Dang Pham


Protein Modeling: Bovine eNOS N368D single mutant with L-N(omega)-Nitroarginine-(4R)-Amino-L-Proline Amide Bound ,Endothelial Nitric Oxide Synthase. 



Part 1: Selecting a Protein-Hetero Compound Complex 


Protein title :Bovine eNOS N368D single mutant with L-N(omega)-Nitroarginine-(4R)-Amino-L-Proline Amide Bound 

PDB ID : 1ZZS

Hetero compound's name : L-N(OMEGA)-NITROARGININE-(4R)-AMINO-L-PROLINE AMIDE

Het Code : DP9 

L-N (OMEGA)-NITROARGININE-(4R)-AMINO-L-PROLINE AMIDE Hetero Compound
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Figure1a.  Hetero compound, DP9
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Figure 1b. Hetero compound, DP9


I picked the protein named: Bovine eNOS N368D single mutant with L-N(omega)-Nitroarginine-(4R)-Amino-L-Proline Amide Bound from the protein data bank web site : Bank. There are many hetero compounds in that are embedded within this protein such as ACETATE ION (ACT), L-N(OMEGA)-NITROARGININE-(4R)-AMINO-L-PROLINE AMIDE ( DP9), GLYCEROL(GOL), 5,6,7,8-TETRAHYDROBIOPTERIN(H4B), PROTOPORPHYRIN IX CONTAINING FE(HEM), and ZINC ION(ZN). I chose the hetero compound which has the HET code is DP9 to work on this project.      

I extracted the hetero compound from the protein using DSV program, and I sketched its structure in ChemSketch.  After that I converted it to 3D in Chemsketch to have more detailed picture about this hetero compound.  I also have a copy of hetero compound in DSV program in order to fix its structure incase its extracted structure is not the same as its original that embed within the protein (1ZZS).    

Part 2: Hetero Compound Presents within Protein: 
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Figure 1, Protein and hetero compound
This is a picture which shows the hetero compound, L-N(OMEGA)-NITROARGININE-(4R)-AMINO-L-PROLINE AMIDE (DP9) lies within the protein, Bovine eNOS N368D single mutant with L-N(omega)-Nitroarginine-(4R)-Amino-L-Proline Amide Bound (1ZZS).

Part 3: Steric Enery Calculation:

[image: image14.emf]Energy terms Extracted Energy(kcal/mol) Minimum Energy(kcal/mol)

Stretch: 12.3927 0.7118

Bend: 21.0904 5.0717

Stretch-Bend: 0.1887 0.0423

Torsion: 25.4061 9.638

Non-1,4 VDW: 6.4776 -4.9668

1,4 VDW: 8.7109 4.8743

Charge/Charge: 0 0

Charge/Dipole: -3.6943 -5.0585

Dipole/Dipole: -14.9942 -15.7548

Total: 55.5778 -5.442


Table 1: Steric energy components of Hetero compound (DP9) before and after energy minimization.
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Figure 3a: 3D Structure of Heterocompound (DP9)





Figure 3b: Structure of Heterocompound (DP9)



Before energy minimization








After energy minimization

Discussion:


There are total 9 energy components that are calculated for single points of steric energy for the hetero compound (DP9), and they are: Stretch, Bend, Stretch-Bend, Torsion, Non-1,4 Vander Waal, 1,4 Vander Waal, Charge/Charge, Charge/Dipole, and Dipole/Dipole.  These energy components are calculated by Chem. 3D program, and the data were recorded in the table 1.  

By observing the table 1, I realized that there’s a huge difference in total steric energy for the hetero-compound (DP9) before and after geometry optimization.  The total steric energy dramatically reduced from 55.58 kcal/mol to -5.442 kcal/mol after the geometric optimization is applied.  According to the data table, the energy components: Stretch, Bend, Torsion, and Non 1-4 VDW are considered as major contributing factor in the difference in steric energies.  Below is the explanation of all the steric energy components.

Stretch:  is the energy that related with bond distorted from their optimal length.  Stretch energy is the major component that affects the total steric energy the most.  Stretch energy has its value before geometric optimization is 12.39(kcal/mol), this value is reduced dramatically to 0.712 kcal/mol after geometric optimization is applied.

Bend: is the energy associated with the bond angles distorted from their optimal values.  The bend energy for this hetero compound is changed from 21.09 kcal/mol to 5.072 kcal/mol.  This energy also affects the total steric energy because of its significant change.

Stretch-bend: is energy that has similar characteristic with the stretch and bend energies, but stretch-bend refers more than two bonds on an atom.  Stretch-bend is changed from 0.1887 kcal/mol in the beginning to 0.0423 kcal/mol after energy minimization.  This energy doesn’t change much during the calculation and it doesn’t affect the total energy much.

Torsion: is the energy associated with dihedral angles of the molecules.  Torsion energy is changed significantly from 25.406 kcal/mol in the beginning and it is reduced to 9.638 kcal/mol after geometry optimization is applied.  Torsion energy does impact the total steric energy of the hetero compound.

Non,1-4 VDW : is the energy related to the dipole interaction (bond’s dipole interaction).  Before the geometry minimization, this value is measured as 6.478 kcal/mol and it’s reduced to -4.967 kcal/mol after geometric optimization.  This energy value really affects the total steric energy of the system also.

1,4 VDW:  is the energy that relates to the Vander-Waal’s force.  1,4 VDW energy is experienced between 2 atoms that are apart from each other.  1,4 VDW energy doesn’t really affect the total energy much since its change is not significant compared to others; 8.711 kcal/mol in the beginning and reduced to 4.874 kcal/mol after geometry optimization applied.

Charge-Charge: is the energy that relates to the electrostatic energy.  Charge-charge is the interaction between the charged atoms.  There is no charge-charge value in the calculation (zero kcal/mol in both initial and final calculation).  Therefore, charge-charge is absolute not an impact to the total energy of the hetero-compound.

Charge-Dipole: is the energy refers to the interaction of a dipole and charged-atom.  Charged-dipole value is not changed much, and it shouldn’t be an impact on the total steric energy.  Charge-dipole energy has its value as -3.694 kcal/mol before the geometry optimization and -5.058 kcal/mol after energy minimization is applied.

Dipole-dipole: is the energy that associated with the interaction between two dipoles (bond’s dipole interaction).  There’s a very slight decrease of the dipole-dipole energy from -14.99 kcal/mol to -15.75 kcal/mol after an energy optimization is performed.  Dipole-dipole doesn’t affect the total steric energy since its change is very small.   

Part 4: Superimposing the Extracted Hetero Compound:


[image: image6.emf]
Figure 4: 3D Superimposed Image of the Extracted and the Energy-minimized Structures of Hetero-Compound (DP9)

Above is the superimposing image of extracted and energy minimized hetero-compound performed by Chem. 3D.  By skimming through the steric energy table ( table 1), I am able to predict that the overlay is not going to be a good fit because of the huge energy changes to the total steric energy ( 55.58 kcal/mol( -5.442 kcal/mol). 

Throughout the superimposing picture, I notice that the geometry shape of the angle O#1 N#3 O#47 is not even lay on top to the angle O#46 N#48 O#2, but look like these 2 angles are perpendicular to each other ( 90 degrees between them, we expected to see O degree between these 2 angles). That is a most significant un-fit according to the overlay. That let me know that the NO2, which is very strong electro negativity groups within the hetero compound, is twisted hard (almost 90 degrees) to obtain the minimized energy for the whole molecule.  Also, the part of the hetero compound that starts from the pyridine ring to the carbon number 26 is folded back a bit in the gas phase (geometry optimization), and this is showed in the overlay picture.  The pyridine ring of the minimized energy hetero compound is not perfectly fit on top of the extracted hetero compound (I can see the gap between them).  All the polar hydrogen is slightly not fit, but this is not so significant according to the image (Figure 4).   I can’t realize the gap between other carbons atoms, even the O that are attached to the carbons are in very good fit.  
Part 5: Protein Ligand-Interations


Now I start to study the chemical interactions between the protein (PDB ID: 1ZZS) and the ligand (HET ID: DP9).  While I am working on this part, I have found out that I picked an interesting protein.  The interesting thing is my protein actually has two similar hetero compounds that are called DP9799 and DP9800.  I carefully examine these 2 same ligands in DSV, and realized that these hetero-compounds are set on 2 different chains A and B of the protein.  Both hetero compounds DP9799 and DP9800 have exactly the same structure.   I visit the PDBsum web site to figure out the problem and decide which one I should choose and work on.  Unlike other proteins, the PDBsum page doesn’t show the side chain list link to choose to in order to get the correct wire diagram for the side chain that contains the hetero compound.  I was so confusing with what I see in this page because DSV program shows that these twin ligands are within two different chains A and B, and now PDBsum site doesn’t list any chain this protein at all.  I look around all over the page to and found the message “Protein chain A- Representing identical chain B” right under the main menu.  Throughout the above “description”, I am able to conclude that even though the protein has 2 side chains A and B, they are also identical.  I think that is a reason why the protein also has 2 identical hetero compounds (DP9799 and DP9800).  Also the wiring diagram that the PDBsum site provides is the wiring diagram for both side chain A and B; therefore, I assume that this is the only one diagram for the protein since the side chain A and B are similar to each other.  I decided to keep working on this wiring diagram in the belief that I made the correct decision and on the right track.  
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Figure 5: Wiring diagram for side chains A and B (identical to each other) of protein (1ZZS)

Another purpose of this project is studying the interaction between the protein and the hetero compounds (DP9).  The wiring diagram above shows one of the protein chains which contain its ligand.  Wiring diagram id obtained from the PDBsum websites, and it shows the interaction of the protein and the residues as well as ligands, hydrogen bonding (green dotted line ) within the catalytic site.  I clicked on the “ligand” tab and choose the HET code of the hetero compound that I am working on.  On this page, I also receive another message right under the Ligplot image that is “DP9799 also representing equivalent ligand DP9800”.  Then now I am really surer that I am on the right track since this Ligplot diagram is applied for both twin ligands DP9799 and DP9800 according to the PDBsum site.


The wiring diagram shows all the amino acid residues that has chemical interactions with the hetero compound.  They are shown by the red dots.  The amino acids that are lied inside the red rectangular are the catalytic residues and they are: Trp 358, Arg 189, Glu 363, and Cys 186.  These catalytic residues are both within the side chain A.  I also realize the amino acids (Cystine) that has a blue dot on top of it shows that it has the chemical interaction with metal ions in the protein.  The protein side chain has two favorite motifs that are α helix and β sheet.  These two types of protein conformation are represented by the wiring diagram.  The flat arrows represent the β sheet conformation and the spring-shape coils represent α helix conformation.  This is a really long side-chain since it contains totally 405 amino acids. 
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Figure 6: Ligand interaction plot of the protein (1ZZS) and hetero compound (DP9).

Above is the Ligplot diagram which shows the interaction of the protein and ligand in two dimensional.  The molecules in the Ligplot are drawn in ball and stick.  By observing the ligplot diagram, I realize that the hetero compound is placed next to a heme-group (Hem 700), and other amino acids such as, Glu (363), Gln (249), and Trp (358).  The dotted green line indicates the hydrogen bond between ligands and other residues (amino acids).   The hydrogen bond happens within a distance of ~3.23 Ao.  However, I still see that the oxygen atom of the amino acid Glu (363) has hydrogen bond with the H of the ligand in distance 4.74Ao. That must be a very weak hydrogen bond among others.  The fact that Glutamate is an anionic amino acid; therefore, its hydrogen is the hydrogen bond acceptor (HBA).  The eyelashes that locate on the upper left of the diagram are also the amino acids that have hydrophobic interaction with the hetero compound.  They (eyelashes) also have hydrogen bonding with other amino acids near to it.  Here are pictures that describe more about the interaction between ligand and protein.  
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Figure 7: The protein display in secondary structure
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Figure 8: The protein display with hetero-compound (ball and stick display) within it.
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Figure 9: Interactions between hetero-compound with closed residues (hydrogen-bonds shown).
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Figure 10: The interacting amino acid residues and hetero-compound (non H-bond included.)
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Figure 11: The interacting amino acid residues and hetero-compound (hydrogen bond included).


The pictures are generated from DSV program and saved as msv and jpg format.  

Part 6: Protein Ligand Interaction cont.

Table of content:
	Amino acid residue
	Hetero compound atoms
	Nature of interactions

	Trp 358
	Chain A
	NH2
	It is a aromatic amino acids, and its O hydrogen bonding with NH2  group of lagand, this is a weak hydrogen bonding and it’s difficult to tell that which is HBA or HBD because Trp is a non-polar amino acid.

	Glu 363
	Chain A
	NH2
	Glutamate has negative charge R group COO- , therefore, NH2 is a HBD and COO- is HBA

	Gln 249
	Chain A 
	C=O
	Glutamine has a polar uncharged R group, therefore can be lost H from its NH2 group.  It is HBD in this situation.  

	Pro 336
Eyelash
	Chain A
	Val 338
	Hydrophobic reaction with the ligand and from no Hydrogen bond with Val 338 since both these residues has nonpolar R groups.

	Val 338
Eyelash
	 Chain A

	Heme group, and NO2 group of ligand
	Hydrophobic interaction with ligand, and may have chemical interactions with heme group and other amino acids such as Pro 336.

	Gly 357
Eyelash
	Chain A 
	Bezene ring of the hetero compound,  and Pro 336
	Glycine has a nonpolar R group, and therefore has a hydrophobic interaction with hetero compound; it also has interaction, hydrogen bond with residue Pro 336. 

	Ser 356
Eyelash
	Chain A 
	Pro 336, and Val 338
	Far way from hetero compound, and has hydrophobic interaction with ligand, it has CH2OH R group, might have Hydrogen bond with Pro 336, and Val 338, it can be a HBA. 

	Phe 355
Eyelash
	 Chain A
	Pro 336 and Val 338
	This amino acid has hydrophobic interaction with ligand.  It has an aromatic polar R group; therefore, it’s difficult to tell if it is HBD or HBA once it has any interaction with other amino acids.   

	Tyr 477
Eyelash
	 Chain A 
	Phe 355, and Trp 449
	Tyrosine has its alcohol R group, and it has hydrophobic interaction with hetero-compound.  It also has hydrogen bonding with Phe 355 and Trp 449.  It can be a HBA, and once accept an H, and then its H2O will leave to make it become Phe to have more stable form.  

	Trp 449
Eyelash
	Chain A 
	Heme group, and Tyr 477
	It stays far away from ligand, next to a heme group.  Therefore, it only has hydrogen bonding with Tyr 477.  I don’t really know which is HBA or HBD because they are all in the same category aromatic group.    


Table2: Hetero compound and residues interaction.

Part 7: Bibliographic Information:
1. The Protein, Bovine eNOS N368D single mutant with L-N (omega)-Nitroarginine-(4R)-Amino-L-Proline Amide Bound is retrieved from the RCSB Protein Data Bank, and its PDB ID : 1ZZS
The Li, H., Flinspach, M.L., Igarashi, J., Jamal, J., Yang, W., Litzinger, E.A., Huang, H., Erdal, E.P., Silverman, R.B., Poulos, T.L.Exploring the Binding Conformations of Bulkier Dipeptide Amide Inhibitors in Constitutive Nitric Oxide Synthases. Biochemistry v44 pp. 15222-15229, 2005. http://www.rcsb.org/pdb/explore/explore.do?structureId=1ZZS
2.    KeithM. Channon, Tetrahydrobiopterin: Regulator of Endothelial Nitric Oxide Synthase in Vascular Disease, Trends in Cardiovascular MedicineVolume 14, Issue 8, , November 2004, Pages 323-327.
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3. The wiring diagram and Ligplot of the Protein-Hetero compound were obtained from the PDBSum Website:
Laskowski R A, Chistyakov V V, Thornton J M (2005). PDBsum more: new summaries and analyses 
of the known 3D structures of proteins and nucleic acids.Nucleic Acids Res., 33, D266-D268.
http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/GetPage.pl?pdbcode=1zzs&template=protein.html&r=wiring&l=1&chain=A
Part 8:Organization and Submission:
The protein, Bovine eNOS N368D single mutant with L-N(omega)-Nitroarginine-(4R)-Amino-L-Proline Amide Bound (PDB ID: 1ZZS) is a enzyme that called Endothelial Nitric Oxide Synthase.  This protein enzyme has an important role to human health.  It helps to reduce and avoid the risk of endothelial dysfunction.  According to Channon, the regulation of Endothelial Nitric Oxide Synthase and its cofactor BH4  may provide the new treatment methods in vascular disease.  This useful enzyme has many hetero compound bound within it, and the one I am interested in, and chose to study on is named L-N (Omega)-Nitroarginine-(4R)-Amino-L-Proline-Amide.  This hetero compound has its HET ID as DP9, and there are two similar DP9 hetero compounds present in this protein, DP9799 and DP9800.  They have the same structure. 
The first 4 parts of this project is looking a proper protein and using DSV program to display, view, and separate the desired hetero-compound from the protein.  The most important element in these first parts is how to obtain an extracted hetero compound that has the same its original structure when it is within the protein.  DSV is very useful program to and solve this problem.  The picture of both protein chain and the hetero-compound is displayed nicely in the pictures; this work mostly is done by Chem. 3D program (please see figures 1 and 2).  
The regular energy and the minimized energy are computed by the Chem. 3D program in order to observe how the hetero compound changes its shape after it is geometry optimized.  In order to know how the minimized energy conformation of the hetero compound changes from its original’s, I made a overlay between the two and if the overlay doesn’t show a good fit, then there must be some changes in its conformation (please see figure 4). 
Next, I study the chemical interactions between the hetero-compound and its side chain.  For this part, I visited the website PDBsum to retrieve the diagrams (wiring diagram and ligplot diagram) that show the relation between each single amino acids of the chain with the hetero compound.  The wiring diagram shows the specific amino acids that interact with hetero compound, (please see figure 5).  The ligplot diagram indicates the hydrogen bonds between the amino acids and the hetero compounds (please see figure 6).  
The wiring and ligplot diagram helps to construct the next pictures of the whole protein and the amino acid bounded with the hetero compound and even show the hydrogen bonds between the atoms (please see figure 10 and 11).  Figure 9 is the best view for the chemical interactions between the residues and hetero-compound.  Finally, the table 2 lists and describes the type of chemical interactions between ligand and the amino acids around it.  From there we can figure out which specie is HBA or HBD.  (please see table 2).        
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