Feb 20, 2021
Editor
Journal of Visualized Experiments

Dear editor,
Please find a revised manuscript (manuscript number: JOVE-S-20-01324) entitled, “3D printing in vitro hydrogel microcarriers by alternating viscous-inertial force jetting”, for possible publication as an Article in Journal of Visualized Experiments. 

We are most grateful to you and the reviewers for the helpful comments on our manuscript.  We have taken all these comments into account.  

We have made every effort to address the concerns of the reviewer and have extensively revised the former manuscript.  We revised parts according to the reviewer’s comments.  We also had the writing improved throughout the manuscript assisted by a native English speaker.  These modified parts are highlighted in red in the revised manuscript.  

We believe that we have provided solid responses to the statements of the reviewers and hope the improved manuscript will meet the standards for publication.  

Thank you in advance for your kind consideration.  

Sincerely yours,

Yuan PANG
Ph.D, Assistant Professor, 
Dept. of Mechanical Engineering, Tsinghua University, 
Haidian District, Beijing 100084, China 
E-mail: pangyuan31@tsinghua.edu.cn 


List of changes in manuscript
1- Proofread the manuscript this time and invited a native English speaker to assist in the revision of the article.
2- Text was revised to avoid the use of any personal pronouns.
3- Highlight protocol text (in yellow color).
4- Line 13-16 and 26-31, provide email address for each author.
5- Line 108-113, details of subculturing by trypsin have been added.
6- Line 116-118, add detailed information of glass micropipettes in the experiment.
7- Line 120-121, supplement the detailed pulling parameters.
8- Line 127-129, supplement the detailed process of cutting off the nozzle.
9- Line 138, 142, and 154, the “sodium chlorid” has been removed and replaced with “NaCl”.
10- Line 144, 155 and 172, describe the storage conditions and periods of the stock solution.
11- Line 151, 152, 163, 164, 185, and 186, emphasize the preparation of materials should be carried out in the hood to keep sterile.
12- Line 189-219, supplement and describe the printing process in more detail.
13- Line 223, the error of alginate-collagen was found and modified to “gelatin”.
14- Line 225-236, supplement and describe the crosslinking and cell binding process in more detail.
15- Line 235, centrifuge speeds have been converted to centrifugal force (29 x g) instead of revolutions per minute (400 rpm).
16- Line 239-252, supplement and describe protocol about staining cells by fluorescent probes and culture medium changing process for the co-culture structure in more detail.
17- Line 255 and 256, supplement the use of confocal microscope to observe cells with microcarriers.
18- Line 256, supplement the magnification of microscope.
19- Line 259-262, supplement and describe the measuring process in more detail.
20- Line 267 and 275, adjust the number of the picture
21- Line 281 and 282, the error of PBS was found and modified to “NaCl solution”.
22- Line 298-303, description of Figure 4 was modified because of re-photograph  of Figure 4.
23- Line 290 and Figure 4, “under a 5 million samples/sec and 10 V” was removed because these have been supplemented in the printing process protocol.
24- [bookmark: _GoBack]Line 349-353, supplement other support foundation and program.
25- REFERENCES section, revised the format of references.
26- Figure 1, add the printing system as Figure 1A for convenience of understanding. Adjust figure 1B and 1C to make their arrangement more beautiful.  Modify the legend accordingly. 
27- Figure 2, add a new scale bar in the bottom right corner of each image to make its position uniform and more visible.
28- Figure 3, provide a title legend and reveal the way of data processing in figure legend.
29- Figure 4, re-photograph and stain cells to get a better results.  Figure Legend was modified correspondingly.
30- Table of Materials section, added the petri dish information in the Name of Material/Equipment part at the end of the paper, and sorted the Table of Materials in alphabetical order. 




















Answer to Editorial Office:

To the comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Answer:  We are sorry for the spelling errors and grammar issues in the previous manuscript.  We have thoroughly proofread the manuscript this time and invited a native English speaker to assist in the revision of the article.
2. Please provide an institutional email address for each author.
Answer: Thanks for the kind remind.  We have provided email address for each author in AUTHORS AND AFFILIATIONS Section in Page 1.  The details of the supplement are as follows:
Zitong Wang  (ztwang55@gmail.com)
Yuqiu Chen   (chen-yq17@mails.tsinghua.edu.cn)
Yuan Pang    (pangyuan31@tsinghua.edu.cn)
Ding Weng    (dingweng@tsinghua.edu.cn)
Wei Sun      (weisun@tsinghua.edu.cn) 

3. Please revise the following lines to avoid previously published work: 86-87.
Answer: Thanks for your suggestion.  The last paragraph of the abstract outlines our objectives, methods and results.  Thus, it is indeed inappropriate to cite previously published articles in this section.  We have removed the reference you mentioned.  Specifically, we deleted “Mathematical models have also been applied to represent the effects of vibration parameters on droplet size and velocity to ensure good controllability” in INTRODUCTION Section, Page 2.

[bookmark: OLE_LINK45][bookmark: OLE_LINK47][bookmark: OLE_LINK22]4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Answer:  We are sorry for the mistakes.  We have revised the text to avoid the use of any personal pronouns.  The related parts are listed as follow. 
	Position
	Before
	After

	Line 33
	We applied …
	… was applied

	Line 51, Page 1
	We applied …
	… was applied

	Line 53, Page 1
	We subsequently seeded …
	… were subsequently seeded

	Line 95, Page 2
	we successfully formed …
	… were successfully formed

	Line 308, Page 7
	… our approach
	… AVIFJ approach

	Line 310, Page 7
	… in our printing systems
	… in this printing systems

	Line 328, Page 7
	We experimented with …
	… was experimented with

	Line 338, Page 7
	We preliminarily verified …
	… was preliminarily verified

	Line 344, Page 7
	we have developed …
	… has been developed



5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc

Answer:  Thank you for the kind suggestion.  We have revised the text, especially the protocol section, to make sure they are arranged in imperative sentences.
	Position
	From
	To

	Line 102, Page 2
	… was supplemented
	Supplement …

	Line 106, Page 2
	… were cultured
	Culture …

	Line 116, Page 2
	… were loaded
	Load …

	Line 126, Page 2
	… was further cutted off
	Cut off …

	Line 131, Page 2
	… was immersed
	Immerse …

	Line 134, Page 3
	… was sterilized
	Sterilize …

	Line 138, Page 3
	… was dissolved
	Dissolve …

	Line 138, Page 3
	… was vibrated
	Vibrate …

	Line 139, Page 3
	… was filtered
	filter …

	Line 142, Page 3
	… was weighed and dissolved
	Weigh … and dissolve it

	Line 146, Page 3
	… was sterilized
	Sterilize …

	Line 149, Page 3
	… was diluted
	Dilute …

	Line 154, Page 3
	… was dissolved
	Dissolve …

	Line 158, Page 3
	… was sterilized
	Sterilize …

	Line 161, Page 3
	… was diluted
	Dilute …

	Line 166, Page 3
	… was prepared
	prepare …

	Line 168, Page 3
	… was adjusted
	Adjust …

	Line 171, Page 3
	… was dissolved
	Dissolve …

	Line 175, Page 3
	… was sterilized
	Sterilize …

	Line 178, Page 4
	… was dissolved
	Dissolve …

	Line 181, Page 4
	… was diluted
	Dilute …

	Line 183, Page 4
	… was prepared
	Prepare …

	Line 255, Page 5
	… were observed and measured
	Observe and measure …

	Line 259, Page 5
	… was measured
	Measure …


 

6. Line 95: Please describe the preparation of H-DMEM in detail.
Answer:  We are sorry for the unclear expression.  H-DMEM is short for high-glucose Dulbecco’s modified Minimum Essential Medium.  H-DMEM are purchased from GIBCO instead of self-preparation.  Line 102, Page 2, the “prepared” has been removed and the catalog number has been listed in the list.

7. Line 99: Please include details of subculturing by trypsin. How is the trypsinization done? What volume or proportion of trypsin is used?
Answer:  Thank you for the kind remind.  Details of subculturing by trypsin have been added.  In details, use 3 mL trypsin to treat the cells in the T75 culture flask at 37 ℃ for 3 minutes, then add 6 mL culture medium to stop the trypsinization.  Pipette the culture medium to harvest loosely adhered cells.  Centrifuge at 72.5 × g for 3 min.  Remove the supernatant and resuspend with 3 mL fresh medium.  Transfer 1mL cell suspension to a new T75 culture flask containing 10 mL fresh medium.  Additional information is added to PROTOCOL Section, Page 2.

8. Line 103-115: Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.

Answer:  Thank you for the kind suggestion.  We have added more details about nozzle size, methods and parameters of drawing and forging nozzles.  Line 116, Page 2, added “The outer diameter, inner diameter and length of the micro-jet pipe are 1.5 mm, 1.1mm, and 100 mm, respectively”.  Line 120, Page 2, “The parameters, including temperature, pull strength, velocity, and delay for the commonly used printhead shapes can be referred to in the cookbook provided by the instrument manufacturer” was modified as “Specifically, the values of HEAT, PULL, VELOCITY, TIME, and PRESSURE are set to 560, 255, 255, 150,and 500 by default, respectively.”.  Line 127, Page 2, added “Specifically, locate the specified diameter of the nozzle onto the heated platinum wire.  Heat the wire up to 60 ℃ for about 5 seconds and pull the nozzle apart”.

9. Line 167/173: Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).

Answer:  Thank you for the kind suggestion.  Centrifuge speeds have been converted to centrifugal force (29 x g) instead of revolutions per minute (400 rpm) in Line 235, Page 5.  As for Line 249, Page 5, the movement of the shaker is very gentle, that make the microcarrier and the cells in the culture dish move in a small range to increase the probability of contact. So the revolutions per minute (rpm) is relatively better there.

10. Line 177: Please elaborate on the method for measuring the microcarrier diameter using ImageJ software.

Answer:  Thank you for the kind suggestion.  The method for measuring the microcarriers diameter using ImageJ software has been described.  Line 259, Page 5, add “According to the scale bar that comes with the microscope when shooting in the picture, set the actual size of the scale in ImageJ, and draw 10 lines of the radius or semi-major axis of the microcarriers.  ImageJ can get the average size and standard deviation of these line segments”.

11. Please include a one-line space between each protocol step and highlight up to 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed.

Answer:  Thank you for the kind suggestion.  A one-line space between each protocol step has been included.  Protocol text that needs to be filmed of the video has been highlighted up.  

12. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.

Answer:  Thank you for the kind suggestion.  We have removed the embedded figures from the manuscript.  We have uploaded separately all figures accompanied by a title and a description to Editorial Manager account.

13. In the reference section, please do not use any abbreviations for journal titles and book titles. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations

Answer:  Thank you for the kind suggestion.  We have revised the format of references.
	Position
	From
	To

	Line 362, Page 8 
	Adv
	Advances

	Line 368, Page 8
	J Biotechnol
	Journal of Biotechnol

	Line 370, Page 8
	J Biotechnol
	Journal of Biotechnol

	Line 372, Page 8
	Adv Mater
	Advanced Materials

	Line 374, Page 8
	Carbohyd Polym
	Carbohydrate Polymers

	Line 381, Page 8
	Carbohyd Polym
	Carbohydrate Polymers

	Line 391, Page 8
	Chem Commun
	Chemical Communications

	Line 401, Page 8
	Macromol Biosci
	Macromolecular Bioscience

	Line 405, Page 9
	Chem Mater
	Chemistry of Materials

	Line 407, Page 9
	Macromol Biosci
	Macromolecular Bioscience

	Line 414, Page 9
	Adv Mater
	Advanced Materials

	Line 416, Page 9
	Lab Chip
	Lab On A Chip

	Line 422, Page 9
	Pharm Res
	Pharmaceutical Research




14. Figure 3(B): Please provide a title legend for the graph in the Figure Legends.

Answer:  Thank you for the kind suggestion.  We have added the title legend for the graph in the Figure Legends.  The title and description of Figure3 have been modified as follow:
Figure 3 Microcarriers printed with different diameters of the nozzle tip. (A) 1% alginate microcarriers, printed with nozzle tip diameters at 30, 80, 100, 120, 150, 200, 250, 300, and 350 m, respectively. Scale bar: 200 m. (B) Effect of the nozzle tip diameter on the size of microcarriers.  The sizes of the microcarriers printed with nozzles of different diameters were statistically analyzed using ImageJ software. Ten microcarriers for each nozzle were selected and calculated.  Data are presented as mean ± s.d. (C) Printed modified HA microcarriers with tip diameters at 75 m. Scale bar: 100 m.

15. Figure 3/4: Please provide the details of magnification in the Figure Legends.

Answer:  Thank you for the kind suggestion.  We have provided the details of magnification in the Figure Legends.  

16. Please sort the Table of Materials in alphabetical order.

Answer:  Thank you for the kind suggestion.  We have sorted the Table of Materials in alphabetical order.


Answer to Reviewer 1:


To the comments:
1. In Protocol 3, I suggest the authors should unify the writing of "NaCl" and "sodium chloride".
Answer:  Thanks for the kind suggestion.  We have modified "sodium chloride" to “NaCl” on line 138, 142, and 154, Page 3.

2. In Protocol 4, I suggest the authors should add a photo or a sketch of the device rather than only refer the previous published work.
Answer:  Thank you for the kind suggestion.  We have added a photo of the device to figure 1 to better introduce the composition and installation of the nozzle.

3. In Figure 3, I suggest the authors should unify the positions of the scale bars in each image.

Answer:  Thanks for your kind suggestion.  Since the scale bar was fused with the image during the microscope shooting and saving process, unfortunately we have no way to modify the position of the scale bar in the original image.  We could only add a new scale bar in the bottom right corner of each image to make its position uniform and more visible.  The specific modifications were shown in Figure 2, Figure 3 and Figure 4.

4. Please check the grammars and the words again.

Answer:  Thank you for the kind remind.  We are sorry for the spelling errors and grammar issues in the previous manuscript.  We have thoroughly proofread the manuscript this time and invited a native English speaker to assist in the revision of the article.

Answer to Reviewer 2:

To the comments:
The manuscript is well-written and well-presented. It is of interest in the community and it can be published after a minor revision. The only suggestion is that a more comprehensive cell viability and cell toxicity study would be a great added value to this study. The novelty of this study should be highlighted as well.
Answer:   We understand your concern.  The purpose of this article is to propose a novel printing method with high biocompatibility.  Thus, we only evaluated the adhesion of cells on microcarriers.  Cell viability and cell toxicity study will be supplemented in the following research article.    We have re-photographed and stained cells to get a better results.  
These cells were imaged at higher magnificence under fluorescence and light microscope.  We observed the cell morphology and distribution on the microcarrier more clearly.  We have observed the adhesion of cells on microcarriers and proliferation of those cells over time.  To a certain extent, it proved that the cells on microcarriers survive and have certain functions. All these results have been supplemented in the RESULT Section, Figure 4.
In this article, we applied a 3D printing technique called AVIFJ to construct hydrogel microcarriers. Compared to existing microfluidic chip and inkjet printing methods, our approach to constructing microcarriers offers greater flexibility and biocompatibility. An independent nozzle enables a wide range of lightweight nozzles, including glass micropipettes, to be used in our printing systems. The highly controllable processing enables parameters including the volume of the reservoir, the inner diameter, and the shape of the printhead to be freely adjusted. Furthermore, the disposable nozzle facilitates sterilization for switching among multiple materials, which avoids potential contamination from repeated use. Finally, small and rapid displacements, instead of severe forces and thermal conditions, act directly on the nozzle during the printing process, maintaining the original physical and chemical properties of the printed bioink to the maximum extent; this feature is highly attractive for biomaterial applications.  Our improvement and innovation are summarized in the 4th paragraph of INTRODUCTION Section and the 1st paragraph of DISSCUSSION Scetion.


Answer to Reviewer 3:

To the comments:
Major Concerns:
1. In line 83, the authors state that the formation of microdroplets was based on vertical vibration. We all know that the glass tubes have the property of frangibility. How do the authors deal with the relationship between vibration and nozzle broken? Is there a reasonable vibration parameter to be explored?

Answer:  We understand your concern.  The nozzle is fragile, but is strong enough to withstand the forces caused by vibrations.  The vibrations that produce droplets are tiny.  The distance of a single vibration is only 60 microns, and the period of a single vibration is only 0.1 seconds.  The experimental results also prove that the nozzle does not break during the vibration process.  However, special attention needs to be paid to during nozzle installation.

2. The authors point out that the printing capacity of the nozzle is highly dependent on the viscosity of the bioink, in line 279, authors state that "this technology is ineffective for high-viscosity inks". The research on glass nozzle that could manipulate high-viscosity bioink has been mentioned in "Micromachines 2020, 11, 681" and the authors are suggested to make a comparison with them.

Answer:  We understand your concern.  Zhang et. al. did a very good job in printing high-viscosity bioink using a microfluidic-based 3D printing nozzle.  The comparisons between Zhang and our work are as follows:
1) The uses of the glass nozzle are different.  Zhang used the developed nozzle to narrow the liquid flow and to achieve the hydrodynamic focusing of the oil-water phase with a nested structure.  We used the developed nozzle to produce sufficient driving forces during vibration to overcome the surface tension between air-water and to form droplets.
2) Liquid pushing plays different roles in these two work.  The applied pushing and maintenance of fluid flow are necessary for the microfluidic chip to maintain stable function and to generate droplets.  The pushing we apply is to assist in overcoming the greater friction on the inner wall of the glass tube, and to achieve bioink supply to the nozzle.  The key factor of droplet formation remains to be the interaction of forces during vibrations.  
3) The microcarriers we prepare have different uses.  Uniformly distributed droplets and microcarriers were formed in both Zhang's and our article.  In addition to the spontaneous polymerization of microcarriers, a combination of microsphere preparation and printing can be achieved by positioning the microspheres in our method.  Besides, we try to avoid excessive shearing forces during the printing process for further encapsulating cells inside the microcarriers.  Zhang did not mention any biological applications in his article, thus the cell damage caused by forces during construction was not considered.
4) We use similar bioinks.  The concentration of alginate stock solution in Zhang's article was 0.5 wt% and was mixed with calcium chloride solution at a volume of 4:1 to a final used concentration of 0.4 wt%.  In our experiments, we have also achieved stable printing of alginate at 0.5%, 1% and 1.5% concentrations.  In Zhang's paper, alginate was pre-crosslinked and Fe3O4 nanoparticles were added to provide a high-viscosity fluid.  Taking more into account biocompatibility, we achieve similar results to Zhang by printing alginate into calcium chloride solution for post-crosslinking.

3. How is the nozzle combined with the printing equipment? Whether a specific way of combination is needed to ensure that the ink will not leak during the printing process? Is this combination convenient to replace the nozzle?

Answer:  We understand your concern.  Flexible nozzle switching is made possible by our convenient installation method.  The nozzle is fixed on the printing device by clamping. A screw is used to adjust the tightness of the clamp.  According to different printing ink, the nozzle can be removed or assembled at will simply by loosening and tightening the screw.  To prevent ink leakage during the printing process, the inner diameter of the silicone tube is slightly smaller than the outer diameter of the glass tube, which provides sufficient preload to avoid liquid leakage. In addition, a smaller fluid supply speed is used to avoid fluid leakage. We have supplemented the detailed information on Line 189-219, Page 4.

Minor Concerns:
1.In line 110, the authors should state what kind of hydrophobic agent they have used.

Answer:  Thank you for the kind suggestion.  We just bought a hydrophobic agent from 3M and the catalog number is PN 7026.  The detailed information is listed in the JoVE materials. 

2. In all the pictures, the color of the scale bars are not uniform and badly arranged, and the numbers beyond the scale bars are not even visible, please revise that.

Answer:  Thank you for the kind suggestion.  Since the scale bar was fused with the image during the microscope shooting and saving process, unfortunately we have no way to modify the position of the scale bar in the original image.  We could only add a new scale bar in the bottom right corner of each image to make its position uniform and more visible.  The specific modifications were shown in Figure 2, Figure 3 and Figure 4.

Answer to Reviewer 4:

To the comments:

In the paper titled "3D printing in vitro hydrogel microcarriers by alternating viscous-inertial force jetting", Liu and coworkers provided a facile technique (AVIFJ) for printing the different hydrogel μcarriers for cell culturing. In general, I think the paper/protocol is easy to follow, with many details about the manipulation of micropipette diameters, the printing sampling speeds/Vpp, precursor concentrations and bead-cell coculture. However, I think the paper can be improved if the authors can provide more information in the following parts:

1. Page2, Section 3, Could you provide the store conditions for the stocking solution you made? Is it in -20C or -80C? What is the shelf life under those conditions?

Answer:  Thank you for the kind suggestion.  The stock solution can be stored at 4 ℃ for 1 month.  We have added the store conditions for the stocking solution on Line 144, 155 and 172, Page 3.

2. Lines 159 and 164, you should provide the petri dish information in the Name of Material/Equipment part at the end of the paper.

Answer:  Thank you for the kind suggestion.  The catalog number of petri dishes were P5731-500EA and bought from Sigma.  We have added the petri dish information in the Name of Material/Equipment list.

3. Line 164 again, could you provide the volume of the crosslinking solution as well as the concentration.

Answer:  We are sorry for the missing information.  The microcarriers were cross-linked in 5 mL 3% (w/v) calcium chloride solution for 3 min.  The detail information was supplemented in Protocol section, Line 225-236, Page 5.

4. Could you provide a suggested gelation time for the hydrogel carriers in the crosslinking solution in sections 4 and 5 on Page 3?

Answer:  We are sorry for the missing information.  The bioink we used in section 4 was sodium chloride solution, which just proved the controllability of the printing system.  For alginate and HA we used in section 5, the gelation time was 3 min.  The detail information was supplemented in Protocol section, Line 225-236, Page 5.

5. Section 6 on Page 3, are the procedures mentioned in this section were performed in the tissue culture hood? How to keep all the sample sterilized?

Answer:  We understand your concern.  To provide a sterilized environment for cell growth, the procedures in Section 6 were all carried out in a tissue culture hood.  We have sterilized all samples in the previous operations.  The liquid material was sterilized by passing through a 0.45 µm polyethylene terephthalate filter membrane.  The hydrogel material was sterilized by heating up three times in an oven (70 °C), following the pasteurization method.  The printing environment was sterilized by alcohol wiping and overnight UV irradiation.  Material preparation and cell seeding were performed in the bench, and aseptic practices were strictly followed.

6. Same section, to change the medium, could you provide more details? Such as the centrifuge speed and time?

Answer:  We are sorry for the missing information.  To change the culture medium, we first take the plate off the shaker and wait for 30 min to let the microcarriers settle down.  1 mL culture medium is then carefully pipetted up, followed by pipetting the same volume of fresh medium down.  A large loss of microcarriers is avoided by such half-medium changing method.  We also supplemented the missing information in Section 6, on Line 244-252, Page 5.

7. Section 7 on Page 3, could you provide more information about the microscope? What is the objective, magnification etc.?

Answer:  Thank you for the kind suggestion.  The samples were observed under a DP70 inverted optical microscope bought from Olympus.  The magnification of the eyepiece was 10 ×.  We adopted 4 ×, 10 × and 20 × objective lenses.  We have added the missing information in Section 7, on Line 257, Page 5. 

8. In Figure 3C, could you provide more quantitative measurement as Figure 3B for the HA microcarriers so that you can compare the effect of micropipette diameter on two different hydrogels?

Answer:  Thank you for the kind remind. Utilizing the AVIFJ method, with increasing viscosity, the printing process became correspondingly more difficult, as the greater drive forces were needed larger droplets would obtain.  Due to the the high viscosity of the HA solution, we cannot print HA microcarriers in a large size range.

9. In all Figures, the numbers above scale bars are very hard to see. Maybe consider increase the font size?

Answer:  Thank you for the kind suggestion.  We have increased the font size of the numbers above scale bars.

10. In Figure 3B, you need to specify the beads are made of alginate.

Answer:  Thank you for the kind suggestion.  We have specified the beads are made of alginate in main text on Line 290, Page 6 and in the figure legend.

11. Could you provide some explanations about why the HA microcarriers are much more 'sphere-like' than the alginate microcarriers in Figure 3? To me the alginate microcarriers, especially in the larger diameters, have a weird donut-shape morphology.

Answer:  Thank you for the kind remind.  There have been many researches about droplet impact phenomena.  In the case of droplets impacting on liquid surfaces, an air layer are entrapped and the two liquid surfaces are deformed due to the pressure build-up by air layer [1].  We believe that the high viscosity of the HA solution reduces the deformation caused by droplet impact.   Besides, the larger the droplet size, the easier it is to deform.
[1]Tran T , de Maleprade, Hélène, Sun C , et al. Air entrainment during impact of droplets on liquid surfaces[J]. Journal of Fluid Mechanics, 2013, 726.

Answer to Reviewer 5:

To the comments:
Major Concerns:
1. The authors have described the cell culture and hydrogel ink preparation is sufficient detail. However, the AFIVJ printing process is not described clearly. Authors need to elaborate point 4.4 and provide a detailed description of the printing set up and process. It is not clear how the voltage is applied / controlled and how a throughput of 1 million samples/second is achieved. More information on external driving forces, syringe pump etc need to be included in the protocol.

Answer:  Thank you for the kind suggestion.  We have revised the point 4.1-4.10 to describe the AFIVJ printing process more clearly.  The introduction of the printing system was first supplemented in point 4.1.  The voltage and the sampling rate are two parameters that need to be set on the waveform generator, reflecting the distance and period of single vibration respectively.  The adopt of external driving forces and syringe pump was then supplemented in point 4.3, 4.4, and 4.6.  The specific supplementary contents are on Line 189-219, Page 4 and as follows: 
4.1) Here we use a home-established cell printing system as previously reported 28.   The electrical signal output by waveform generator is first amplified and then drives piezoelectric ceramics to generate controllable deformation.  The nozzle fixed on the piezoelectric ceramic thus produces controllable vibrations.
4.2) Sterilize the printing system by wiping with 75% (v/v) alcohol and ultraviolet (UV) exposure overnight.
4.3) Suck 5 mL bioinks (3.1) with a disposable sterile syringe.  Install the syringe on the syringe pump.
4.4) Connect the syringe (4.3) and nozzle (2.5) with a silicone hose of 1.5 mm inner diameter.
4.5) Fix the nozzle (4.4) to the printed by adjusting the tightness of the clamping screw.  Keep the tip of the nozzle away from the substrate during installation to avoid damage and contamination.
CAUTION: If the nozzle is broken during installation, please wear thicker gloves and carefully clean up glass fragments and residues.
4.6) Rapid push the syringe pump and load the bioinks (4.3) to the nozzle (4.5).   Wipe off the excess material at the tip.
4.7) Set signal generator parameters.  Import self-designed waveform containing 500 000 sampling points.  Set the sampling rate and peak-to-peak voltage (Vpp) as 5 million samples/sec and 10 V, respectively.
4.8) Clean slides or Petri dishes with deionized water.  Place them under the nozzle as the printing substrate.
4.9) Preset the motion path and trigger mode of vibration as drop-on-demand.
4.10) Print the droplets following the pre-designed patterns.


2. Figure 3B is generated using what hydrogel ink? Inclusion of additional quantitative data on microcarrier dimensions with statistical analysis will strengthen the manuscript.
Answer:  Thank you for the kind remind.  Figure 3B described the effect of the tip diameter on the diameter of microcarriers.  The sizes of the microcarriers printed with nozzles of different diameters were statistically analyzed using ImageJ software. Ten microcarriers for each nozzle were selected and calculated.  Data are presented as mean ± s.d.

3. Fig. 4C needs to be in higher magnification. The cells are not clearly visible in the image.
Answer:  Thank you for the kind remind.  We have re-photographed and stained cells to get a better results.  

4. It is not clear how this printing method allows for flexible nozzle switching and better control of printing parameters? These are mentioned as advantages of AFIVJ process compared to other printing methods but not enough discussion is included to substantiate this claim.
Answer:  We understand your concern.  Flexible nozzle switching is made possible by our convenient installation method.  The nozzle is fixed on the printing device by clamping and a screw is used to adjust the tightness of the clamp.  According to different printing ink, the nozzle can be removed or assembled at will simply by loosening and tightening the screw.  
The vibration of the nozzle is driven by the piezoelectric ceramic.  We control the movement of the piezoelectric ceramic by means of an electrical signal, which in turn regulates parameters including amplitude, period and acceleration during the vibration. Depending on the requirements, customized waveforms can be used to drive the production of different droplets.  Better control of the printing process also facilitates the regulation of the appropriate driving force to avoid satellite microdrops and improve printing stability.


5. How does the applied voltage affect the sampling rate?
Answer:  We understand your concern.  These two parameters do not affect each other.  These two parameters are adjusted on the waveform generator.  The deformation of piezoelectric ceramic is proportional to the applied voltage, so the voltage will further affect the distance of the nozzle vibration. The sample rate describes the number of sample points per second read by the signal generator.  Our self-designed waveform contains a fixed number of sample points, so the sampling rate will determine the period of a single waveform.  These two parameters are independent of each other and together affect the acceleration of the nozzle.


