Dear Dr. Yuan,

Manuscript ID: nutrients-912545
Title: The effect of glyceraldehyde-derived advanced glycation end-products on β-tubulin-inhibited neurite outgrowth in SH-SY5Y human neuroblastoma cells

   We appreciate the comments and suggestions made by the reviewers. The reviewers’ feedback helped us to greatly improve the manuscript. We incorporated the changes suggested by the reviewers into our manuscript and figures. All revised and new text is shown blue. Our point-by-point responses to the reviewers are provided below.  
   


Reviewer #1
The question being asked is notable and warrants extensive research as it can provide insight into the pathological mechanisms in Alzheimer’s disease and other neurological disorders. However, it was unclear how the authors developed their hypothesis and why was b-tubulin the only target followed up on. The mass spec data is needed to validate the reasoning behind just assessing the effects of GA on tubulin. It is also not clear why the hypothesis refers to human AD patients when the model being used is by no means a specific model of AD. The data presented does not necessarily support the definitive conclusions the authors are claiming.
--- Thank you very much for your insightful suggestions. We agree with you. We do not claim that only β-tubulin is the definitive target protein for TAGE. We could qualitatively identify 7 proteins including β-tubulin as TAGE-targeted proteins. In our previous report, TAGE were mainly detected in the cytosol and axons in Alzheimer’s patient hippocampus (Acta. Neuropathol. 2004, 108, 189-193, Reference No.12). There are no reports on TAGE-targeted proteins identification in neurons. As we have an original antibody for TAGE, we explored the target proteins for TAGE by performing two-dimensional immunoblot analysis with the TAGE antibody and mass spectrometry. Furthermore, GA-treated SH-SY5Y cells showed that TAGE formation increased intracellular phosphorylation levels of tau protein which related to formation of axons with tubulin proteins (Sci. Rep. 2015, 5, 13313. Reference No.9). So, we focused on the β-tubulin as “one” of the TAGE-targeted proteins relative to pathological mechanism in AD. Now, we have another projects on the mechanisms of other TAGE-targeted proteins in neurodegeneration. Thus, we believe that TAGE is associated with the development of Alzheimer’s pathogenesis as one of the causes. According to your comments, we have changed our Introduction. And we added the mass spec data of β-tubulin as supplementary data, Figure. S1.
Major points:
1. The authors need to demonstrate that 12-hr treatment of cells with GA results in the formation and/or accumulation of TAGEs and demonstrate that these are different from the prototypical AGEs by probing western blots with both antibodies in parallel—without this, it is impossible to conclude that the effects are due to TAGEs and not AGEs or some other glycated protein.
--- We have already checked the time course of cell viability after GA treatment. According to your suggestion, we added the time-course data of cell viability and TAGE formation in Fig.1A and B. Reviewer points out the specificity of antibody of TAGE. As we referenced our previous paper in “Preparation of anti-TAGE antibody” (Diabetes Care 2012. 35(12): 2618-2625, Reference No.7 to materials and method section2.3.), it did not recognize other AGEs. As recently revealed, the epitope structure recognized by anti-TAGE antibody is different from the previously reported GA-derived AGE structures, i.e., 3-hydroxy-5-hydroxymethyl-pyridinium compound (GLAP) and triosidine structures. We found that the anti-TAGE antibody differed from antibodies for well-defined AGEs as well as those for AGEs derived from reducing sugar/carbonyl molecules with unknown structures [International patent application for TAGE antibody: PCT/JP2019/34195]. 
In brief, immunoreactivity of anti-TAGE antibodies with various structurally identified AGEs such as CML-BSA, carboxyethyllysine (CEL)-BSA, pyrraline-BSA, pentosidine-BSA, argpyrimidine-BSA, 3-deoxyglucosone imidazolone-BSA, glyoxal-lysine dimer (GOLD), methylglyoxal-lysine dimer (MOLD), and glyceraldehyde-derived pyridinium (GLAP) was examined by competitive ELISA. For instance, 50 μl of various AGE preparations was added to each TAGE-BSA-coated well as a competitor for 50 μl of antiTAGE antibodies followed by incubation for 2 hours at room temperature. Then, immunoreactivity of the antibodies with various AGE preparations was determined by competitive ELISA. Results are expressed as B/B0, calculated as follows: (experimental optical density – background optical density)/(total optical density – background optical density). 
[image: ]

2. The authors reference that 24hr exposure to TAGE is toxic to these cells. How do the authors know that the observed effects at 12hr are not just the reflection of dying cells? E.g. neurite length?
[image: ]--- According to your suggestion, we added the time-course data of TAGE formation and cell viability in Fig.1A and B. In 12 h treatments, the cell death of SH-SY5Y treated with RA and/or GA was evaluated using an MTT reduction assay as below. RA and/or GA had not any effect on cell viability relative to the vehicle control. If you need, we can add this data to Fig. 3. 


3. How was loading controlled for in figure 1? There appears to be differential loading. For all Westerns, a loading control from the same membrane is required. Also, please show the replicates not just representative bands.

--- We know it is better to use the same loading membrane between β-tubulin and β-actin detection. However, we used immunodetection method using BCIP/NBT substrate because the aggregation bands of β-tubulin were more clearly than the method of chemiluminescence. And the bands size is similar between β-tubulin and β-actin. Thus, we used the same lot samples with another loading membrane. We needed large quantities of protein to indicate aggregation of β-tubulin band, so non-specific bands were seen in arrow. 
[image: ]

4. Mass Spec data is not provided and thus it is unclear why the authors focused on tubulin. Please provide the Mass Spec data—why was tubulin the only target selected/identified? What happens to actin, other proteins etc?
--- According to your comment, we added the Mass Spec data of β-tubulin as supplemental data. In this comment, we already answered to this question in initial part of this letter (the first reply section).  

5. Negative controls for immunohistochemistry is required
--- The reviewer is worried about the non-specificity of antibodies of β-tubulin. As shown in Fig. 2, there is a main band in the correct molecular weight size (55 kDa) of β-tubulin in the membrane. Furthermore, the localization of β-tubulin immunoreactivity is in cytosol and/or axons. They appear to indicate the correct localization. At least, we can show a stained image of only the secondary antibody as below. There is no immunoreactivity by non-specific reaction in SH-SY5Y cells. 
[image: ]


6. Detailed description of the cell culture is necessary. Just stating that cells were differentiated with RA is not sufficient.
--- According to reviewer’s comment, we added the explanation of way to cell culture and RA and/or GA treatments in 2.1.and 2.8. of materials and methods.
Minor comments:
1. The authors state: “Over 100 cells were quantified and each data point corresponded to the average of five independent dishes”—please provide all relevant bar graphs as independent data points to allow the reader to better understand the variability in these data.
--- According to your comment, we have changed the quantification method of neurite outgrowth in materials and methods of 2.8. And we added the reference, [19].

2. Please indicate how representative images were selected? Which negative controls were used? Please provide negative control images and indicate exactly how the images were quantified.
[bookmark: _Hlk49978298]-- As shown in the method section, we simply took 100 random images and we quantified the longest neurites in an image using a ruler (scale of analysis software). And we set the control axon length to 100%. We added the reference[19] which we have reported previously in the method. 

Sincerely,

Yoshiki Koriyama, PhD (corresponding author)
Associate professor
Graduate School and Faculty of Pharmaceutical Sciences
Suzuka University of Medical Science
3500-3 Minamitamagaki, Suzuka 
Mie 513-8670
Japan
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