as the image on the right. These images were from David Neff’s Confocal Lab PowerPoint.
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The samples of this lab, as mentioned before, were cells that were cultured by bovine pulmonary arterial endothelium. The cytoskeletal actin was labeled with phalloidin that was tagged with Alexfluor448, which is like fluorescein. Channel zero consisted of these cells, and to excite them an Argon laser with 448nm laser line was used. The emission window chosen was 505-550nm because green light is emitted around 500nm. As for the mitochondria, those were labeled with MitotrackerRed which is similar (in consideration of spectral properties) to rhodamine. Channel one consisted of these cells, and to excite them a diode pumped solid state laser was used with a 561nm output. The emission window chosen was 575-675nm because this is the range of wavelengths were red light is emitted. Channel two consisted of transmitted light, which was not used to study these cells (since one could not see the cells with transmitted light using the CLSM). After calculating the minimum resolvable distance between two points in each of these planes for 10x and 40x (shown above), these cells were sampled properly and improperly for the different planes and focuses. The results of these images are discussed below in Figure 3.1 and Figure 3.2.In which the mitotracker red emitted 

As stated before, without enough pixels in an image, the resolution will suffer. Figure 3.1 exhibits this when comparing properly sampled x/y plane images at 10x and 40x to the improperly sampled images with these lenses. This is especially clear for the 10x: the resolution of the properly sampled x/y image looks very clear and high resolution (due to having 2048 pixels) and the improperly sampled image looks incredibly blurry with insufficient resolution (due to having 512 pixels). There are not enough pixels to match the optical resolution to our instrumental resolution to achieve the Nyquist criterion, which results in such low image quality. It is a little harder to tell for the 40x, but still there is a difference in the quality of the images in terms of resolution. 512x512 
2048x2048 

For Figure 3.2, there was a comparison between properly sampled and improperly sampled z plane images or z-series at 10x and 40x. The improperly sampled images only have 15 slices, whereas the properly sampled images have 33 slices. With more slices, each “point” can be better resolved in the z plane. One can easily see the differences in signals and details in the properly sampled z slices, whereas hardly any details can be observed by the improperly sampled images. When doing 3D microscopy, the z-steps or z-series should match the proper sampling depth of the images, calculated in the zmin. 
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Scale bars 









Figure 3.1: This figure compares proper and improper sampling in the x/y plane of cultured bovine pulmonary arterial endothelium cells using both a 10x and a 40x. Due to insufficient pixels for the improperly sampled images, the resolution and contrast are poor, which is apparent in the blurry images. The properly sampled images have 2048 pixels (instead of 512), producing properly resolved and contrasted images as shown. These images were taken with the Leica Confocal Microscope.
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Figure 3.2: This figure compares proper and improper sampling in the z plane of cultured bovine pulmonary arterial endothelium cells. The properly sampled images have 33 slices or z-steps, whereas the improper sampled images only have 15 slices or z-steps. It is apparent that the properly sampled images have much better resolution and detail in accordance to signal in comparison to the improperly sampled images. These images were taken by a Leica Confocal Microscope.You could have put the interpolated projections here too.  This could use a description of what we are looking at for the novice reader.  (imageJ, maximum intensity projection with rotation of 90 degrees around x axis showing a cropped region of the image stack
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