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January 15, 2012
JoVE Editorial Office
Dear Dr. Nandita Singh:

I am pleased to submit our revised manuscript. Based on reviewer’s suggestions we have made significant changes to the manuscript and have created additional figures which we believe improves it greatly. We address reviewers’ comments point-by-point below and have highlighted the changes we made in the manuscript using red font. We are also including an up-to-date copy of reference 9 which gives a full explanation and further insights gained from the ability to infer transcription rates from long-lived fluorescent reporters that is concurrently under review elsewhere. 
Sincerely,

Narendra Maheshri
St. Laurent Assistant Professor of Chemical Engineering, MIT
Response to reviewers' comments for manuscript JoVE50456R1:

Reviewer #1: 
Summary: 
In this manuscript, the authors utilized an image processing pipeline to perform single cell analysis on yeast. The time-lapse images were acquired via commercially available microfluidic devices, but importantly, the pipeline can also be used on any customized culture device. This method is able to extract out basic measurements (e.g. cell lineage, volume, and fluorescence intensity) while still having the flexibility to correct for error and be adapted to different experimental conditions. The technique will be especially useful in laboratories with little expertise in microfluidics and image processing. This paper clearly describes the technique and serves as important groundwork to enable quantitative measurements of yeast on the single cell level. For these reasons, I endorse the publication of this manuscript in JoVE.

We thank the reviewer for these kind comments.

Major Concerns:
-A main point of the manuscript is the ability to use this technique freely in laboratories with no microfluidic/ image processing expertise; however, one of the major limitations is the cost of commercially available devices and their ability to be adapted/customized to different experiments. The usefulness of this technique is then limited by a process upstream of it. Perhaps the authors can comment on this, and discuss prospects for microfluidic technologies becoming more mainstream and customizable.

We do agree with the reviewer that the commercially available microfluidic platform we have used comes at a cost. But so does much of the equipment used here –the microscope, camera, acquisition software, and MATLAB if one wishes to modify the source code. These can all serve as limitations. Our major point is that our technique simplifies the acquisition and analysis of fluorescence time series data, that is: “Here, we describe a procedure to obtain and analyze fluorescence movies of S. cerevisiae with no required experience in cell culture device manufacture or in software development”. Employing a commercially available microfluidic solution (just like all the other equipment) allows this technique to extend to labs that are not specialists. Our use of the word “free” is in specific reference to the software platform -- as we say in the text, “the parameters or, if necessary, the freely available code may be adapted for other organisms and image types”.
Therefore, we respectfully disagree that the cost of the microfluidic device is any more or less a limitation than for example the cost of the microscopy setup. While we are not experts in the development of microfluidic technologies, we do for see the cost of these technologies becoming more mainstream and customizable and we believe GRAFTS could be easily modified to be useful with these changes. We add a statement to this effect in the first paragraph of the discussion.

Minor Concerns:
-Recent work (Vega N et al. Signaling-mediated bacterial persister formation. Nature Chemical Biology 2011) has utilized a microfluidic device to give insight to persister formation in bacteria. Citation of this article would be relevant. 
We thank the reviewer for another good example of using microfluidic culture in combination with time-lapse fluorescence microscopy to gain biological insight and have included a citation to this work.

Additional Comments to Authors:


Reviewer #2: 
Summary: 
The authors provide a protocol for growth and protein expression analysis in growing yeast cells using a commercially available microfluidic imaging platform on a fluorescent imaging setup with commercial acquisition software and their custom developed freely accessible data analysis package for Matlab. The protocol focuses on the use of the analysis software, which is capable to segment and track dividing cells, and analyse fluorescence intensities over the time course of the experiment.
As commercial solutions for such purposes are scarce and often extremely expensive and free tools (e.g. for ImageJ) often cover only individual parts of the needed functionality (e.g. one plugin for segmentation, one for tracking, etc.), comprehensive extraction of the detail-rich information from imaging data can be very challenging or even a significant hurdle for researchers with similar demands but limited coding resources. Therefore, the presented tools and the detailed protocol present a valuable resource for many cell biologists to apply the technique to their own tasks. 


We thank the reviewer for these kind comments.


General Comments:
Although this manuscript will accompany a video, presumably showing many details especially of the GUI, the reader should also be able to fully understand the method by just reading the protocol and studying its figures. Therefore the authors should add a figure containing a schematic view of the imaging setup and the trapping and perfusion principle with the relevant parameters for analysis (height, flow, etc.) and, most importantly, screenshots of the GUI. 
We thank the reviewer for the suggestions. We have added a schematic of the overall protocol, which highlights information necessary for the analysis, and screenshots of the GUIs pointing to features used in each step. References were added to the text where appropriate.

In several occasions, the authors refer to their submitted paper. Only for review purposes it would be helpful if the referenced information would be fully quoted.
We appreciate the need to see the submitted paper referenced. We had initially submitted a copy but were told it was not necessary for the first review round. In submitting this revision, we are providing a copy.

Specific Comments:
Protocol:

- Introduction: the first sentence sounds odd. Please check and revise.
This sentence is indeed awkward and has been revised.

- ad 1.3: Consider filming of the preparation of the CellAsic plate.

The reviewers are correct that highlighting the washing step may be useful. We had eliminated it from filming since the actions in the pre-wash step are visually identical to those to be filmed in step 1.4, but this could be helpful if time allows. We have highlighted step 1.3 in the protocol at the video editor’s discretion.

- ad 1.11: add abbreviation BFOOF here.

We thank the reviewer for pointing out this oversight. The abbreviation has been added.

- ad 2.2: the authors describe handling of 'multiposition stills' and 'time series'; however it remains unclear if 'multiposition time series' can also be handled.

To address the reviewer’s comment, we have added a sentence to step 2.2 to clarify here that time-lapse data for multiple positions must be analyzed separately for each position as stated later in step 2.14.

- ad 2.3: has image registration really to be selected before images are even loaded (2.4)?

No, this has no effect until the final step which outputs the processed movies (step 2.13), and can be decided after viewing images in the segmentation window. We include it here while the user’s attention is on this option panel. We have added a sentence to this effect in step 2.3.

- ad 3.3: pixels or real distance? please add units.

We thank the reviewer for pointing out this oversight, and have added the maximum tracking displacement units as pixels to step 3.3.

Generally for protocol section: the authors have implemented a color code for mother cells, buds, etc. Can these colors be chosen by the users? If not, please add a short table giving an overview over the color code.

Users cannot change the color code of cell ID numbers without changing the source code. We have added a new Table 2 to provide a clear overview as the reviewer suggests.

How does the software address photobleaching?

We thank the reviewer for raising an important point, and we have added a brief treatment to the discussion: The software does not consider photobleaching in the analysis, and thus the fluorescence time series output represents only the observable reporter. Photobleaching processes depend on acquisition settings, frequency of acquisition, the fluorophore, and other experiment-specific parameters. Photobleaching is not always well-described by a simple, first-order rate expression and in some cases can be neglected. Because of its experiment-specific nature, we expect users to apply whatever correction they determine necessary to the time series output. 

Still, the analytical method may be used to measure the kinetics of this process to aid the user’s interpretation.

Is there any background subtraction?

Yes, as stated in step 4.4, the output time series are background subtracted based on the mean of non-cell pixels of the first image in each color movie. The user can also directly input a cell auto-fluorescence value before time series output in step 4.4.


Results:

Which yeast strain was used? How were the markers introduced - multi copy / single copy plasmid or integrated into the genome? The information regarding copy number is relevant for (intensity based) expression analyses.

We thank the reviewer for the comment, and have added more strain detail to the discussion as well as a strain table with the genotypes.

Please use correct and consistent tag names for same tags (CFP, Cerulean?)

We have now denoted the single instance of “Cerulean” as “(CFP)”, which is used throughout.

Pg 12 top paragraph: what is meant by a "kinetic strain"?
Please specify the used transcription factor
"RFP-marked nucleus" is insufficient. Please provide details for the used marker.

As in addressing the similar comment above, we have added more strain detail to the discussion as well as a strain table with the genotypes.
How was the submask generated? Is that option part of the software?

Yes, the submask may be generated as part of the software, and this process is described in step 2.9. We have added a note to this effect when the submask is referenced in the results section.

Figure 1 (now figure 7): 

Please add all fluorescent channels to the representative images for better illustration of the data and analyses.

We thank the reviewer for the suggestion, and have added images from all channels at representative time points.  

Is the initial lag phase in cell growth typical? How well do the calculated mRNA levels and transcription rates reflect reality? They both also increase before budding and not after, as stated on pg 11, last line.
We thank the reviewer for highlighting potentially confusing aspects of the chosen data. We chose a cell response that occurs initially upon loading and some cells exhibit a growth delay upon loading cells into the microfluidics. Moreover, at the very beginning and end of time series, spline fitting can be inaccurate because of 'edge' effects. Because we intended to represent "steady-state" growth, we have revised figure 1 to choose a different single cell time series that is representative of average behavior (with mRNA and transcription rate increasing at the G1/S transition). Full depictions of many time series and the average behavior can be found in reference 9, which we now include. Our intent here is to demonstrate one application of the analysis to obtain estimates of instantaneous mRNA levels and transcription rate.

Finally, we have included a sentence in the discussion clarifying that the protein, mRNA, and transcription rate measuremens are not estimates of absolute quantities because they are based on an arbitrary fluorescence signal. Reference 9 discusses the relationship between these inferences and the actual biological quantities, including absolute measurements or mRNA numbers through the course of the cell cycle which qualitatively reproduce the observed cell-cycle dependent pattern.
Figure 2 (now figure 8):

Both conditions are labeled as 'high Pi'.

We thank the reviewer, and have corrected this mistake.

Please show multichannel fluorescence image here as well.

As for figure 1 (now 7), we have added images from all channels at representative time points.

In B, what is the reason for the sudden drops in CFP (Cerulean?) intensity at random time points?

The sharp losses of protein correspond to losses to the daughter cell upon cell division. We have added this information to the figure legend for clarity.

Table 2 (now 1):

Volume: it must read 'c = b or 1/2 chamber height'
We thank the reviewer, and have corrected this mistake.

What is the rational for calculating mean intensities of top 20% and bottom 80% separately?

When fluourescence expression is spatially heterogeneous because of subcellular localization, these measurements comparing these measurements can indicate as such and perhaps be used without requiring an additional fluorescence-marked submask. We have added a note to this effect in the table.

Discussion:

The sentence starting with 'Fundamentally, the segmentation ...' is cut off.
Last sentence, same paragraph, 'are crucial to ...' sounds odd.

We thank the reviewer for these comments and have revised each sentence.

Pg 15, middle paragraph: Another way of visualize finalization of cytokinesis would be the use of a plasma membrane marker and looking for the gap between mother and daughter to close.

We thank the reviewer for the suggestion, and have added this to the discussion.
