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In Search of Proline
    For this assignment, I first had to pick an amino acid out of the twenty naturally occurring amino acids.  The amino acid I chose was proline.  Proline is very unique in that it is the only amino acid that has its side chain attached to the amino acid back bone twice, whereas all of the other naturally occurring amino acid side chains are attached only once.  Proline is an important amino acid in collagen and cartilage.  Collagen is found in tendons, ligaments, and connective tissues in the body.  This helps keep joints and tendons cushioned and working smoothly.  It also promotes the production of bone, skin, and cartilage.  Proline is also effective in preventing wrinkles and the natural aging of skin.  Proline is also important in reversing atherosclerotic deposits.  It does this in two ways.  One is by preventing further build up of atherosclerotic deposits, and the second is to help release “already deposited fat globules from blood vessel wall into the blood serum” [4].  A large source of proline in the human diet is found in meats, eggs, and dairy produces.  

Part I:

Choosing the protein-hetero compound complex

[image: image1.emf]Table 1: The Steric Energy of Proline

Before Energy 

Minimization:

After Energy 

Minimization:

Stretch: 2.8095 0.2446

Bend: 2.2823 3.8755

Stretch-Bend: -0.0179 -0.0187

Torsion: 12.7342 5.6836

Non-1,4 VDW: -0.1464 -0.3015

1,4 VDW: 5.9395 3.3541

Dipole/Dipole: 0 0

Total Energy: -50.2521 -63.9696

[image: image2.emf]    In order to find a protein containing the heterocompound, proline, I had to search for it on a protein data base.  The protein data base that I used was the RCSB Protein Data Base**, http://www.rcsb.org is the web address.  Here I search by using the search phrase “proline.”  There were 4,748 articles that were found.  I went through each one that used X-Ray Diffraction and not NMR spectroscopy.  I also looked for the isolated proline structure as a “Ligand Chemical Component.”  The article that I found my protein in was the fourth article on the third page.  The article is Structure of the E. coli PutA proline dehydrogenase domain reduced by dithionite and complexed with proline**.  I then downloaded the PDB file and opened it in DS Visualizer.  The PDB ID Code was 2FZN, and the HET code is PRO.    
Figure 2: The Cleaned up Protein structure containing the

[image: image3.emf]heterocompound proline, which is circled in purple.**[2]

    Once in DS Visualizer, I cleaned up the protein.  I hid the water molecules that were associated with it.  I also hid the second compound chain that was associated with the proline molecule.  I displayed the protein as a solid ribbon, along with making the proline structure a ball and stick molecule so that it could be seen easier.
[image: image4.emf]
Figure 3:  This is the extracted proline molecule that has the charges corrected on it so that it is a zwitterions molecule with a positive charge on the nitrogen and a negative charge on the oxygen.**[2]

[image: image5.emf]     I then extracted the proline molecule from the protein by copying and pasting it into a new window of DS Visualizer.  Here, I added hydrogen atoms which gave the molecule an incorrect structure and formula.  The program made the nitrogen atom neutral and turned one of the oxygen atoms into an alcohol.  I gave the carboxyl group a negative charge but removing the hydrogen, and I added a hydrogen to the nitrogen atom so that it would have a positive charge.  I then saved the image in three different formats, . mol. .jpg, and .msv.
Figure 4: This is the proline structure drawn in the program ChemSketch, with the appropriate charges, unpaired electrons, and stereochemistry showing. 
Finally, I drew the proline molecule in the program ChemSketch.  Here I drew the basic structure of the molecule, including the stereochemistry by adding the wedge where appropriate.  I also added a positive charge to the nitrogen by adding a hydrogen atom to it, along with giving the oxygen atom a negative charge by removing the hydrogen.  I showed the unpaired electrons to the oxygen atoms as well.  I then save the image as a .sk2 file because I was unable to save it as a .gif and reopen it. 
Part II:
Displaying the Protein Hetero-Compound Complex

[image: image6.emf]
Figure 5: This is the secondary protein structure with the heterocompound, proline, in the center in the CPK format.  **[1]

I made the protein image appear in the secondary structure form as a solid ribbon.  I also put the heterocompound, proline, in the space filling CPK format.
Part III:

Steric Energy Calculations
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Figure 6: The Heterocompound, Proline [image: image7.png]


complexed with the protein, before energy minimization.[1]
There have been two procedures performed here.  First, I took a single point energy calculation.  With this molecular position, the heterocompound, proline, is in the angle that it would be when it is complexed with the protein.  In the single point energy calculation, the stretch, bend, stretch-bend, torsion, Non-1,4 van der Waals, 1,4 van der Waals, dipole/dipole interactions, and the total energy was calculated.  The second single point energy calculation was performed after the heterocompound, proline, was twisted into the structure that has the lowest amount of energy.
Stretch and Bend and Stretch-Bend:
The Stretch and bend energies make a significant contribution to the total energy of the molecule.  The stretch energy was calculated to be 2.8095 and the bend energy was 2.2823.  The stretch-bend energy had very little impact on the total energy because it was so low, which is also true for the minimized structure as well.  They were both below -0.019.  The stretch energy for the minimized structure was 0.2446, which is much lower than the complexed structure.  The stretch energy barely made a contribution to the total energy because it was so small.  The bend energy for the minimized structure did have a significant amount of energy, at 3.8755.  It actually had a greater amount of energy than in the complexed structure before it was minimized at 2.2823.
Torsion: 

The torsion is the angel between the main atoms in the proline molecule.  This would include the oxygen atom, the nitrogen atom, and the five carbon atoms in the ring.  This measures the amount of energy in the strained angles of proline.  There is an extreme difference between the torsion of the complexed structure and minimized structure.  The torsion for the complexed [image: image8.png]


structure was calculated to be 12.7342, whereas the minimized structure calculated it to be 5.6836.  The difference is over seven.  The complexed structure clearly was getting more energy from the torsion between its major atoms.  The minimized structure was obviously in an optimized position to have as little torsion as possible in its total energy use.
Figure 7: The heterocompound, Proline, after the energy minimization.  [1]
Non-1,4 VDW and 1,4 VDW:

For both the minimized and the complexed structures, the Non-1,4 van der Waals interaction calculations were determined to be very low and negative.  This is because the interactions are between atoms that are more than three bonds away from one another.  For this molecule, these interactions are typically between hydrogen atoms, which explain why these interactions are so low.  The 1,4 van der Waals interactions are very different from the non-1,4 van der Waals interactions.  These have a positive and a higher energy because these are the interactions of atoms that are within three bonds of each other.  It makes sense that these would have a greater impact on the total energy of the molecule.
Dipole/Dipole interactions:
For both of the structures, there was no dipole/dipole interaction between the atoms so it didn’t contribute to the total energy of the molecule.
Total Energy:
Over all the total energy for the complexed molecule is much higher than the minimized structure.  As a complexed structure, the atoms in the structure are strained and are producing a lot of energy.  Once minimized, the structure is less energetic because it is at the optimized position.  Though neither of the structures have a large amount of total energy, there is still a major difference between the two.
Superimposing the Extracted and the Energy Minimized [image: image9.png]


Hetero Compounds
Figure 8: These are the two proline structures
before and after the energy
minimization, overlaid with one another.  [1]
In order to obtain the overlay of these two proline structures, I copied them into the same window in Chem3D.  Here, I selected one fragment and used the “select target fragment” in the overlay functions to select the second fragment.  I then overlaid the two structures together.  It is very important to hide the hydrogen, mainly because they do not really overlay with one another and it makes it easier to see the main atoms like the nitrogen atom, the carbon atoms, and the oxygen atoms.
It is clear to see that the “goodness of fit” for these two structures is not perfect.  This is to be expected, since one structure is the molecule while it is complexed with the protein and the other is in the minimized energy structure.  Only the second carbon bonding the ring to the carboxyl group was lined up well with the other one.  The part of the ring that specifically did not overlay well would be the end with the carbons that were the farthest from the carboxyl group.  When proline is complexed with the protein, the ring is bent back, whereas with the minimized energy structure, it is brought forward to put less strain on the ring.  Also, the oxygen atoms in the carboxyl group appear to be in different plans.  In the structure complexed with the protein, the oxygen atoms are out of the plan of the ring and rotated.  In the energy minimized structure, the oxygen atoms are more so in the plain of the ring and are brought forward more.  The bending of the structure of proline complexed with the protein is most likely due to the interactions of the other molecules and forces in the protein structure itself, whereas the second structure is optimized for the least amount of energy when it is in the gaseous phase and not interaction with other molecules.  These can be seen in a different way below, in Figure 9, which is the structure of proline complexed with the protein, and in Figure 10, which is the structure of proline after the energy minimization.
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Figure 9:






The structure of proline




complexed with the protein





Figure 10:

before energy minimization has occurred.




The structure of proline after the energy

minimization has occurred.
Part IV:
Protein-Ligand Interactions
I used the search data base, PDBsum, to find more specific information on my protein containing my heterocompound.  The search engine gave a wire diagram, as seen to the left.  This diagram is an illustration in a linear format that describes the interactions between the amino acid residues in the protein.  The “spiral” like sections is referring to the α-helixes, whereas the multiple β are referring to the β-sheets throughout the protein.  Also, the small red dots that are located above some of the residues is in reference to the residue coming into contact with the ligand, proline.  This diagram gives a more numerical and linear way of seeing the interactions.  Within this protein, there are multiple residues interacting with the ligand. 
[image: image12.png]



Figure 11: This is the wiring diagram of the protein that contains the proline molecule. From the PDBsum website***[3]
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Figure 12: This is the LIGPLOT of the interactions between proline and other amino acids within the protein.  From PDBsum website***[3]

Above is a diagram of a LIGPLOT obtained from the same PDBsum website.  A LIGPLOT is a plot of the main amino acid residues that are interacting with the ligand, proline.  In this diagram, it shows that there are three main molecules that are interacting with the proline molecule by hydrogen bonding.  These three main molecules are lysine329, two different Arginine molecules, arginine556 and Arginine 555.  These three molecules are interacting with the carboxyl group of the proline molecule.  These are not the only molecule interacting with the proline of course.  There is also alaine436, tyrosine552, tyrosine540, aspartic acid370, and leucine513.  Also, the other ligand, Fad2001 is also interacting with the proline.  This diagram helps clarify which molecules bond how and where to the proline and what is really interacting with it.
Figure 13: The protein structure with proline as a ball and stick in the center.
[image: image14.png]



I began the process of displaying the interactions of the residues with the proline ligand in the three-dementional format.  I did this to see if the 3-D format showed the same interactions as the 2-D LIGPLOT does.  I did this using DS Visualizer.  I started with the protein being displayed at a solid ribbon and the proline molecule as a ball and stick.
[image: image15.png]


Figure 14: The protein structure displayed as a solid ribbon,

with the proline heterocompound in the center as a

ball and stick, and the interactions between the

surrounding residues with the ligands.

The next major step is to display all of the residues that are interacting with the proline molecule.  I selected all of the residues that were listed in the LIGPLOT diagram above.  I made these a pale yellow color in the stick formation with their labels.  This illustrates where the residues are located in the protein in relation to the proline.  It is obvious that the molecules are relatively close in proximity to the proline molecule.
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Figure 15: A diagram of the proline heterocompound with the interactions of the surrounding amino acid residues.
Here is a better illustration of the interactions between the proline molecule and the other amino acid residues.  For the most part, all of the interactions among the residues were the same as shown in the LIGPLOT diagram above.  However, some of the placement of the residues was not completely accurate, but that is mainly because the LIGPLOT is a 2-D diagram.  What is interesting to see though is that there is an interaction between the nitrogen atom and the lysine molecule which was not shown in the LIGPLOT.  There are also interactions between the other residues with one another.  This was also not shown in the LIGPLOT.
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Figure 16: Again, here is an image, like the previous one, that shows the protein as a solid ribbon, with the proline molecule as a ball and stick, and the interacting amino residues in the pale yellow stick format.
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Part V:
Protein-Ligand Interactions

Table 2: Interactions between Proline and other Residues
	Amino acid residue
	Hetero compound atoms
	Nature of interaction

	Lysine 329
	Side chain – NH2+ is positively charged.
	The oxygen of the carboxyl group
	This is a hydrogen interaction.  The nitrogen is the Hydrogen Bond Donor (HBD).

	Asparagine 370
	side chain is neg. charged carboxylate
	????
	It doesn’t seem to be close to Proline.  Asp370 is interacting with Lys329 and Tyr540 by hydrogen bonding.

	Alanine 436
	Side chain – methyl group
	?????
	It is hard to say because this residue is not close to proline.  However, it is interacting with the other heterocompound FAD 2001 by van der Waals interactions.

	Leucine 513
	side chain – CH3-CH2-CH3
	Pyrrolidine ring
	It is hard to say.  Probably a van der Waals interaction between one of the methyl groups of Leu513 and the pyrrolidine ring of proline.

	Tyrosine540
	side chain -- - CH2Ph-OH

	Carboxyl group
	It is hard to say.  Probably hydrogen interactions – the Tyr540 is the hydrogen bond donor (HBD) whereas the Proline is the hydrogen bond acceptor (HBA).


	Tyrosine552
	side chain - CH2Ph-OH
	?????
	Tryosine552 doesn’t seem to be in close contact.  No hydrogen bond interactions to other residues.  Possibly electrostatic interactions with one of the nitrogen groups on Arginine555.


	Arginine 555
	side chain – nitrogen groups
	The carboxyl group
	Electrostatic interactions – the positively charged nitrogen is interaction with the double bonded oxygen of the carboxyl group.  The nitrogen in the chain is also interacting with the O- of the carboxyl group.


	Arginine 556
	side chain – nitrogen groups
	The O- of the carboxyl group.
	Electrostatic interactions – the two positively charged nitrogen groups on the Arginine and interacting with the negatively charged oxygen atom of the Carboxyl group on Proline.

	FAD 2001
	side chain
	Possibly the pyrrolidine ring
	It is unclear what the interactions are between FAD2001 and proline.  It could be van der Waals interactions between the carbon groups of FAD2001 and proline, or it could be the pi-stacking interactions between the pyrrolidine ring of the proline and the pyridine rings of FAD 2001.
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***I could not find an article that had an abstract that also had proline as a ligand chemical component.  I searched each article within the first twenty pages the search found.***
 Figure 1: The protein chain containing the heterocompound found in the article from the RCSB Protein Data Base [2]
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 atom="10"

 value="0"

/><prop

 id="85"

 atom="11"

 value="0"

/><prop

 id="86"

 atom="12"

 value="-0.5"

/><prop

 id="87"

 atom="13"

 value="0"

/><prop

 id="88"

 atom="14"

 value="0"

/><prop

 id="89"

 atom="15"

 value="0"

/><prop

 id="90"

 atom="16"

 value="0"

/><prop

 id="91"

 atom="17"

 value="0"

/><prop

 id="92"

 atom="18"

 value="0"

/><prop

 id="93"

 atom="19"

 value="0"

/><prop

 id="94"

 atom="20"

 value="0"

/><prop

 id="95"

 atom="21"

 value="0"

/></atomprop><attachmentCoordinates

 id="39"

 attAttAtom="5"

 attAngleAtom="6"

 attThirdAtom="11"

 attOtherAtom="13"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="40"

 attAttAtom="5"

 attAngleAtom="6"

 attThirdAtom="11"

 attOtherAtom="21"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="41"

 attAttAtom="5"

 attAngleAtom="6"

 attThirdAtom="13"

 attOtherAtom="21"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="42"

 attAttAtom="5"

 attAngleAtom="11"

 attThirdAtom="13"

 attOtherAtom="21"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="43"

 attAttAtom="6"

 attAngleAtom="5"

 attThirdAtom="7"

 attOtherAtom="9"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="44"

 attAttAtom="6"

 attAngleAtom="5"

 attThirdAtom="7"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="45"

 attAttAtom="6"

 attAngleAtom="5"

 attThirdAtom="9"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="46"

 attAttAtom="6"

 attAngleAtom="7"

 attThirdAtom="9"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="47"

 attAttAtom="7"

 attAngleAtom="6"

 attThirdAtom="8"

 attOtherAtom="12"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="48"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="10"

 attOtherAtom="15"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="49"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="10"

 attOtherAtom="16"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="50"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="15"

 attOtherAtom="16"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="51"

 attAttAtom="9"

 attAngleAtom="10"

 attThirdAtom="15"

 attOtherAtom="16"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="52"

 attAttAtom="10"

 attAngleAtom="9"

 attThirdAtom="11"

 attOtherAtom="17"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="53"

 attAttAtom="10"

 attAngleAtom="9"

 attThirdAtom="11"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="54"

 attAttAtom="10"

 attAngleAtom="9"

 attThirdAtom="17"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="55"

 attAttAtom="10"

 attAngleAtom="11"

 attThirdAtom="17"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="56"

 attAttAtom="11"

 attAngleAtom="5"

 attThirdAtom="10"

 attOtherAtom="19"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="57"

 attAttAtom="11"

 attAngleAtom="5"

 attThirdAtom="10"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="58"

 attAttAtom="11"

 attAngleAtom="5"

 attThirdAtom="19"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="59"

 attAttAtom="11"

 attAngleAtom="10"

 attThirdAtom="19"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="-1"

/></model></C3XML>


_1271574851.xml
                                                                                                               


_1271574852.txt
<C3XML

 version="11.0"

><model

 id="1"

 showAtomSymbol="Hide"

 showAtomSerialNumber="Hide"

 showAtomDots="Hide"

 objectDisplayMode="BallAndStick"

 colorByMode="ColorByElement"

 backgroundColor="0xffff8000"

 backgroundShape="10"

 backgroundShapeColor="0xff000000"

 backgroundPicAlign="0"

 backgroundPicOffset="0 0"

 backgroundPicAlpha="255"

 backgroundPicTransparent="no"

 backgroundPicTransColor="0xffffffff"

 selectedColor="0xff00ffff"

 alphaHelixColor="0xffff5780"

 betaSheetColor="0xffc00024"

 coilColor="0xffff57c0"

 nucleicAcidColor="0xffc0c000"

 labelFontName="Times New Roman"

 labelFontSize="12"

 labelFontColor="0xff000000"

 sphereSizeBy="SizeByRadius"

 sphereSizeScale="25"

 dotsSizeBy="SizeByRadius"

 dotsDensity="50"

 buildingAutoRectify="yes"

 buildingAutoCleanupAtomTypes="yes"

 buildingAutoApplyStandards="yes"

 buildingAutoCenter="yes"

 macroMol="no"

 buildingBondProximatePercent="10"

 hydrogenAtomDisplayMode="HideHydrogens"

 hydrogenBondDisplayMode="HideHydrogenBonds"

 lonePairDisplayMode="ShowAllLonePairs"

 showResidueLabels="no"

 displayDelocalizedSystems="yes"

><view

 id="2"

 viewScaleFactor="65.7007"

 viewWidthPixels="1043"

 viewHeightPixels="624"

 viewTransform=" 0.666778 0.100748 -0.738415 0 -0.683212 -0.313166 -0.659658 0 -0.297706 0.944339 -0.13998 0 0 0 0 1"

 fieldOfView="0.785398"

 stereoMode="Disabled"

 viewFocusCenter="25.1676 23.3808 43.048"

 viewOffset="-0.0304411 -0.395734 0"

/><group

 id="3"

 isCollapsed="yes"

 groupName="Main"

><fragment

 id="5"

 groupName="After"

 groupID="2"

><atom

 id="18"

 atType="C Alkane"

 symbol="C"

 userNum="22"

 cartCoords="23.8222 24.0046 43.2989"

/><atom

 id="26"

 atType="C Alkane"

 symbol="C"

 userNum="23"

 cartCoords="23.9021 24.0599 44.8316"

/><atom

 id="10"

 atType="C Alkane"

 symbol="C"

 userNum="24"

 cartCoords="25.3956 23.85 45.0943"

/><atom

 id="20"

 atType="H"

 symbol="H"

 userNum="27"

 cartCoords="24.2373 21.8996 42.7727"

/><atom

 id="28"

 atType="H"

 symbol="H"

 userNum="28"

 cartCoords="24.1707 24.9805 42.8859"

/><atom

 id="7"

 atType="N Ammonium"

 symbol="N"

 userNum="18"

 cartCoords="25.6729 22.767 44.0874"

 charge="1"

 formalCharge="1"

/><atom

 id="12"

 atType="H Ammonium"

 symbol="H"

 userNum="26"

 cartCoords="25.4912 21.8449 44.5464"

/><atom

 id="35"

 atType="H"

 symbol="H"

 userNum="31"

 cartCoords="23.3114 23.2251 45.2791"

/><atom

 id="33"

 atType="H"

 symbol="H"

 userNum="30"

 cartCoords="23.5282 25.0236 45.2466"

/><atom

 id="16"

 atType="C Carboxylate"

 symbol="C"

 userNum="20"

 cartCoords="25.7027 23.0907 41.7507"

/><atom

 id="24"

 atType="O Carboxylate"

 symbol="O"

 userNum="25"

 cartCoords="26.7308 22.3888 41.8488"

 charge="-0.5"

 formalCharge="-1"

/><atom

 id="30"

 atType="H"

 symbol="H"

 userNum="29"

 cartCoords="22.782 23.8294 42.9405"

/><atom

 id="8"

 atType="C Alkane"

 symbol="C"

 userNum="19"

 cartCoords="24.7733 22.8684 42.8987"

/><atom

 id="22"

 atType="O Carboxylate"

 symbol="O"

 userNum="21"

 cartCoords="25.4603 23.9857 40.9206"

 charge="-0.5"

/><atom

 id="37"

 atType="H"

 symbol="H"

 userNum="32"

 cartCoords="25.9795 24.7616 44.8287"

/><atom

 id="39"

 atType="H"

 symbol="H"

 userNum="33"

 cartCoords="25.6389 23.5209 46.1281"

/><atom

 id="14"

 atType="H Ammonium"

 symbol="H"

 userNum="34"

 cartCoords="26.6796 22.8088 43.8146"

/><bond

 id="6"

 bondAtom1="7"

 bondAtom2="8"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="9"

 bondAtom1="10"

 bondAtom2="7"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="11"

 bondAtom1="7"

 bondAtom2="12"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="13"

 bondAtom1="7"

 bondAtom2="14"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="15"

 bondAtom1="8"

 bondAtom2="16"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="17"

 bondAtom1="8"

 bondAtom2="18"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="19"

 bondAtom1="8"

 bondAtom2="20"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="21"

 bondAtom1="16"

 bondAtom2="22"

 bondOrderType="15"

 bondOrder="2"

/><bond

 id="23"

 bondAtom1="16"

 bondAtom2="24"

 bondOrderType="15"

 bondOrder="1"

/><bond

 id="25"

 bondAtom1="18"

 bondAtom2="26"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="27"

 bondAtom1="18"

 bondAtom2="28"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="29"

 bondAtom1="18"

 bondAtom2="30"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="31"

 bondAtom1="26"

 bondAtom2="10"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="32"

 bondAtom1="26"

 bondAtom2="33"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="34"

 bondAtom1="26"

 bondAtom2="35"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="36"

 bondAtom1="10"

 bondAtom2="37"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="38"

 bondAtom1="10"

 bondAtom2="39"

 bondOrderType="0"

 bondOrder="1"

/></fragment></group><atomprop

 id="61"

 name="Atom Type"

 source="MM2"

 type="String"

 modeldependent="no"

><prop

 id="62"

 atom="18"

 value="C Alkane"

/><prop

 id="63"

 atom="26"

 value="C Alkane"

/><prop

 id="64"

 atom="10"

 value="C Alkane"

/><prop

 id="65"

 atom="20"

 value="H"

/><prop

 id="66"

 atom="28"

 value="H"

/><prop

 id="67"

 atom="7"

 value="N Ammonium"

/><prop

 id="68"

 atom="12"

 value="H Ammonium"

/><prop

 id="69"

 atom="35"

 value="H"

/><prop

 id="70"

 atom="33"

 value="H"

/><prop

 id="71"

 atom="16"

 value="C Carboxylate"

/><prop

 id="72"

 atom="24"

 value="O Carboxylate"

/><prop

 id="73"

 atom="30"

 value="H"

/><prop

 id="74"

 atom="8"

 value="C Alkane"

/><prop

 id="75"

 atom="22"

 value="O Carboxylate"

/><prop

 id="76"

 atom="37"

 value="H"

/><prop

 id="77"

 atom="39"

 value="H"

/><prop

 id="78"

 atom="14"

 value="H Ammonium"

/></atomprop><atomprop

 id="79"

 name="Charge"

 source="MM2"

 type="Double"

 modeldependent="no"

><prop

 id="80"

 atom="18"

 value="0"

/><prop

 id="81"

 atom="26"

 value="0"

/><prop

 id="82"

 atom="10"

 value="0"

/><prop

 id="83"

 atom="20"

 value="0"

/><prop

 id="84"

 atom="28"

 value="0"

/><prop

 id="85"

 atom="7"

 value="1"

/><prop

 id="86"

 atom="12"

 value="0"

/><prop

 id="87"

 atom="35"

 value="0"

/><prop

 id="88"

 atom="33"

 value="0"

/><prop

 id="89"

 atom="16"

 value="0"

/><prop

 id="90"

 atom="24"

 value="-0.5"

/><prop

 id="91"

 atom="30"

 value="0"

/><prop

 id="92"

 atom="8"

 value="0"

/><prop

 id="93"

 atom="22"

 value="-0.5"

/><prop

 id="94"

 atom="37"

 value="0"

/><prop

 id="95"

 atom="39"

 value="0"

/><prop

 id="96"

 atom="14"

 value="0"

/></atomprop><attachmentCoordinates

 id="40"

 attAttAtom="7"

 attAngleAtom="8"

 attThirdAtom="10"

 attOtherAtom="12"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="41"

 attAttAtom="7"

 attAngleAtom="8"

 attThirdAtom="10"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="42"

 attAttAtom="7"

 attAngleAtom="8"

 attThirdAtom="12"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="43"

 attAttAtom="7"

 attAngleAtom="10"

 attThirdAtom="12"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="44"

 attAttAtom="8"

 attAngleAtom="7"

 attThirdAtom="16"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="45"

 attAttAtom="8"

 attAngleAtom="7"

 attThirdAtom="16"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="46"

 attAttAtom="8"

 attAngleAtom="7"

 attThirdAtom="18"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="47"

 attAttAtom="8"

 attAngleAtom="16"

 attThirdAtom="18"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="48"

 attAttAtom="16"

 attAngleAtom="8"

 attThirdAtom="22"

 attOtherAtom="24"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="49"

 attAttAtom="18"

 attAngleAtom="8"

 attThirdAtom="26"

 attOtherAtom="28"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="50"

 attAttAtom="18"

 attAngleAtom="8"

 attThirdAtom="26"

 attOtherAtom="30"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="51"

 attAttAtom="18"

 attAngleAtom="8"

 attThirdAtom="28"

 attOtherAtom="30"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="52"

 attAttAtom="18"

 attAngleAtom="26"

 attThirdAtom="28"

 attOtherAtom="30"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="53"

 attAttAtom="26"

 attAngleAtom="18"

 attThirdAtom="10"

 attOtherAtom="33"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="54"

 attAttAtom="26"

 attAngleAtom="18"

 attThirdAtom="10"

 attOtherAtom="35"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="55"

 attAttAtom="26"

 attAngleAtom="18"

 attThirdAtom="33"

 attOtherAtom="35"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="56"

 attAttAtom="26"

 attAngleAtom="10"

 attThirdAtom="33"

 attOtherAtom="35"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="57"

 attAttAtom="10"

 attAngleAtom="7"

 attThirdAtom="26"

 attOtherAtom="37"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="58"

 attAttAtom="10"

 attAngleAtom="7"

 attThirdAtom="26"

 attOtherAtom="39"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="59"

 attAttAtom="10"

 attAngleAtom="7"

 attThirdAtom="37"

 attOtherAtom="39"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="60"

 attAttAtom="10"

 attAngleAtom="26"

 attThirdAtom="37"

 attOtherAtom="39"

 attAngle="181"

 attAngleType="-1"

/></model></C3XML>


_1271574853.txt
<C3XML

 version="11.0"

><model

 id="1"

 showAtomSymbol="Hide"

 showAtomSerialNumber="Hide"

 showAtomDots="Hide"

 objectDisplayMode="BallAndStick"

 colorByMode="ColorByElement"

 backgroundColor="0xffff8000"

 backgroundShape="10"

 backgroundShapeColor="0xff000000"

 backgroundPicAlign="0"

 backgroundPicOffset="0 0"

 backgroundPicAlpha="255"

 backgroundPicTransparent="no"

 backgroundPicTransColor="0xffffffff"

 selectedColor="0xff00ffff"

 alphaHelixColor="0xffff5780"

 betaSheetColor="0xffc00024"

 coilColor="0xffff57c0"

 nucleicAcidColor="0xffc0c000"

 labelFontName="Times New Roman"

 labelFontSize="12"

 labelFontColor="0xff000000"

 sphereSizeBy="SizeByRadius"

 sphereSizeScale="25"

 dotsSizeBy="SizeByRadius"

 dotsDensity="50"

 buildingAutoRectify="yes"

 buildingAutoCleanupAtomTypes="yes"

 buildingAutoApplyStandards="yes"

 buildingAutoCenter="yes"

 macroMol="no"

 buildingBondProximatePercent="10"

 hydrogenAtomDisplayMode="HideHydrogens"

 hydrogenBondDisplayMode="HideHydrogenBonds"

 lonePairDisplayMode="ShowAllLonePairs"

 showResidueLabels="no"

 displayDelocalizedSystems="yes"

><view

 id="2"

 viewScaleFactor="65.7007"

 viewWidthPixels="1043"

 viewHeightPixels="624"

 viewTransform=" 0.666778 0.100748 -0.738415 0 -0.683212 -0.313166 -0.659658 0 -0.297706 0.944339 -0.13998 0 0 0 0 1"

 fieldOfView="0.785398"

 stereoMode="Disabled"

 viewFocusCenter="25.1676 23.3808 43.048"

 viewOffset="-0.0304411 -0.395734 0"

/><group

 id="3"

 isCollapsed="yes"

 groupName="Main"

><fragment

 id="4"

 groupName="Before"

 groupID="1"

><atom

 id="13"

 atType="H Ammonium"

 symbol="H"

 userNum="17"

 cartCoords="25.3339 21.6884 44.3626"

/><atom

 id="15"

 atType="C Carboxylate"

 symbol="C"

 userNum="3"

 cartCoords="25.5416 23.1774 41.8786"

/><atom

 id="21"

 atType="O Carboxylate"

 symbol="O"

 userNum="4"

 cartCoords="25.0879 23.3977 40.908"

 charge="-0.5"

/><atom

 id="17"

 atType="C Alkane"

 symbol="C"

 userNum="5"

 cartCoords="23.9912 23.9251 43.1583"

/><atom

 id="25"

 atType="C Alkane"

 symbol="C"

 userNum="6"

 cartCoords="24.3322 24.3558 44.3704"

/><atom

 id="9"

 atType="C Alkane"

 symbol="C"

 userNum="7"

 cartCoords="25.3259 23.5655 44.8402"

/><atom

 id="23"

 atType="O Carboxylate"

 symbol="O"

 userNum="8"

 cartCoords="26.6339 23.1677 42.0145"

 charge="-0.5"

 formalCharge="-1"

/><atom

 id="19"

 atType="H"

 symbol="H"

 userNum="10"

 cartCoords="24.2248 22.0847 42.7077"

/><atom

 id="32"

 atType="H"

 symbol="H"

 userNum="13"

 cartCoords="24.6405 25.2718 44.3171"

/><atom

 id="6"

 atType="N Ammonium"

 symbol="N"

 userNum="1"

 cartCoords="25.5443 22.6277 43.9557"

 charge="1"

 formalCharge="1"

/><atom

 id="34"

 atType="H"

 symbol="H"

 userNum="14"

 cartCoords="23.5677 24.3062 44.962"

/><atom

 id="11"

 atType="H Ammonium"

 symbol="H"

 userNum="9"

 cartCoords="26.4559 22.6432 43.688"

/><atom

 id="27"

 atType="H"

 symbol="H"

 userNum="11"

 cartCoords="24.1498 24.6162 42.4994"

/><atom

 id="7"

 atType="C Alkane"

 symbol="C"

 userNum="2"

 cartCoords="24.7655 22.8613 42.9114"

/><atom

 id="29"

 atType="H"

 symbol="H"

 userNum="12"

 cartCoords="23.0572 23.6717 43.1423"

/><atom

 id="36"

 atType="H"

 symbol="H"

 userNum="15"

 cartCoords="26.1294 24.0893 44.9694"

/><atom

 id="38"

 atType="H"

 symbol="H"

 userNum="16"

 cartCoords="25.0602 23.1683 45.6819"

/><bond

 id="5"

 bondAtom1="6"

 bondAtom2="7"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="8"

 bondAtom1="9"

 bondAtom2="6"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="10"

 bondAtom1="6"

 bondAtom2="11"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="12"

 bondAtom1="6"

 bondAtom2="13"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="14"

 bondAtom1="7"

 bondAtom2="15"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="16"

 bondAtom1="7"

 bondAtom2="17"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="18"

 bondAtom1="7"

 bondAtom2="19"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="20"

 bondAtom1="15"

 bondAtom2="21"

 bondOrderType="15"

 bondOrder="2"

/><bond

 id="22"

 bondAtom1="15"

 bondAtom2="23"

 bondOrderType="15"

 bondOrder="1"

/><bond

 id="24"

 bondAtom1="17"

 bondAtom2="25"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="26"

 bondAtom1="17"

 bondAtom2="27"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="28"

 bondAtom1="17"

 bondAtom2="29"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="30"

 bondAtom1="25"

 bondAtom2="9"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="31"

 bondAtom1="25"

 bondAtom2="32"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="33"

 bondAtom1="25"

 bondAtom2="34"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="35"

 bondAtom1="9"

 bondAtom2="36"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="37"

 bondAtom1="9"

 bondAtom2="38"

 bondOrderType="0"

 bondOrder="1"

/></fragment></group><atomprop

 id="61"

 name="Atom Type"

 source="MM2"

 type="String"

 modeldependent="no"

/><atomprop

 id="62"

 name="Charge"

 source="MM2"

 type="Double"

 modeldependent="no"

/><attachmentCoordinates

 id="40"

 attAttAtom="6"

 attAngleAtom="7"

 attThirdAtom="9"

 attOtherAtom="11"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="41"

 attAttAtom="6"

 attAngleAtom="7"

 attThirdAtom="9"

 attOtherAtom="13"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="42"

 attAttAtom="6"

 attAngleAtom="7"

 attThirdAtom="11"

 attOtherAtom="13"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="43"

 attAttAtom="6"

 attAngleAtom="9"

 attThirdAtom="11"

 attOtherAtom="13"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="44"

 attAttAtom="7"

 attAngleAtom="6"

 attThirdAtom="15"

 attOtherAtom="17"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="45"

 attAttAtom="7"

 attAngleAtom="6"

 attThirdAtom="15"

 attOtherAtom="19"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="46"

 attAttAtom="7"

 attAngleAtom="6"

 attThirdAtom="17"

 attOtherAtom="19"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="47"

 attAttAtom="7"

 attAngleAtom="15"

 attThirdAtom="17"

 attOtherAtom="19"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="48"

 attAttAtom="15"

 attAngleAtom="7"

 attThirdAtom="21"

 attOtherAtom="23"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="49"

 attAttAtom="17"

 attAngleAtom="7"

 attThirdAtom="25"

 attOtherAtom="27"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="50"

 attAttAtom="17"

 attAngleAtom="7"

 attThirdAtom="25"

 attOtherAtom="29"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="51"

 attAttAtom="17"

 attAngleAtom="7"

 attThirdAtom="27"

 attOtherAtom="29"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="52"

 attAttAtom="17"

 attAngleAtom="25"

 attThirdAtom="27"

 attOtherAtom="29"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="53"

 attAttAtom="25"

 attAngleAtom="17"

 attThirdAtom="9"

 attOtherAtom="32"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="54"

 attAttAtom="25"

 attAngleAtom="17"

 attThirdAtom="9"

 attOtherAtom="34"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="55"

 attAttAtom="25"

 attAngleAtom="17"

 attThirdAtom="32"

 attOtherAtom="34"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="56"

 attAttAtom="25"

 attAngleAtom="9"

 attThirdAtom="32"

 attOtherAtom="34"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="57"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="25"

 attOtherAtom="36"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="58"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="25"

 attOtherAtom="38"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="59"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="36"

 attOtherAtom="38"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="60"

 attAttAtom="9"

 attAngleAtom="25"

 attThirdAtom="36"

 attOtherAtom="38"

 attAngle="181"

 attAngleType="-1"

/></model></C3XML>


_1271574850.txt
<C3XML

 version="11.0"

><model

 id="1"

 showAtomSymbol="Hide"

 showAtomSerialNumber="Hide"

 showAtomDots="Hide"

 objectDisplayMode="BallAndStick"

 colorByMode="ColorByElement"

 backgroundColor="0xffff8000"

 backgroundShape="10"

 backgroundShapeColor="0xff000000"

 backgroundPicAlign="0"

 backgroundPicOffset="0 0"

 backgroundPicAlpha="255"

 backgroundPicTransparent="no"

 backgroundPicTransColor="0xffffffff"

 selectedColor="0xff00ffff"

 alphaHelixColor="0xffff5780"

 betaSheetColor="0xffc00024"

 coilColor="0xffff57c0"

 nucleicAcidColor="0xffc0c000"

 labelFontName="Times New Roman"

 labelFontSize="12"

 labelFontColor="0xff000000"

 sphereSizeBy="SizeByRadius"

 sphereSizeScale="25"

 dotsSizeBy="SizeByRadius"

 dotsDensity="50"

 buildingAutoRectify="yes"

 buildingAutoCleanupAtomTypes="yes"

 buildingAutoApplyStandards="yes"

 buildingAutoCenter="yes"

 macroMol="no"

 buildingBondProximatePercent="10"

 hydrogenAtomDisplayMode="ShowAllHydrogens"

 hydrogenBondDisplayMode="HideHydrogenBonds"

 lonePairDisplayMode="ShowAllLonePairs"

 showResidueLabels="no"

 displayDelocalizedSystems="yes"

><view

 id="2"

 viewScaleFactor="53.061"

 viewWidthPixels="926"

 viewHeightPixels="470"

 viewTransform=" 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1"

 fieldOfView="0.785398"

 stereoMode="Disabled"

 viewFocusCenter="11.6936 49.7248 49.041"

 viewOffset="0 0 0"

/><group

 id="3"

 isCollapsed="yes"

 groupName="Main"

><fragment

 id="4"

 groupName="Fragment"

 groupID="1"

><atom

 id="5"

 atType="N Ammonium"

 symbol="N"

 userNum="1"

 cartCoords="12.383 48.795 49.499"

 charge="1"

 formalCharge="1"

/><atom

 id="6"

 atType="C Alkane"

 symbol="C"

 userNum="2"

 cartCoords="11.506 49.058 48.323"

/><atom

 id="7"

 atType="C Carboxylate"

 symbol="C"

 userNum="3"

 cartCoords="12.38 49.414 47.16"

/><atom

 id="8"

 atType="O Carboxylate"

 symbol="O"

 userNum="4"

 cartCoords="11.869 49.662 46.067"

 charge="-0.5"

/><atom

 id="9"

 atType="C Alkane"

 symbol="C"

 userNum="5"

 cartCoords="10.634 50.256 48.601"

/><atom

 id="10"

 atType="C Alkane"

 symbol="C"

 userNum="6"

 cartCoords="11.018 50.741 49.966"

/><atom

 id="11"

 atType="C Alkane"

 symbol="C"

 userNum="7"

 cartCoords="12.137 49.851 50.495"

/><atom

 id="12"

 atType="O Carboxylate"

 symbol="O"

 userNum="8"

 cartCoords="13.61 49.403 47.313"

 charge="-0.5"

 formalCharge="-1"

/><atom

 id="13"

 atType="H Ammonium"

 symbol="H"

 userNum="9"

 cartCoords="12.1502 47.8387 49.9188"

/><atom

 id="14"

 atType="H"

 symbol="H"

 userNum="10"

 cartCoords="10.8971 48.1835 48.0936"

/><atom

 id="15"

 atType="H"

 symbol="H"

 userNum="11"

 cartCoords="10.8126 51.0342 47.859"

/><atom

 id="16"

 atType="H"

 symbol="H"

 userNum="12"

 cartCoords="9.5822 49.9706 48.583"

/><atom

 id="17"

 atType="H"

 symbol="H"

 userNum="13"

 cartCoords="11.3652 51.7725 49.906"

/><atom

 id="18"

 atType="H"

 symbol="H"

 userNum="14"

 cartCoords="10.1571 50.6851 50.6322"

/><atom

 id="19"

 atType="H"

 symbol="H"

 userNum="15"

 cartCoords="13.0419 50.4409 50.6406"

/><atom

 id="20"

 atType="H"

 symbol="H"

 userNum="16"

 cartCoords="11.8378 49.4037 51.4429"

/><atom

 id="21"

 atType="H Ammonium"

 symbol="H"

 userNum="17"

 cartCoords="13.4095 48.8124 49.1975"

/><bond

 id="22"

 bondAtom1="5"

 bondAtom2="6"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="23"

 bondAtom1="11"

 bondAtom2="5"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="24"

 bondAtom1="5"

 bondAtom2="13"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="25"

 bondAtom1="5"

 bondAtom2="21"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="26"

 bondAtom1="6"

 bondAtom2="7"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="27"

 bondAtom1="6"

 bondAtom2="9"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="28"

 bondAtom1="6"

 bondAtom2="14"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="29"

 bondAtom1="7"

 bondAtom2="8"

 bondOrderType="15"

 bondOrder="2"

/><bond

 id="30"

 bondAtom1="7"

 bondAtom2="12"

 bondOrderType="15"

 bondOrder="1"

/><bond

 id="31"

 bondAtom1="9"

 bondAtom2="10"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="32"

 bondAtom1="9"

 bondAtom2="15"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="33"

 bondAtom1="9"

 bondAtom2="16"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="34"

 bondAtom1="10"

 bondAtom2="11"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="35"

 bondAtom1="10"

 bondAtom2="17"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="36"

 bondAtom1="10"

 bondAtom2="18"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="37"

 bondAtom1="11"

 bondAtom2="19"

 bondOrderType="0"

 bondOrder="1"

/><bond

 id="38"

 bondAtom1="11"

 bondAtom2="20"

 bondOrderType="0"

 bondOrder="1"

/></fragment></group><atomprop

 id="60"

 name="Atom Type"

 source="MM2"

 type="String"

 modeldependent="no"

><prop

 id="61"

 atom="5"

 value="N Ammonium"

/><prop

 id="62"

 atom="6"

 value="C Alkane"

/><prop

 id="63"

 atom="7"

 value="C Carboxylate"

/><prop

 id="64"

 atom="8"

 value="O Carboxylate"

/><prop

 id="65"

 atom="9"

 value="C Alkane"

/><prop

 id="66"

 atom="10"

 value="C Alkane"

/><prop

 id="67"

 atom="11"

 value="C Alkane"

/><prop

 id="68"

 atom="12"

 value="O Carboxylate"

/><prop

 id="69"

 atom="13"

 value="H Ammonium"

/><prop

 id="70"

 atom="14"

 value="H"

/><prop

 id="71"

 atom="15"

 value="H"

/><prop

 id="72"

 atom="16"

 value="H"

/><prop

 id="73"

 atom="17"

 value="H"

/><prop

 id="74"

 atom="18"

 value="H"

/><prop

 id="75"

 atom="19"

 value="H"

/><prop

 id="76"

 atom="20"

 value="H"

/><prop

 id="77"

 atom="21"

 value="H Ammonium"

/></atomprop><atomprop

 id="78"

 name="Charge"

 source="MM2"

 type="Double"

 modeldependent="no"

><prop

 id="79"

 atom="5"

 value="1"

/><prop

 id="80"

 atom="6"

 value="0"

/><prop

 id="81"

 atom="7"

 value="0"

/><prop

 id="82"

 atom="8"

 value="-0.5"

/><prop

 id="83"

 atom="9"

 value="0"

/><prop

 id="84"

 atom="10"

 value="0"

/><prop

 id="85"

 atom="11"

 value="0"

/><prop

 id="86"

 atom="12"

 value="-0.5"

/><prop

 id="87"

 atom="13"

 value="0"

/><prop

 id="88"

 atom="14"

 value="0"

/><prop

 id="89"

 atom="15"

 value="0"

/><prop

 id="90"

 atom="16"

 value="0"

/><prop

 id="91"

 atom="17"

 value="0"

/><prop

 id="92"

 atom="18"

 value="0"

/><prop

 id="93"

 atom="19"

 value="0"

/><prop

 id="94"

 atom="20"

 value="0"

/><prop

 id="95"

 atom="21"

 value="0"

/></atomprop><attachmentCoordinates

 id="39"

 attAttAtom="5"

 attAngleAtom="6"

 attThirdAtom="11"

 attOtherAtom="13"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="40"

 attAttAtom="5"

 attAngleAtom="6"

 attThirdAtom="11"

 attOtherAtom="21"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="41"

 attAttAtom="5"

 attAngleAtom="6"

 attThirdAtom="13"

 attOtherAtom="21"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="42"

 attAttAtom="5"

 attAngleAtom="11"

 attThirdAtom="13"

 attOtherAtom="21"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="43"

 attAttAtom="6"

 attAngleAtom="5"

 attThirdAtom="7"

 attOtherAtom="9"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="44"

 attAttAtom="6"

 attAngleAtom="5"

 attThirdAtom="7"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="45"

 attAttAtom="6"

 attAngleAtom="5"

 attThirdAtom="9"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="46"

 attAttAtom="6"

 attAngleAtom="7"

 attThirdAtom="9"

 attOtherAtom="14"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="47"

 attAttAtom="7"

 attAngleAtom="6"

 attThirdAtom="8"

 attOtherAtom="12"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="48"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="10"

 attOtherAtom="15"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="49"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="10"

 attOtherAtom="16"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="50"

 attAttAtom="9"

 attAngleAtom="6"

 attThirdAtom="15"

 attOtherAtom="16"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="51"

 attAttAtom="9"

 attAngleAtom="10"

 attThirdAtom="15"

 attOtherAtom="16"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="52"

 attAttAtom="10"

 attAngleAtom="9"

 attThirdAtom="11"

 attOtherAtom="17"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="53"

 attAttAtom="10"

 attAngleAtom="9"

 attThirdAtom="11"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="54"

 attAttAtom="10"

 attAngleAtom="9"

 attThirdAtom="17"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="55"

 attAttAtom="10"

 attAngleAtom="11"

 attThirdAtom="17"

 attOtherAtom="18"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="56"

 attAttAtom="11"

 attAngleAtom="10"

 attThirdAtom="5"

 attOtherAtom="19"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="57"

 attAttAtom="11"

 attAngleAtom="10"

 attThirdAtom="5"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="1"

/><attachmentCoordinates

 id="58"

 attAttAtom="11"

 attAngleAtom="10"

 attThirdAtom="19"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="-1"

/><attachmentCoordinates

 id="59"

 attAttAtom="11"

 attAngleAtom="5"

 attThirdAtom="19"

 attOtherAtom="20"

 attAngle="181"

 attAngleType="1"

/></model></C3XML>


Sheet1

		Table 1: The Steric Energy of Proline

				Before Energy Minimization:		After Energy Minimization:

		Stretch:		2.8095		0.2446

		Bend:		2.2823		3.8755

		Stretch-Bend:		-0.0179		-0.0187

		Torsion:		12.7342		5.6836

		Non-1,4 VDW:		-0.1464		-0.3015

		1,4 VDW:		5.9395		3.3541

		Dipole/Dipole:		0		0

		Total Energy:		-50.2521		-63.9696






