List of changes:

Editorial comments:
1) All of your previous revisions have been incorporated in to the most recent version of the manuscript. Please download this version of the Microsoft word document from the "file inventory" to use for any subsequent changes.

2) Please upload tables 1 and 2 to the Editorial Manager site as Excel files and remove the Word document versions of these tables.

3) Please minimize the use of the pronoun "we" in your manuscript text.
The text has been edited throughout to limit the use of “we”. 

Reviewers' comments:

Reviewer #1: 
Manuscript Summary: 
In this manuscript the authors describe a method to produce protein-based hydrogels that can be used to immobilize enzymes for biocatalysis. The hydrogels are made by physically mixing two separate components. Upon mixing the split intein that is a terminal functional group of both components undergoes a splicing reaction to initiate gellation. The resulting gels are stable in solution and can support the immobilization and entrapment of enzymes.

Major Concerns:
There are no major concerns.

Minor Concerns:
Please address the following minor concerns.

Introduction: The sentence beginning "Since many physical hydrogel..." is worded poorly and is confusing. Please edit/modify.
We modified the sentence as follows:
Page 3, Line 63-66
“Since subunit exchange between different crosslinkers is a major contributor of the physical hydrogel surface erosion7, the very strong inter subunit interaction in CutA should discourage such subunit exchanges, leading to a more stable hydrogel.”


3.1.7.2: 3 repeats at 1 mL diluted in 14 mL will not reduce 8M urea to 
This step is modified as follows:

“Add 14 mL DPBS buffer to the column to dilute the protein sample. Repeat the centrifugation/dilution steps three more times.” 

4.2: There appears to be a typo
This step is modified as follows:

“4.2
To make a 100 µL hydrogel (1.6 mM), mix C (x µL, volume calculated according to 4.1) with 5% NaN3 (10 µL), 100 mM DTT (5 µL) and N (y µL, volume calculated according to 4.1) inside a 2 mL glass vial.”

4.6: How big of a gel sample is used?
0.5 µL.

This information is included in the text:

“4.6
Estimate the intein trans-splicing yield by checking samples (0.5 µL each) collected before step 4.2 and after step 4.5 on a SDS-PAGE gel, as described in 3.4 (Figure 1C).”


6.2: HRP-functionalized is misleading as the HRP is only entrapped in the hydrogel network

We changed “HRP-functionalized hydrogel (1.6 mM)” to “hydrogel (1.6 mM) entrapping HPR…”

The modified sentence is shown below:
“6.2
To make a 30 µL hydrogel (1.6 mM) entrapping HRP , combine C (x µL, calculated according to 4.1) with HRP (2 µL), 5% NaN3 (3 µL) and DTT (1.5 µL of 100 mM) inside a 1.7 mL centrifuge tube.”
Page 3, line 81:

Hydrogel entrapping the latter protein is used to perform biocatalysis in an organic solvent.

Caption for Figure 5:

Figure 5. Horseradish peroxidase (HRP)-entrapped intein-triggered protein hydrogel facilitates HRP-catalyzed reaction in organic solvent n-heptane

7. Representative Results: 

The adjective "extremely" used to describe the stability of the hydrogels is unjustified- the data demonstrate up to 30% fraction removed.

The vast majority of the 30% fraction removed corresponds to the spliced out intein (Figure 3A). Only trace amount of crosslinked hydrogel building block is present in the supernatant. In addition, small air bubbles that were trapped at the hydrogel surface remained after 3 months in solution, indicating that this hydrogel exhibits little to no surface erosion. Nevertheless, “extremely” sounds a little overstating and we removed this word. The modified sentence is shown below:
Page 10 , Line 342
“This intein-mediated protein hydrogel (1.6 mM J) exhibits high solution stability.”
In the following sentence- "into only" ?
It should be “into the DPBS buffer only slightly…”
page 10, lane 344
The modified full sentence is shown below:
“There is little-to-no loss of crosslinked hydrogel scaffold after 21 days at 22 °C in DPBS buffer, as the total amount of protein released into the DPBS  buffer only slightly exceeds the theoretical amount of the spliced intein from the hydrogel (assuming 100% intein trans-splicing efficiency) (Figure 3A).”

Figure 1. Caption: "+" should read "*"
The caption was corrected as suggested:

“(C) SDS-PAGE analysis of purified N and C building blocks before and after mixing. “N+C” corresponds to a sample taken directly from a 1.6 mM hydrogel. “*” denotes an intein C-terminal cleavage side reaction product. Reprinted with permission from Journal of American Chemical Society (DOI 10.1021/ja401075s)”
Discussion: There is an extra "we" in the first line of the second last paragraph.
This typo was corrected as follows:
We also demonstrated the use of the intein-mediated protein hydrogel as an organic-solvent-compatible biocatalyst.
Additional Comments to Authors:
N/A


Reviewer #2: 
Manuscript Summary: 
This study focuses on the synthesis of split-intein-medicated protein hydrogels and demonstrates the application of this new method with the enzyme horseradish peroxidase. This paper is extremely well written and concise. The paper does a nice job explaining how the method works and demonstrating its usefulness. The experimental technique employed by the authors is solid. Only a few minor revisions are suggested.

Major Concerns:
None.

Minor Concerns:
Page 2, Line38, add a comma after 50°C in the long abstract
Correction was made as suggested.


Page 3, Line 59, change "extraordinarily quick " to "fast"
Correction was made as suggested:

page 3, line 60:

Npu intein was chosen because of its fast reaction kinetics (t1/2 = 63 s) and high trans-splicing yield (close to 80%).
Page 3, Line 60, change "very high trans-splicing" to "high trans-splicing"
correction was made as suggested:

page 3, line 60:

Npu intein was chosen because of its fast reaction kinetics (t1/2 = 63 s) and high trans-splicing yield (close to 80%).
Page 3, Line 63, define GuHCl
“Guanidine hydrochloride” was inserted in the paragraph.
Page 3, Line 63, change "many" to "most"
This sentence was modified as follows:
Page 3, Line 63 - 66:

“Since subunit exchange between different crosslinkers is a major contributor of the physical hydrogel surface erosion7, the very strong inter subunit interaction in CutA should discourage such subunit exchanges, leading to a more stable hydrogel.”

Page 3, Line 80, change "solvent" to "solvents"
Correction was made as suggested.
The modified sentence is shown below:

Page 3, line 78 -80: 

“Stability is retained in a wide range of pHs (6-10) and temperatures (4-50 °C), and the hydrogel is also compatible with organic solvents.”


Page 4, Line 87, change "per manufacture's specifications" to "per the manufacturer's specifications"
Correction was made as suggested.
Page 4, Line 87:
“: All genes were amplified under standard PCR reactions using Phusion High-Fidelity DNA Polymerase per the manufacture’s specifications”
Page 4, Line 102, change "pet30-CutA-Tip1" to "pET30-CutA-Tip1"
Correction was made as suggested in the following sentences:
1.2.1
PCR amplify NpuC, CutA and S fragment [AG3(PEG)]10 from plasmid KanR-IntRBS-NpuNC-CFN, pET30-CutA-Tip1 and pQE9 AC10Atrp, respectively, using the appropriate primers.
1.2.1
PCR amplify NpuC, CutA and S fragment [AG3(PEG)]10 from plasmid KanR-IntRBS-NpuNC-CFN11, pET30-CutA-Tip110 and pQE9 AC10Atrp12, respectively, using the appropriate primers.

Page 5, Line 134, add a space between 5mL
Correction was made as suggested.
Page 5, Line 134:

2.4
After incubation, pick a plate that contains 50-100 colonies and resuspend all colonies in 5 mL of LB broth.
Page 5, Line 137 add a space between 600nm (check spacing in the rest of the paper for other units)
Corrections were made as suggested:
Page 5, Line 137:

Transfer suspension to 1L LB broth containing kanamycin (50 µg/ml) and grow cells at 37 °C with shaking at 250 rpm. Monitor the absorbance at 600 nm (OD600).

Page 5, Line 141, change "to achieve a final concentration of 1 mM" to "(1 mM final concentration)"
Correction was made as suggested.
Page5, Line 141:

2.5.1
For C and C-SH3lig, induce protein expression by adding isopropyl β-D-1-thiogalactopyranoside (IPTG) to the culture to 1 mM final concentration and incubate the culture at 37 ˚C for 4 hours while shaking at 250 rpm.

Page 5, Line 145, change "to achieve a final concentration of 1 mM" to "(1 mM final concentration)"
Correction was made as suggested.
Page 5, Line 144-146:


2.5.2
For N and SH3-GFP, cool the culture to ~18 °C by immersing the culture flask in an ice water bath for ~5 minutes. Induce protein expression by adding IPTG to the culture to 1mM final concentration and incubate the culture at 18 °C for 14-18 hours while shaking at 250 rpm.  


Page 6, Line 210, be more specific about the phosphate buffer, NaPOi?
NaPOi stands for sodium phosphate. 
The sentence was modified:
Page 8, line 208-209
“3.2.5.2 Load the target protein onto a 5-mL anion exchanger beaded agarose matrix column previously equilibrated with sodium phosphate buffer (50 mM, pH 7.0).”

Page 8, Line 277, sentence starts with "o...", think this should be "To...."
We corrected this mistake. The modified sentence is shown below:
“4.2
To make a 100 µL hydrogel (1.6 mM), mix C (x µL, volume calculated according to 4.1) with 5% NaN3 (10 µL), 100 mM DTT (5 µL) and N (y µL, volume calculated according to 4.1) inside a 2 mL glass vial.”

Page 10, Line 375, change to "protein; however, in theory any DP-tagged protein could be conveniently..."
This sentence was modified as suggested:

Page 10, Line 373-374:

“In this experiment, GFP was used as the target protein; however, any DP-tagged protein can be conveniently immobilized into this hydrogel.”


Page 11, Line 395, change to "in DPBS is likely due..."
This sentence was modified as suggested:

Page 11, Line 392:

“The low conversion rate of enzymes dissolved in DPBS is likely due to the small interfacial area between the DPBS and the organic solvent, which limits the rate of substrate/product diffusion.”

Page 13, Line 423, change "pet26b" to "pET26b"
Correction was made as suggested.
Page 2, line 92

1.1.1
PCR amplify CutA and NpuN genes from plasmids pET30-CutA-Tip110 and KanR-IntRBS-NpuNC-CFN11, respectively, using the appropriate primers.
Page 2, line 102

1.2.1
PCR amplify NpuC, CutA and S fragment [AG3(PEG)]10 from plasmid KanR-IntRBS-NpuNC-CFN11, pET30-CutA-Tip110 and pQE9 AC10Atrp12, respectively, using the appropriate primers.

Page 12, Line 415:

Figure 2. Plasmid maps of protein constructs. (A) CutA-NpuN, (B) NpuC-S-CutA and (C) SH3-GFP (Table 1) were cloned into pET26b vector under the control of the T7 promoter.
Page 16, line 505
Page 17, Reference, some of the references are abbreviated and some are not, please follow JOVE reference standards
References were fixed to meet JOVE standards. 


Figure 3A, 3C, and 3D, should be rescaled, most of the data is at the bottom of the plots
We modified Figure 3A,C and D to include inlet graphs depicting the erosion profiles of the first 5 hours.
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Figure 3.


Figure 4B, 4C, align the labels
Figure 4D, change the figure to match Figure 5B for consistency (time labels on the side)
We modified figure 4 as requested.
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Figure 4.


Additional Comments to Authors:
N/A


Reviewer #3: 
Manuscript Summary: 
This manuscript entitled "Synthesis of an intein-mediated artificial protein hydrogel" reports the synthesis of a split-intein-mediated protein hydrogel and gives its application for the immobilization. The manuscript is well organized and is fairly well written except for minor corrections as stated below:

Major Concerns:
N/A

Minor Concerns:
1. Page 3, line 81 (and throughout the manuscript). The abbreviation should be spelled out when it is mentioned for the first time.
GFP was spelled out as suggested.
Page 3, line 80-81 is the first mention of GFP where it’s spelled out: 

“This hydrogel is used for the immobilization of two globular proteins: the green fluorescent protein (GFP) and the horseradish peroxidase”

Subsequent mentions of GFP are in the abbreviated form. 

2. Page 8 and 9. There are spelling mistakes such as pipet for pipette. It needs proofreading throughout the manuscript.
We corrected these mistakes
Page 8, line 283

4.3
Add DPBS buffer ((85 – x –y) µL) to the vial to achieve a final volume of 100 µL, and manually mix all the components via a swirling motion using a pipette tip. Note: The solution becomes very viscous upon mixing.

Page 9, line 326

“Manually disrupt the gel using a pipette tip to increase the contact surface area of the hydrogel and the solvent.”


3. Page 17. Scientific names of organisms should be italicized. For example, Nostoc punctiforme, Pyrococcus horikoshii, Thermus thermophilus, and Oryza sativa.
We modified the font of the scientific names of the organisms to italic.

Page 3, line 56

“The DnaE intein from Nostoc punctiforme (Npu) was used as the split intein
 ADDIN EN.CITE 

2,3
 and a small trimeric protein (12 kDa) CutA from Pyrococcus horikoshii was used as the crosslinker protein
 ADDIN EN.CITE 

4,5
.”
Page 10, line 336

“NpuN/C are the N-/C-fragments of the naturally split DnaE intein from Nostoc punctiforme (Npu). CutA is a stable trimeric protein from Pyrococcus horikoshii
 ADDIN EN.CITE 

4,5
.”

Page 16, line 519 

Iwai, H., Zuger, S., Jin, J. & Tam, P. H. Highly efficient protein trans-splicing by a naturally split DnaE intein from Nostoc punctiforme. FEBS letters 580, 1853-1858,

Page 16, line 521

Zettler, J., Schutz, V. & Mootz, H. D. The naturally split Npu DnaE intein exhibits an extraordinarily high rate in the protein trans-splicing reaction. FEBS letters 583, 909-914, doi:10.1016/j.febslet.2009.02.003 (2009).

Page 16, line 525

Tanaka, Y. et al. Structural implications for heavy metal-induced reversible assembly and aggregation of a protein: the case of Pyrococcus horikoshii CutA. FEBS letters 556, 167-174, doi:S0014579303014029 [pii] (2004).

Page 16, line 527

Sawano, M. et al. Thermodynamic basis for the stabilities of three CutA1s from Pyrococcus horikoshii,Thermus thermophilus, and Oryza sativa, with unusually high denaturation temperatures. Biochemistry 47, 721-730, doi:10.1021/bi701761m (2008).



4. Table 2. The author have mentioned buffers DMEM, buffer E and EB1-3. But these buffers were not mentioned in any of the methods given in the manuscript. The author should provide the details of these buffers. 
We modified Table 2 to include only buffers used in the main text. 

	Table 2. Buffer compositions
	

	Buffer A
	500 mM NaCl, 10 mM Tris-HCl, pH 8.0

	Buffer DA
	500 mM NaCl, 8 M Urea, 10 mM Tris-HCl, pH 8.0 

	Buffer B
	500 mM NaCl, 50 mM NaPOi, pH 6.0

	50 mM Phosphate Buffer pH 7.0
	 30.5 mM Na2HPO4, 19.5 mM NaH2PO4, pH 7.0

	
	

	

	
	


5. Page 8, section 4.1. The symbol in the formula should be consistent. 
The formulas were modified to have consistent symbols
Page 8, line 273-276
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6. Page 8, line 277. "o" should be removed.
The “o” should be “To”. We corrected this sentence as follows:


4.2
To make a 100 µL hydrogel (1.6 mM), mix C (x µL, volume calculated according to 4.1) with 5% NaN3 (10 µL), 100 mM DTT (5 µL) and N (y µL, volume calculated according to 4.1) inside a 2 mL glass vial.

7. Page 10, line 348. The authors mentioned that ~80% trans-splicing reactions efficiency for the figure 1C. Based on the size of N, C, and N+C, the authors can explain this figure in detail. 
The trans-splicing efficiency was calculated from each band’s intensity quantified by “Quantity One” software using the “trace” module. Band intensity was divided by the band molecular weight to obtain the molar equivalent. We included an additional sentence in the figure caption to clarify the method used:
Page 12, line 411

“Intensity of each band was quantified using the ‘trace module in the “Quantity One” software. Band intensity was divided by the protein molecular weight to obtain the molar equivalent. Trans-splicing efficiency (~80%) was calculated from the amount of the product J and the unreacted N/C in the same lane. ”   

8. Page 3, line 80. The authors can provide the appropriate references here.
Since GFP and HRP are very commonly used, we don’t feel that a reference is needed in this part of the text.


Additional Comments to Authors:
N/A
