Dear Editor, Dr. Bing Wu,

Thank you very much for your efforts on handling our manuscript "Photostimulation by femtosecond laser activates extracellular-signal-regulated kinase (ERK) signaling or mitochondrial events in target cells" [JoVE59661]. The valuable comments from editor and reviewers are highly appreciated. We revised the ambiguous statements and figures in the previous version and provided more detailed information for experimental protocols and technical demonstrations. In this response letter, explanations to all the concerns from editor and reviewers are shown as following. I am pleased to submit it along with the revised manuscript to JOVE for your further consideration.

Responses to Editorial comments:
Comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Our response:
We have corrected the grammatical mistakes in the revised manuscript.

Comments:
2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Our response:
Thanks for reminding the copyright of related figures. According to this comment, we changed the figures to ensure all figures are the initial data for publication.

Comments:
3. The highlighted protocol steps are over the 2.75 page limit (including heading and spacing). Please highlight fewer steps for filming.
5. Please do not highlight not for filming.
6. Step 3.4: Step 2 is referenced here. In order to film this step, step 2 need to be highlighted.
7. Step 7.1: Step 4.1 is referenced here. In order to film this step, step 4.1 need to be highlighted.
8. Step 7.2: Steps 6.3 and 6.4 referenced here. In order to film this step, step 6.3 and 6.4 need to be highlighted.
Our response:
According to those comments, we re-highlighted the protocol steps within 2.75 page limit and other format requirements for filming.

Comments:
4. Please ensure that the references appear as the following:
Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).
Our response:
We revised the reference format accordingly.

Comments:
9. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously published work. Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please check the iThenticateReport attached to this email.
Our response:
According the iThenticateReport, we revised the significant overlap sections in our manuscript.
Thank you for all those kind information.



Responses to Reviewers' comments:
Reviewer #1:
Comments:
-Authors use a Fianium laser at 50 MHz repetition rate. This is quite an unusual source, normally researchers have easier access to Ti:Sapphire oscillators used for multiphoton microscopy (80 MHz). Are these systems adapted for this procedure? What are the minimal laser requirements needed for implementing the stimulation in terms of pulse energy, pulse duration, etc.? These are essential information for interested researchers.
Our response:
Thank you for this comment. This concern might root from our misleading presentations.
In our experiments, both Ti: Sapphire oscillators (MaiTai, SpectraPhysics) and femtosecond fiber lasers are used and can work for the photostimulation. In theory, the photostimulation can effectively achieve the results shown in this manuscript as long as the multiphoton effect is high enough while the side effect (thermal effect and cavity effect) does not harm the cells significantly. In this regard, when the parameters of the femtosecond laser pulses, like wavelength, pulse width, and pulse energy, were changed, the mean power should be tuned accordingly. But the cellular responses would not be quite different. The most significant variation of the cellular responses comes from the multiphoton excitation efficiency that changes along with the optical parameters. For example, the pulse width and wavelength of the fiber laser are both much longer than the Ti: S laser (120 fs vs. 65 fs, 1040 nm vs. 800 nm). Generally at the same mean power, the multiphoton excitation efficiency from the Ti: S laser is much higher than it by the fiber laser (much higher transient peak power and single photon energy). Therefore, the similar cellular responses can be achieved by the Ti: S laser at lower power. The thermal effect is also smaller by it. But at higher laser power, the Ti: S laser can provide much higher multiphoton efficiency to ionize the cell inside the focus that may damage it. The fiber laser in the previous version was only an example. In the revised manuscript, we provide some representative results by using a Ti: Sapphire femtosecond laser (810 nm, 65 fs, 80 MHz), as shown in Figure 5 and 6. We also add the explanations and discussions to show the points above in the manuscript.
In general, according to our previous studies, the cellular molecular activity is mostly induced by multiphoton exaction1 - 5. Hence the pulse width should be short enough to provide a high peak power for high nonlinear exaction efficiency while with little side effect especially heat thermal effect6. The typical pulse width for two-photon microscopy, < 200 fs, is an appropriate choice. The repetition rate of the laser is not a key factor since the thermal accumulation at MHz level does not varies a lot. The peak power density of each laser pulse, after focusing, should be around 1011~1012 W/cm2. The laser power and stimulation duration (total incident energy) can provide different cellular molecular responses. It should be noted that the different cellular structures are sensitive to the total incident energy and transient power. The laser power and stimulation duration for ERK activation are quite different from them that work for eliciting mitochondrial events. We provide more discussions in the revised manuscript. 

References:
1. He, Hao, et al. "Manipulation of cellular light from green fluorescent protein by a femtosecond laser." Nature Photonics 6.10 (2012): 651.
2. Wang, Yisen, et al. "All-optical regulation of gene expression in targeted cells." Scientific reports 4 (2014): 5346.
3. Wang, Shaoyang, et al. "Photoactivation of Extracellular‐Signal‐Regulated Kinase Signaling in Target Cells by Femtosecond Laser." Laser & Photonics Reviews 12.7 (2018): 1700137.
4. Wang, Yintao, et al. "Photostimulation by femtosecond laser triggers restorable fragmentation in single mitochondrion." Journal of biophotonics 10.2 (2017): 286-293.
5. Shi, Fan, et al. "Mitochondrial swelling and restorable fragmentation stimulated by femtosecond laser." Biomedical optics express 6.11 (2015): 4539-4545.
6. Vogel, Alfred, et al. "Mechanisms of femtosecond laser nanosurgery of cells and tissues." Applied Physics B 81.8 (2005): 1015-1047. 

Comments:
-Authors mention often the use of a fast shutter. What fast means in this context? Capable of isolating single pulses at 50 MHz? Or just a mechanical shutter with ms response time?
Our response:
Sorry for our confusing statement. The “fast” is relative to the cellular responses, not to the laser. In our protocol, the stimulation duration is at millisecond level. A mechanical shutter with ms response time is enough to apply. We revised related description in our manuscript.

Comments: 
-The alignment of an external laser through a scanning system is a very delicate procedure, the authors provide some useless and redundant instructions (e.g., "turn on laser and microscope") but there is no real suggestions for the alignment procedures (use of reference pinholes, which mirror to steer and in which order, how to ensure the collimation between the two beams, etc.). Neither they discuss the choice of the proper optics for the set-up.
Our response:
Thanks for indicating the ambiguous descriptions in previous manuscript. According to this comment, we presented more detailed information of the establishment of the photostimulation system.

Comments:
Similarly, in the biological procedures for sample preparation, stimulation, and imaging I observe a lack of details related to the specificity of this procedure. How we define the region for stimulation? What is the signature of laser cell-damage (leading for instance to an increase in autofluorescence) and how can one use this information to adapt the dwell time, pulse energy, etc. for the stimulation? I suggest providing a table comparing the different protocols described with the interval for the corresponding laser specs.
Our response:
To determine the stimulation location in the mitochondrial stimulation experiments, clearly any mitochondrial tubular structure, if selected, is stimulation location. To activate ERK signaling in cells, normally the stimulation region was located in the ER part of the cell, which can be easily found in the cytoplasm close to the nucleus under the bright-field microscopy (the nuclear region of most cell types can be distinguished from cytosol). 
To further determine the stimulation area, in Stim-A mode, the photostimulation region is determined by the fixed laser focus, ~ 2 μm in diameter. In Stim-B mode, the stimulation region is pre-designed as any shape but usually a small scanning area (~ 2×2 - 3×3 μm2). It can be set in the cytosol. But in the ER region close to nucleus can provide higher excitation efficiency due to higher Ca2+ depletion effect from ER.
  Generally the stimulation efficiency conflicts with cell safety. Higher laser power, longer stimulation duration, larger total incident laser energy, can improve the stimulation efficiency while cells may be damaged. The cell safety can not be determined or described by only one parameter. 
The compromise range of laser power should be clearly addressed. However, it should be noted that cell damage and photostimulation effect is not only dependent on laser power but simultaneously influenced by other stimulation parameters like the region, duration, and wavelength. For example, mean power over 60 mW (810 nm) or 120 mW (1040 nm) and exposure duration longer than 1 s can induce irreversible damage to cells by Stim-A mode. But if decreasing the stimulation duration to 0.1 s, the safe power at 810 nm can be as high as 80 mW. The stimulation with an average power higher than 40 mW (810 nm) or 80 mW (1040 nm) and exposure duration over 0.2 s may induce significant damage like irreversible fragmentation in stimulated mitochondrion or even in all mitochondria across the whole cell. In Stim-B mode, except for the mean power and stimulation duration, another factor may affect the photo-activation efficiency and cell damage is the stimulation area. The femtosecond laser stimulation may cause cell damage by delivering on a small stimulation area, but the same stimulation may fail to activate ERK by delivering on a larger stimulation area. Therefore, we can not provide simply safe parameters. But we add tables and more detailed discussions to show some typical examples for reference.


Reviewer #2:
Comments:
Without a reliable control the experiments have not proved which component can be stimulated under 1 W power of 1040 nm wavelength light.
Our response:
Sorry the ambiguous description. At first, the laser output power is 1 W. But the power used for stimulation will be tuned accordingly. We have provided a recommended power level range for stimulation in revised manuscript. 
  For mitochondrial stimulation, the mitochondrial tubular structure is stimulated by the laser. In Stim-A mode, the laser focus position is fixed in the center of the FOV that can be localized before experiments. To be convenient, the focus position can be labeled in the bright-field microscopy by the CCD camera (as shown in Figure 2) or fluorescent imaging window to aid for moving the target mitochondrial structure on the focus.
  For ERK activation, in our protocol, we recommend to deliver the photostimulation on the ER region in Hela cells to achieve a high ERK activation efficiency and little cell damage. The ER region can be easily distinguished from cytoplasm or nucleus under bright-field microscopy by a phase-contrast objective. The photostimulation region is recommended to select the area in ER close to the nucleus. According to previous works1, 2, the photostimulation in that area can deplete the Ca2+ store in ER effectively and activate the CRAC channel. Then the Ca2+ influx can activate ERK signaling pathway subsequently. 

References:
1. He, Hao, et al. "Manipulation of cellular light from green fluorescent protein by a femtosecond laser." Nature Photonics 6.10 (2012): 651.
2. Wang, Shaoyang, et al. "Photoactivation of Extracellular‐Signal‐Regulated Kinase Signaling in Target Cells by Femtosecond Laser." Laser & Photonics Reviews 12.7 (2018): 1700137.

Comments:
For fluorescence imaging of Hela cell it is used a confocal microscope with the excitation wavelength of 488nm, 532nm and 635nm respectively.
Which is the collection wavelength interval? Which is the focus area and penetration depth of the femtosecond laser?
Our response:
To acquire the green (excited by 488 nm), yellow (excited by 532 nm), and red (excited by 635 nm) fluorescence most effectively, we used dichroic mirrors to split the fluorescence at < 560 nm, 560 - 625 nm and > 625 nm respectively. To acquire an optimal fluorescence blocking of other channels, the wavelength intervals of those filters in the 3 channels are 520 ± 25 nm; 600 ± 25 nm; and 670 ± 40 nm respectively. However, the fluorescent imaging would not be significantly different if the intervals are changed as long as in the green/yellow/red ranges.
  The diameter of femtosecond laser focus in cell is around 2 μm (Figure 2). In Stim-B mode, femtosecond laser beam is coupled with the excitation laser beam and works as two-photon microscopy. Hence the focus of femtosecond laser at imaging plane is similar to the traditional multi-photon microscope. In the z-direction (vertical direction), the focus of femtosecond laser can be set in any plane by tuning the distance between two lenses of the relay scope in the vertical direction (the laser propagation direction, vertical to the confocal imaging plane, Figure 1). In our experiment, we adjust the distance between two lenses to ensure the focus of femtosecond laser is on the confocal imaging plane through bright-field imaging of CCD.

Comments:
Which is the dimension/area of the cellular component intended to be stimulated?
Our response:
  For mitochondria signal activation, we focus femtosecond laser on anywhere of the selected mitochondrial tubular structure to vibrate mitochondrial physiological status. The diameter of femtosecond laser focus is around 2 μm.
For ERK activation, as discussed above, we intend to deliver photostimulation at ER region in target cells to achieve a high ERK activation efficiency and little cell damage. In Stim-A mode, photostimulation is performed as a single point stimulation. The diameter of femtosecond laser focus is around 2 μm. In Stim-B mode, the stimulation region can be designed as any shape but usually a small scanning area (~ 2×2 - 3×3 μm2) is used to achieve a high stimulation efficiency and little cell damage. 

Comments:
"Photostimulation by femtosecond laser activates extracellular-signal-regulated kinase (ERK) signaling or mitochondrial events in target cells"
...and several other cellular components. It is mentioned that "femtosecond-laser stimulation can directly activate multiple cell processes"
exactly this is the problem in controlling this stimulation. We do not know which process is stimulated.
It is speculative to assign the stimulation to a specific process once the detection of confocal microscopy does not assure a required resolution to follow the biological process.
Our response:
The sentence “femtosecond-laser stimulation can directly activate multiple cell processes” provided an ambiguous statement in abstract section. We revised this sentence more clearly and straight-forward. 
In introduction section, we briefly explained that femtosecond laser stimulation can induce Ca2+ release and a series of cellular molecular signaling events, including NFAT and ERK signaling pathway because they are both the downstream signaling of cell Ca2+. The activation of those signaling are all cellular responses. In theory, they can be activated simultaneously. In this protocol, what we present is a part of cellular responses of laser stimulation. We detailed present the procedures to use femtosecond laser to affect ERK signaling and mitochondrial signaling events includes mitoflash, mitochondrial morphology changes, mitochondrial membrane potential and Bax or cytochrome C changes. We also briefly discuss that ERK singling pathway can be activated by femtosecond laser stimulation, as the following figure2.
  Photo-activated ERK signaling and mitochondrial signaling events are on the same time and space scale with those processes induced by chemicals3, 4. Therefore, the confocal microscopy can prove sufficient resolution to monitor the biological process.
[image: ]
RS Figure 1. A simplified proposed photoactivated ERK pathway demonstration. MEK: mitogen-activated extracellular signal-related kinase. MNK: MAPK-interacting kinases2.

References:
3. Costa, Mario, et al. "Dynamic regulation of ERK2 nuclear translocation and mobility in living cells." Journal of cell science 119.23 (2006): 4952-4963.
4. Wang, Wang, et al. "Superoxide flashes in single mitochondria." Cell 134.2 (2008): 279-290.

Comments:
Minor Concerns:
1)Although HeLa cell line is well-known, it is required to show the abbreviation when appear first in the text: HeLa cell (cell line derived from cervical cancer cells taken on February 8, 1951 from Henrietta Lacks; Ref: Scherer, W.F.; Syverton, J.T.; Gey, G.O. (1953). "Studies on the propagation in vitro of poliomyelitis viruses. IV. Viral multiplication in a stable strain of human malignant epithelial cells (strain HeLa) derived from an epidermoid carcinoma of the cervix". Journal of Experimental Medicine. 97 (5): 695-710. doi:10.1084/jem.97.5.695. PMC 2136303. PMID 13052828.)
Our response:
Thanks for reminding this detailed information. We added relevant illustration about Hela cell line in revised manuscript.

Comments:
2)This sentence is confusing: "In current stage, there exist rare methods that can control cellular molecules directly without optogenetics."
Our response:
We revised this ambiguous sentence to make a clear statement.

Comments:
3)Figure 1
It would be useful the specification of which femtosecond laser was used:
wavelength: 1040 nm, repetition rate: 50 MHz, pulse width: 120 fs, maximum output average power: 1 W
4)Figure 2 requires two images of the same area with fs "on" and "off".
In the present figure 2 the indicated by arrow area does not convincingly show
the localization of femtosecond laser focus on cell.
5) The figure captions 5 and 6 require the explanation of which excitation wavelength and collection wavelength were used.
Our response:
[bookmark: _GoBack]Thanks for those valuable remarks. We revised the figures and figure legends accordingly.
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