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Arg185, Arg191, and Glu343. In the SphK1 ATP-bound system cluster structures, ATP 

interacted with the charged residues Arg56, Arg57, Asp81, Asp178, Arg185, Arg191, and 

Glu343 (Figure 3, Table S9). In the energy minimized SphK2 ATP-bound system, ATP 

interacted with the charged residues Glu216, Arg315, Arg321, and Glu588. In the SphK2 

ATP-bound system cluster structures, ATP interacted with the charged residues Arg157, 

Asp211, Arg315, Arg321, and Glu588 (Figure 3, Table S9). In ATP only systems, this 

shows the importance of having negatively-charges region, consisting of arginine rich 

domain, for ATP binding in both SphK1 and SphK2 structures. With typical kinases 

consisting of interactions with catalytic aspartates,1, 17 it is possible that the interactions 

with glutamates could be replacing or supplementing aspartate interactions to support 

catalytic activity. In the energy minimized SphK1 ATP+sphingosine bound system, ATP 

interacted with the charged residues Arg24, Glu86, Arg185, Arg191, and Glu313. In the 

SphK1 ATP+sphingosine bound system cluster structures, ATP interacted with the charged 

residues Arg24, Arg57, Glu86, Arg185, Arg191, and Glu343 (Figure 3, Table S9). In the 

energy minimized SphK2 ATP+sphingosine bound system starting structures, ATP 

interacted with the charged residues Glu216, Arg315, Arg321, and Glu588. In the SphK2 

ATP+sphingosine bound system cluster structures, ATP interacted with the charged 

residues Arg157, Arg315, Arg321, and Glu588 (Figure 3, Table S9). Both SphK isoform 

interactions with ATP are the overall same between the ATP bound system and the 

ATP+sphingosine bound system, except for a loss of the interaction with the essential 

catalytic aspartate, Asp81 in SphK1 and Asp211 in SphK2, in the ATP+sphingosine bound 

systems. This suggests that Asp81 in SphK1 and Asp211 in SphK2 is important for 

recruiting ATP into the active site but may play a different role in the phosphotransfer 



 
 

113 
 

reaction. SphK1 Glu343 and SphK2 Glu588 show promising importance in ATP binding. 

Investigating the binding cavity and comparing the apo, ATP bound, and ATP+sphingosine 

bound systems, SphK1 Glu343 and SphK2 Glu588 move towards the γ-phosphate of ATP, 

most distinctly in SphK2 systems, signifying potential importance in γ-phosphate cleavage 

(Figure 3). From these interactions, its potential that rather than catalytic and ion-orienting 

aspartates, SphK isoforms may utilize glutamate residues for catalytic activity as well and 

a heavy presence of arginine residues for ATP binding.  

Interestingly, Arg185 in SphK1 and Arg315 in SphK2 are located on the α7-α8 

helix loop. Evaluating the movement of the Arg185 in SphK1 and Arg315 in SphK2 by 

comparing the apo, ATP bound, and sphingosine bound systems, Arg185/Arg315 moves 

considerably towards ATP in the ATP bound system and the ATP+sphingosine bound 

system (Figure 3). It is possible that the ATP-Arg interactions anchors the α7-α8 helix 

loop, reducing the overall fluctuation of that domain (Figure S4). This interaction also may 

be influencing the total SASA in the structures (Table 2). The decrease of SASA in the 

ATP+sphingosine bound systems in both isoforms supports the native substrate binding 

influence the α7-α8 helix loop to be anchored in place by the ATP-Arg interactions, 

reducing structural fluctuation. This information could provide useful insight into protein 

breakdown through proteasomal degradation via ubiquitination of Lys183 in SphK1, 

displaying that low cellular levels of ATP could lead to more loop variability, prompting 

pathways for degradation.  

Key residues for sphingosine binding, identified in Worrell, et al. 152 for SphK1 are 

Asp81, Ser168, Ile174, Asp178, Phe288, Phe303, His311, and Tyr321 and for SphK2 are 

Asp211, Ser298, Val304, Asp308, Cys533, Phe548, His556, and Tyr566.152 After energy 
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minimization through MD setup, SphK1 ATP+sphingosine system had interactions with 

the key residues Ser168, Ile174, Asp178, and Phe303 (Figure 4, Table S10). SphK2 

ATP+sphingosine system interacted with key residues Ser298, Val304, Asp308, and 

His556. In the SphK1 ATP+sphingosine bound system dominant morphologies, 

sphingosine interacted with the key residues Ile174, Asp178, Phe288, and Phe303 in two 

or more reps. Additionally, sphingosine interacted with Phe192 and Met306 in SphK1. In 

the SphK2 ATP+sphingosine bound system dominant morphologies, sphingosine 

interacted with the key residues Phe303, Asp308, Cys533, and Phe548 (Figure 4, Table 

S10). Sphingosine also interacted with Phe322 and Met551 in SphK2. Comparing the 

SphK isoforms interactions with sphingosine, both interact with similar residues: one 

negatively charged residue (Asp178 in SphK1 and Asp308 in SphK2), three aromatic 

residues (Phe192, Phe288, and Phe303 in SphK1 and Phe303, Phe322, and Phe548 in 

SphK2), and a methionine (Met306 in SphK1 and Met551 in SphK2). Outside of identified 

key residues, new residues were identified through the protein-substrate interaction 

analysis by identifying residues that had interactions in three or more replicates. In SphK1, 

Phe192, Leu268, and Met306 have interactions with sphingosine. In SphK2, Phe322, 

Leu513, and Met551 have interactions with sphingosine. These residues are shared in both 

the SphK isoforms, indicating them as new potential key residues in sphingosine binding. 

While these residues do not indicate exploitable features, the exceeding similarities 

between SphK1, a crystallized protein structure, and SphK2, a computationally solved 

structure, it provides insight that the SphK2 homology model it is to be expected similar to 

the biological structure and a useful model in future drug discovery applications.  
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Previous work has identified the Ile174 in SphK1 and Val304 in SphK2 as being 

essential in dictation isoform specificity for drugs.152 While the majority of the interactions 

are similar between the SphK isoforms, the importance of SphK1 Ile174 and SphK2 

Val304 are evident in this work. In SphK1 ATP+sphingosine systems, Ile174 interacts with 

sphingosine in two of the four replicates (Figure 4). In SphK2 ATP+sphingosine systems, 

Val304 did not interact with any of the replicates. This displays a larger importance in 

Ile174 in the SphK1 hydrophobic channel than Val304 in SphK2. Further evaluation of the 

influence on Ile174 on SphK1 and Val304 on SphK2 sphingosine binding should be 

explored.  

3.5 Conclusion 
 

MD simulations were used to provide insight into binding pocket flexibility and 

establishing how residue interactions change in different biological systems. Taken 

together, this work seeks to develop a better understanding of the binding mechanics for 

biological substrates of SphKs, ATP and sphingosine, to help aid in development of more 

efficacious isoform-specific inhibitors and their rationale for design. Here, we show that 

SphK isoforms do not have the typical kinase ATP binding motifs, but instead contain an 

arginine-rich, ATP binding region with three potential leads for catalytic activity in the 

active site, such as Asp81, Asp178, and Glu343 in SphK1 and Asp211, Asp308, and 

Glu588 in SphK2. From our MD simulations, we discovered the α7-α8 helix loop 

fluctuation is influenced by the ATP presence, between the apo (no sphingosine or ATP 

bound), ATP-bound, and ATP-sphingosine complex systems supporting that ATP binding 

changes the positioning of Arg185 in SphK1 and Arg315 in SphK2, anchoring the α7-α8 

helix loop to stabilize substrate binding. In sphingosine binding, the most important 
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components for binding include Asp178, Phe192, Phe288, Phe303, and Met306 in SphK1 

and Asp308, Phe303, Phe322, Phe548, and Met551 in SphK2. Binding similarities in the 

SphK1 crystal structure and the SphK2 homology model supports the SphK2 structure as 

a valid predictor of future drug discovery practices. Additionally, further emphasis on key 

residues identified for exploitation between SphK isoforms are Ile174 in SphK1 and 

Val304 in SphK2. Future experiments should explore the influences Ile174 and Val304 

have on known inhibitors. This work provides the biological foundation for understanding 

ATP and sphingosine binding characteristics and their influence on the structure of SphK1 

and SphK2, which in turn can be used for future drug discovery research.  
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3.7 Main Figures and Tables 
 
 

 
Figure 1. Structural features of SphK isoforms in the energy minimized starting structures. 
A. SphK1 and B. SphK2. Both structures represented in cartoon with ATP shown in stick. 
Blue star represents the ATP binding domain and the yellow start represents the 
sphingosine binding domain. 
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Figure 2. SphK1 and SphK2 dominant morphologies over the last 250 ns of each simulation 
as based on backbone RMSD clustering. RMSD between replicates of each system was 
performed and the replicate with the lowest RMSD was chosen as the representative 
morphology of the simulation system. For the replicate chosen as representative of the 
system, the center structure of the largest cluster, representing the largest number of frames 
sampled, is shown. Percent size of the cluster is shown in the bottom right of each replicate. 
Sphk1 and SphK2 are shown as cartoon, color maroon and teal respectively, with ATP and 
sphingosine shown as sticks and colored by element. Mg2+ is shown as a green sphere. 
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Table 1. Average Percent Secondary Structure throughout SphK system simulations.  
Structure α Helix β Sheet Coil 

SphK1 apo 28 ± 1 29 ± 1 43 ± 1 
SphK1 ATP 29 ± 1 29 ± 0 42 ± 1 
SphK1 ATP + sphingosine 29 ± 1 29 ± 1 42 ± 1 
SphK2 apo 24 ± 1 20 ± 2 56 ± 3 
SphK2 ATP 25 ± 1 21 ± 1 54 ± 1 
SphK2 ATP + sphingosine 25 ± 1 21 ± 1 55 ± 1 

Percent secondary structure for SphK systems averaged over the final 250 ns of four replicates for a 
cumulative sampling time of 1000 ns with corresponding standard deviations. 
 
 
Table 2. Solvent Accessible Surface Area (SASA) of SphK structures from system 
simulations. 

System Hydrophobic 
(nm2) 

Hydrophilic 
(nm2) 

Total SASA 
(nm2) 

SphK1 apo 87 ± 2 85 ± 2 172 ± 3 
SphK1 ATP 83 ± 2 83 ± 2 165 ± 3 
SphK1 ATP + Sphingosine 88 ± 2 85 ± 2 173 ± 3 
SphK2 apo 131 ± 4 108 ± 3 238 ± 6 
SphK2 ATP 131 ± 3 105 ± 3 236 ± 5 
SphK2 ATP + Sphingosine 134 ± 4 106 ± 2 240 ± 5 

Average over final 250 ns of four replicate trajectories for a cumulative sampling time of 1000 ns, with 
corresponding standard deviations. 
 
 
Table 3. Total number of hydrogen bonds between SphK isoforms and ligands from the 
SphK system MD simulations 

Ligand System Number of Hydrogen Bonds 

ATP 

SphK1 ATP 6 ± 1 
SphK1 ATP + Sphingosine 6 ± 1 
SphK2 ATP 6 ± 1 
SphK2 ATP + Sphingosine 8 ± 2 

Sphingosine 
SphK1 ATP + Sphingosine 1 ± 0 
SphK2 ATP + Sphingosine 1 ± 0 
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Figure 3. ATP binding domain overlaid structures of most representative structures of 
SphK isoform apo, ATP bound, and ATP+sphingosine bound systems showing residue 
positionings. A. SphK1 with interacting residues shown in stick. Apo colored in darkest 
red, ATP bound system colored in medium red, and the ATP+sphingosine system colored 
in the lightest shade of red. ATP colored purple and by atom type with magnesium 
displayed as sphere colored in green scaled down to 0.6 nm. Sphingosine shown in stick 
colored in green. B. SphK2 with key residues shown in stick. Apo colored in darkest teal, 
ATP bound system colored in medium teal, and the ATP+sphingosine system colored in 
the lightest shade of teal. ATP colored purple and by atom type. Sphingosine shown in 
stick colored in yellow with magnesium displayed as sphere colored in green scaled down 
to 0.6 nm. C. SphK1 systems colored and presented as in A, without ATP. D. SphK2 
systems colored and presented as in B, without ATP. 
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Figure 4. Overlays of sphingosine binding of dominant morphologies of SphK isoform apo, 
ATP bound, and ATP+sphingosine bound systems showing key residue positionings. A. 
SphK1 with key residues shown in stick. Apo colored in darkest red, ATP bound system 
colored in medium red, and the ATP+sphingosine system colored in the lightest shade of 
red. Sphingosine shown in stick colored in green. ATP colored by atom type with 
magnesium displayed as sphere colored in green scaled down to 0.6 nm. B. SphK2 with 
key residues shown in stick. Apo colored in darkest teal, ATP bound system colored in 
medium teal, and the ATP+sphingosine system colored in the lightest shade of teal. 
Sphingosine shown in stick colored in yellow. ATP colored by atom type. C. SphK1 
systems colored and presented as in A, without sphingosine. D. SphK2 systems colored 
and presented as in B, without sphingosine. 
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3.8 Supplemental Information 

 
Figure S1. Root mean-square deviation (RMSD) of protein backbone atoms for each 
system and SphK isoform. RMSD is shown for each replicate over the 1 µs simulation.  
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Figure S2. SphK1 dominant morphologies over the last 250 ns of each simulation as based 
on backbone RMSD clustering. The center structure of the largest cluster, representing the 
largest number of frames sampled, is shown for each replicate and each isoform of SphK1. 
Percent size of the cluster is shown in the bottom right of each replicate. SphK1, is shown 
as cartoon and is colored by replicate number (1-4). ATP and sphingosine are shown as 
sticks and colored by element. Mg2+ is shown as a green sphere.  
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Figure S3. SphK2 dominant morphologies over the last 250 ns of each simulation as based 
on backbone RMSD clustering. The center structure of the largest cluster, representing the 
largest number of frames sampled, is shown for each replicate and each isoform of SphK2. 
Percent size of the cluster is shown in the bottom right of each replicate. SphK2, is shown 
as cartoon and is colored by replicate number (1-4). ATP and sphingosine are shown as 
sticks and colored by element. Mg2+ is shown as a green sphere. 
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Table S1. Percent size of dominant morphologies for the largest cluster of SphK as based 
on backbone RMSD clustering with a cut-off of 0.2 nm.  

System 
Percent Dominant Morphology 

Rep1 Rep2 Rep3 Rep4 
SphK1 Apo 89.0 100 91.0 95.5 
SphK1 ATP 99.9 100 98.7 99.9 
SphK1 ATP + Sphingosine 96.5 79.1 62.2 100 
SphK2 Apo 28.3 3.7 25.0 13.6 
SphK2 ATP 35.8 5.5 15.3 35.8 
SphK2 ATP + Sphingosine 41.8 8.9 19.6 11.3 

 
 
Table S2. RMSD of dominant morphologies per replicate of each system as compared 
across replicates. The replicate with the lowest RMSD compared to the replicates in that 
system was chosen as the representative structure for that system.  

System 
Average Dominant Morphology RMSD 

Rep1 Rep2 Rep3 Rep4 
SphK1 Apo 2.14 ± 0.30 2.29 ± 0.29 2.19 ± 0.19 2.52 ± 0.12 
SphK1 ATP 1.38 ± 0.14 1.34 ± 0.12 1.51 ± 0.13 1.54 ± 0.10 
SphK1 ATP + Sphingosine 1.61 ± 0.03 1.68 ± 0.07 1.71 ± 0.09 1.69 ± 0.05 
SphK2 Apo 3.02 ± 0.52 3.52 ± 0.23 3.73 ± 0.34 3.22 ± 0.74 
SphK2 ATP 3.48 ± 1.15 3.17 ± 0.66 3.18 ± 1.13 4.62 ± 0.44 
SphK2 ATP + Sphingosine 2.75 ± 0.08 2.44 ± 0.31 2.48 ± 0.18 2.40 ± 0.22 

 
 
Table S3. RMSD of ATP per replicate of each system as compared across replicates. The 
replicate with the lowest RMSD compared to the replicates in that system was chosen as 
the representative structure for that system. 

System Average Dominant Morphology RMSD 
Rep1 Rep2 Rep3 Rep4 

SphK1 ATP 4.46 ± 0.82 5.76 ± 1.17 6.60 ± 0.86 5.84 ± 1.49 
SphK1 ATP + Sphingosine 3.75 ± 1.43 3.91 ± 1.54 5.90 ± 1.53 5.98 ± 1.47 
SphK2 ATP 8.96 ± 2.46 12.50 ± 2.23 13.62 ± 1.81 10.51 ± 3.64 
SphK2 ATP + Sphingosine 6.16 ± 0.52 4.90 ± 1.40 5.24 ± 1.65 3.18 ± 0.95 

 
 
Table S4. RMSD of sphingosines per replicate of each system as compared across 
replicates. The replicate with the lowest RMSD compared to the replicates in that system 
was chosen as the representative structure for that system. 

System Average Dominant Morphology RMSD 
Rep1 Rep2 Rep3 Rep4 

SphK1 ATP + Sphingosine 7.85 ± 0.55 5.68 ± 1.82 5.96 ± 1.63 5.30 ± 1.30 
SphK2 ATP + Sphingosine 4.17 ± 0.38 3.11 ± 0.44 3.29 ± 0.78 3.18 ± 0.95 
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Figure S4. Root mean-square fluctuation (RMSF) of each residue position for each 
replicate and system of SphKs. RMSF is shown for each replicate over the 1 µs simulation. 
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Figure S5. Averaged RMSF per residue per system and isoform of SphKs with associated 
standard deviation shown as shaded background. RMSF is displayed is over the 1 µs 
simulation. 
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Table S5. Average secondary structure composition of SphKs (shown as %). a  

Structure 
Starting Structure Last 250 ns 

α 
Helix 

β Sheet Coil α Helix β 
Sheet Coil 

SphK1 apo 30 ± 1 31 ± 1 38 ± 1 28 ± 1 29 ± 1 43 ± 1 
SphK1 ATP 30 ± 1 31 ± 0 39 ± 1 29 ± 1 29 ± 0 42 ± 1 
SphK1 ATP + sphingosine 30 ± 1 31 ± 0 38 ± 1 29 ± 1 29 ± 1 42 ± 1 
SphK2 apo 28 ± 1 24 ± 1 49 ± 1 24 ± 1 20 ± 2 56 ± 3 
SphK2 ATP 28 ± 0 23 ± 1 49 ± 1 25 ± 1 21 ± 1 54 ± 1 
SphK2 ATP + sphingosine 29 ± 0 23 ± 1 49 ± 1 25 ± 1 21 ± 1 55 ± 1 

a Secondary structure percentages represent averages over the final 250 ns of simulation time for 
four replicates of each system (cumulative sampling time of 1000 ns) with corresponding standard 
deviations 
 
 
Table S6. Average radius of gyration for pre and post simulation systems. a  

System Rg Start  
(nm) 

Rg End  
(nm) 

SphK1 apo 2.0 2.1 ± 0.01 
SphK1 ATP 2.0 2.1 ± 0.01 
SphK1 ATP + Sphingosine 2.0 2.1 ± 0.01 
SphK2 apo 2.4 2.4 ± 0.03 
SphK2 ATP 2.4 2.4 ± 0.02 
SphK2 ATP + Sphingosine 2.4 2.4 ± 0.03 

a Radius of gyration for SphK systems averaged over the final 250 ns of four replicates for a cumulative 
sampling time of 1000 ns with corresponding standard deviations. 
 
 
Table S7. Average moments of inertia and eccentricity for SphKs. a 

System I1  
(104 amu × nm2) 

I2  
(104 amu × nm2) 

I3  
(104 amu × nm2) e 

SphK1 apo 8.3 ± 0.1 11.9 ± 0.2 14.2 ± 0.2 0.82 ± 0.1 
SphK1 ATP 8.1 ± 0.1 11.6 ± 0.2 14.0 ± 0.2 0.82 ± 0.1 
SphK1 ATP + Sphingosine 8.2 ± 0.1 12.0 ± 0.2 14.2 ± 0.2 0.81 ± 0.2 
SphK2 apo 14.4 ± 0.5 19.5 ± 0.6 22.3 ± 0.7 0.74 ± 0.2 
SphK2 ATP 13.9 ± 0.4 20.2 ± 0.5 24.1 ± 0.7 0.82 ± 0.1 
SphK2 ATP + Sphingosine 14.7 ± 0.4 20.8 ± 0.7 23.8 ± 0.8 0.78 ± 0.1 

a Moment of Inertia for SphK systems averaged over the final 250 ns of four replicates for a cumulative 
sampling time of 1000 ns with corresponding standard deviations. 
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Figure S6. Solvent Accessibility Surface Area (SASA) of SphK systems averaged across 
replicates by residue number associated standard deviation shown as shaded background. 
SASA analysis was performed over the last 250 ns of simulation. 
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Table S8. SphK isoform Binding cavity analysis influenced by biological substrate 
binding.a 

System Pocket Volume 
(Å3) 

SphK1 apo 1137 ± 166 
SphK1 ATP 1039 ± 128 
SphK1 ATP + Sphingosine 1079 ± 146 
SphK2 apo 896 ± 184 
SphK2 ATP 1042 ± 398 
SphK2 ATP + Sphingosine 1189 ± 261 

aPocket volume was calculated using Metapocket 2.0 webserver and analyzed for volume in UCSF Chimera.  
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Figure S7. Number of hydrogen bonds between SphK isoforms and ligands over time and 
per replicate.  
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Table S9. Analysis of Protein-ATP interactions in cluster structures of SphK systems 
System Replicate Electrostatic Polar Neutral Hydrophobic Backbone 

Sp
hK

1 
A

TP
 b

ou
nd

 
1 R56, R57, D178, 

R185, R191, E343 S181  G342 

2 
R57, D81, E86, 

D178, R185, 
R191, E343, 

 L83 
E55, G80, 

G82, G113, 
G342 

3 
R56, R57, E182, 

R185, R191, 
E343, 

S112 L344  

4 
R24, R57, D81, 

R185, R186, 
R191, E343 

N22, S79, S112  G25, G26, E55 

Sp
hK

2 
A

TP
 b

ou
nd

 1 R157, D211, 
R315, R321, E588 N188, H215  G212 

2 R157, E312, 
R315, E588 Q589 I309, V582  

3 R157, E312, R315 
R321, E588 

S242, N244, Q589 
 

L159, C240 
 

G156, G241, 
G243, G587 

4 
R157, D211, 
E216, R315, 
R321, E588 

Q187, N188, H215  G212, G587 

Sp
hK

1 
A

TP
+s

ph
in

go
si

ne
 b

ou
nd

 

1 R24, R57, E86, 
R185, R191, E343 N22, T54 L83 E55, G82 

2 R24, R57, R185, 
R191, E343 N22, S112  E55, G342 

3 R24, R57, E86 
R185, R191, E343 N22  E55, G82, L83 

4 R56, R57, E182 
R185, R191, E343    

Sp
hK

2 
 

A
TP

+s
ph

in
go

si
ne

 b
ou

nd
 

1 R157, R186, 
R315, R321, E588 Q187 S242  G212 G241 

G587 

2 R157, R315, 
R321, E588 H215 S242  G212 

3 R157, D211, 
E216, R315, E588 

N152, Q187, N188, 
S209  L213 

G155, G156, 
H189, G210, 

G212 

4 R157, D211, 
R315, E588  V590 G212 
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Table S10. Analysis of Protein-sphingosine interactions in cluster structures of SphK 
systems 

System Replicate Electrostatic Polar Neutral Hydrophobic Backbone 
Sp

hK
1 

 
A

TP
+s

ph
in

go
si

ne
 b

ou
nd

 1 E307 T193, E307 
F173, V177, F192, 
L259, L268, M272 

F303, M306 
G269, L302 

2 D178  I174, F192, L261, 
L268, F288, L302 H311, G342 

3 D178  
F173, V177, L259, 
L261, L263, L268, 
A274, F288, L302, 
F303, M306, L319 

I174 

4 D178 H311 I174, F192, L268, 
F288, M306 D341 G342 

Sp
hK

2 
 

A
TP

+s
ph

in
go

si
ne

 b
ou

nd
 1 D308 R321  

F322, L513, A519, 
C533, L547, M551, 

F557, L564 
 

2 D308  
F303, F322, L504, 
L513, C533, F548, 

M551 
A519, G587 

3 D308 R315 T326 

F303, V307, F322, 
L513, L517, V535, 
L544, F548, M551, 

L564 

L547, G587 

4 D308 H556, T584 V307, F322, L513, 
L517, L547, M551 

L544, F548, 
G587 
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CHAPTER 4: DISCUSSION 
 

This work provides useful insight into computational advances useful in orthologue 

and isoform specific inhibitor design. In the Extracellular Signal Regulated Kinase 8 

(ERK8), we were able to identify new residues in TbERK8, TbLys75 and TbPhe154, that 

can be utilized for orthologue selective inhibitor design. Additionally, TbERK8 shows 

promising inhibition with small, flexible molecules containing an aromatic central feature, 

and positively charged flanking side chains. This work utilizing molecular docking 

protocols allows new insight into orthologue specific features and created a starting 

scaffold for next-gen HAT therapeutic inhibitor design.  

In the SphK isoform exploration, we used molecular dynamics simulations to 

explore the protein structure-function relationship influence by the biological substrates, 

ATP and sphingosine. Here, we were able to determine that SphK1 and SphK2 contain an 

α7-α8 helix loop that fluctuates in apo systems and is anchored in the presence of ATP, 

showing potential insight in this domain being essential for sphingosine binding. We 

identified an arginine-rich region within the ATP binding site, important in triphosphate 

binding. Additionally, we identified glutamate residues that could be an alternative for the 

catalytic aspartate, essential in facilitating phosphotransfer reactions. In sphingosine 

binding, many similarities occurred with the SphK isoforms, showing the importance of 

the polar head and the hydrophobic channel of the sphingosine binding cavity, and that 

isoform differences may be influenced by the residues Ile174 in SphK1 and Val304 in 

SphK2, residues in spatially the same position. Importantly, this work supports the 

usefulness the the SphK2 homology model, showing promising similarities to SphK1 
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binding, indicating it as a useful tool when utilizing computational techniques in SphK 

isoform drug discovery practices.  

Collectively, both ERK8 orthologue and SphK isoform investigation using 

computational strategies provided new insight into protein structure-function relationships. 

Exploring the physicochemical characteristics of protein structures can help identify 

features specific to isoform or orthologue structures, providing a deeper understanding on 

how structural mutations or variations effect the protein interface, influencing small 

molecule binding. Molecular docking protocols provided useful information into protein 

specific features, identifying novel chemical orthologue-specific features caused by residue 

deletions and a shift in residues, which can be exploited in drug discovery of Human 

African Trypanosomiasis. Molecular Dynamics (MD) simulations provided an atomistic 

approach for investigating isoform-specific structural features. MD analysis identified 

structural morphology differences between the two SphK isoforms, providing further 

insight into the biological roles each structure performs. Together, this work demonstrates 

a streamlined approach for computation advancements useful in drug discovery aspects, 

providing strategies to accelerate therapeutic discovery.  
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