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• TUG-UBL1 and insulin amino acid sequences were obtained from the 

protein data bank: PDB 2AL3 for TUG-UBL1 and 2HIU for human 

insulin. The tertiary structures of the full-length TUG-UBL1 protein, the 

GLUT4 binding region of TUG-UBL1 of amino acid 83-377, and the 

insulin heterodimer was predicted using Phyre2.5

• Resulting models were refined using DeepRefiner followed by analysis by 

GalaxyWeb to provide ten models.6,7 Further analysis was run by 

Molprobity to determine the most likely folding as shown in figures 2, 3 

and 6, and raw and percentile score shown in table 1 and figure 7.8

• The models with least steric interactions of full-length TUG-UBL1, 

GLUT4 binding region of TUG-UBL1 and the insulin heterodimer were 

analyzed by HawkDock to analyze the predicted binding affinities of TUG-

UBL1 full length or GLUT 4 binding region to the insulin heterodimer as 

shown in figure 8.9

A plasmid containing the TUG-UBL1 GLUT4 binding domain has been 

obtained from Bogan et. al. and transformed into E. coli and overexpressed. 

This protein has been purified utilizing a Q-sephadex anion exchange column 

to elute the 32kDa protein. Future studies involve probing its binding to 

insulin via fluorescence spectroscopy. Binding of insulin and TUG in support 

of computational models would alter the understanding of glucose uptake in 

diabetic patients and may increase therapeutic options for diabetic treatments.
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Figure 3. Molprobity scores of GLUT4 region models from galaxy web.
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Figure 7. Molprobity and Clashscore percentile of 

insulin models from DeepRefiner
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Figure 8. Energy predictions from HawkDock of energy released in binding of TUG-UBL1 to insulin in full length and 

GLUT4 binding region of TUG. GLUT4 binding region model 6 shows the most exothermic binding at -46kcal/mol.
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Figure 2. Molprobity scores of full length TUG models from galaxyweb.

TUG-UBL1 models were refined by 

DeepRefiner followed by analysis 

by Molprobity for clash and 

Molprobity score to determine the 

most likely conformation with 

lowest steric strain based on all 

atom contact clashing, 

Ramachandran angles, and side 

chain rotamers (lower scores 

indicate more likely conformation)

Table 1. 
Models used 
for binding 
analysis

Model 2, 
full length 
TUG

Model 1, 
GLUT4 binding 
domain

GalaxyWeb
ClashScore
Percentile

2.05
99th

3.48
97th

Molprobity
Score 
Percentile 

1.19
99th

1.45
96th

HawkDock predicted binding of insulin to TUG-UBL1 in both full length and 

GLUT4 binding region, with favor to the GLUT4 binding region as seen in 

figure 8, where the current model of second messenger pathways for insulin 

signaling does not predict this as seen in figure 1. Physical validation is needed 

in binding to locate a binding domain as predicted in figures 9 and 10. 

Diabetes is one of the most prevalent diseases in the US with prediabetes and 

diabetes affecting over 50% of the population.1 The focus of this study is on 

type two diabetes as the disfunction of glucose uptake is due to insensitivity to 

insulin. TUG-UBL1 is a protein in the insulin signaling cascade that regulates 

the translocation of GLUT4 transport vesicles to the cellular membrane to 

facilitate glucose uptake into the cell.2 The uptake of glucose is predicted to be 

initiated by the binding of insulin to the insulin receptor subunit (IRS), as 

shown in figure 1 below, causes conformational change which initiates a 

pathway of second messenger phosphorylation to activate the GAP (Rab

GTPase Activating Protein) mediator protein. GAP releases PIST (syntaxin-6-

interacting protein) which initiates the cleavage of TUG and allows 

translocation of GLUT4 from a GLUT storage vesicle (GSV) to the membrane 

to allow for cellular uptake.3 If insulin is shown to bind to TUG, this 

mechanism must be altered to show the direct interaction of TUG to insulin. 

This research focuses on predicted binding between TUG and insulin to 

invalidate the proposed mechanism.
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Figure 1. IRS: insulin receptor 

subunit, P13K: phosphoinositide-3-

kinase, PIP2: Phosphatidylinositol-

4,5-bisphosphate, PIP3: 

phosphatidylinositol-3,4,5-

triphosphate, PDK1: 

phosphoinositidine dependent kinase 

1, AMPK: AMP protein kinase, GAP: 

Rab GTPase Activating Protein, PIST: 

syntaxin-6-interacting protein, 

USP25m: TUG cleavage protease, 

TUG: Tether containing UBX domain 

for GLUT4, IRAP: insulin responsive 

aminopeptidase, GSV: glucose 

storage vesicle.3,4

1) Petersen, M. C.; Shulman, G. I. Mechanisms of Insulin Action and Insulin Resistance. Physiological reviews 2018, 98 (4), 2133-2223. 

DOI: 10.1152/physrev.00063.2017 PubMed. 

2) Bogan, J. S.; et. al. Endoproteolytic Cleavage of TUG Protein Regulates GLUT4 Glucose Transporter Translocation. J. Biol. Chem. 

2012, 287 (28), 23932-23947. 

3) Habtemichael, E. N.; et. al., Usp25m protease regulates ubiquitin-like processing of TUG proteins to control GLUT4 glucose 

transporter translocation in adipocytes. Journal of Biological Chemistry 2018, 293 (27), 10466-10486

4) Xu, Y. K.; et. al. Dual-mode of insulin action controls GLUT4 vesicle exocytosis. Journal of Cell Biology 2011, 193 (4), 643-653. 

5) Kelley LA et al. Nature Protocols 10, 845-858 (2015)

6) Shuvo, M. H.; Gulfam, M.; Bhattacharya, D.;  DeepRefiner: high-accuracy protein structure refinement by deep network calibration, 

Nucleic Acids Research, Volume 49, Issue W1, 2 July 2021, Pages W147–W152,

7) Galaxy Web. A web server for protein structure prediction, refinement, and related methods. Galux Inc. & Computational Biology Lab, 

Department of Chemistry, Seoul National University. https://galaxy.seoklab.org/index.html

8) Williams et al. (2018) MolProbity: More and better reference data for improved all-atom structure validation. Protein Science 27: 293-

315.

9) Weng G.; et. al., HawkDock: a web server to predict and analyze the protein–protein complex based on computational docking and 

MM/GBSA, Nucleic Acids Research, Volume 47, Issue W1, 02 July 2019, Pages W322–W330.

I would like to thank the Bogan Lab for the TUG-UBL1 plasmid, the College of Saint 

Benedict Chemistry Department for providing me this great opportunity, and the 

Undergraduate Research Fund for supplying research materials and funding.

Figure 4. Full Length TUG-UBL1 generated by 

PyMOL

Figure 5. TUG-UBL1 GLUT4 Binding domain 

generated by PyMOL

Figure 6. Insulin Heterodimer for Binding Analysis 

generated by PyMOL

Figure 10. TUG-UBL1 GLUT4 bound to insulin by 

HawkDock

Figure 9. TUG-UBL1 Full-length bound to insulin 

by HawkDock
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