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1.


Genetically encoded reporters such as cameleon reflect the dynamics of protein reactions and interactions inside living cells.  They are engineered to change their fluorescent properties depending on the concentration of a certain molecule or the proportion of endogenous proteins in a given conformational state.  The instrument of sensitivity is often a modified version of existing cellular machinery.  In practice, one expresses the reporter in living cells and then uses fluorescence as an assay of cellular activity.


Another way to monitor protein expression is with FlAsH compounds.  The cell’s DNA is modified so that a protein of interest has a special chain of amino acids substituted into an alpha helix.  The chain contains four cysteine residues which can bind very strongly to an exogenous fluorescent compound which contains As.  The fluorescent compound can have one of many different emission/excitation wavelength pairs,  and it can have special properties, e.g. being cell impermeable in order to only label extracellular proteins.


GFP, by contrast, is only a static marker.  It can be attached to a protein of interest in order to estimate the concentration and localization of that protein, but there are several problems in such estimation.  First, the attached GFP might modify the protein’s function, potentially modifying its expression pattern.  Second, the protein might have some conformational states which reduce or eliminate GFP’s fluorescence, in which case a change in protein function will be reflected as a change in protein quantity.  Third, GFP can not indicate dynamic processes inside cells.  


The genetically encoded reporters and FlAsH were designed as in improvement on GFP, but they too have drawbacks.  Genetically encoded reporters can use an appreciable quantity of the cell’s limited resources which might change the cell’s metabolism.  Because the reporters interacts directly with cellular proteins or other components, they can modify those dynamics.


FlAsH piggybacks on already-expressed proteins, so its metabolic costs are likely negligible.  But its means of expression requires adding an exogenous compound and a buffer for that compound which  might interfere with cellular function.  Also, the exogenous compound must diffuse into the cell in order to fluoresce, so inhomogeneous diffusion might be mistaken for inhomogeneous protein expression.

3.


The Fourier transform breaks down an image into components.  The components are two dimensional sine waves of varying frequency, but that’s a somewhat arbitrary fact.  The essential point is that the separation often distinguishes signal from noise or otherwise parcels out the contributions from different sources.  Once the components are separated, they can be individually kept or discarded from the image.  Specifically for images, noise is often high frequency while the underlying signal tends to be low frequency.


A filter operates on an image’s Fourier transform, but its effects are not easily appreciated in Fourier space.  A filter is multiplied by the Fourier transform, and then the inverse Fourier transform is applied to generate a “filtered” image.  Multiplication can either preserve a component  or eliminate it.

(A)  Low pass filter

(B)  High pass filter

(C)  Band pass filter

5.


Telescience expands an individual scientist’s sphere of control and awareness.  It allows manipulations to be made and their effects monitored from anywhere in the world.  The central virtue of telescience is that it empowers researchers who are unable to travel to visit their object of study because of either a finite travel budget or the grueling demands of interplanetary travel.


(More specifically, telescience for the microscopist is the study of very small things which are far away.  Mars is clearly far away, and everybody knows that far away things are very small.)

6.


Frozen hydrated cryo-EM involves extremely rapid freezing of the sample.  Slow freezing produces ice crystals which can distort tissue and damage membranes and proteins.


When a stain is used, the sample is usually dehydrated which can cause it to change shape.  Frozen hydrated cryo-EM uses the water already present in the sample, so the tissue never loses its hydration shell.


Frozen hydrated cryo-EM usually doesn’t require the high doses of, say, negative-staining EM, so the tissue is spared from potentially damaging radiation.

7.


Deconvolution is best understood as the inverse of convolution, a much more intuitive transformation.  Convolution can be thought of as a kind of blurring of an image where the radius and precise shape of the blur are determined by the filter function.


To deconvolve is just the inverse.  For a given “convolved” image (the starting point of image analysis) and a known or measured filter function, we want to find the image which must have been put into the convolution in the first place.


The raw images produced by microscopy can be modeled as a pure representation of the sample which was convolved with a filter in the process of image acquisition.  Trying to deconvolve the raw image using that filter can go a long ways towards recovering structure.


There are primarily two limitations on the power of deconvolution.  The first is that the filter function is never known precisely.  If it is predicted from theory there will be errors, and if it is measured there will be noise.  A second limitation on deconvolution is noise in the image itself.  If we think of the raw output image as the pure representation convolved with a filter PLUS independent noise, then the deconvolution must be only a noisy attempt at recovery.

8.


The most immediately apparent advantage of CCD cameras in TEM is that they obviate the need for a separate digitization process.  Since almost all applications of TEM benefit from digital image manipulation, digitization is a necessary step which CCD cameras perform “for free”.


CCD cameras also offer other advantages over  traditional film exposure.  They have a higher sensitivity to single electrons and they have a larger dynamic range.  Their transformation from electrons to readout signal is also a more linear function than film’s.


Another general advantage of CCD cameras is that their sensitivity and collection properties can be very clearly characterized and carefully engineered to satisfy desired specifications or go in the direction of a desired trade-off.


A major limitation to CCD function is that an adapter is usually required for its use.  Electrons coming directly from the sample can have too high an energy to be sampled directly by the CCD (because only a few electrons cause saturation), so a scintillator screen can be put between the electrons and the CCD.  This screen is not a passive relay but adds its own noise and imposes an additional point-spread function.


Another kind of adapter used with CCD cameras is spatial.  Because CCDs have a fixed pixel size, they can be too small for some imaging tasks.  In order to effectively increase imaging area, the image is shrunk to fit the CCD.  Like the scintillator, this adapter also adds noise.


The central advantage of film exposure is related to those two limitations: film has a much higher resolution, and data can be gathered from a larger areas.

