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IMPORTANCE: 
A protein’s structure determines its function
By knowing a protein’s structure and how that structure influences function, we can either promote beneficial proteins or inhibit harmful proteins
BASICS: 
A protein is made up of a chain of amino acids
all amino acids have the structure shown with an amine group, a carboxyl group and a functional group. 
The carbon at the center is known as the alpha carbon. 
The two angles which allow for amino acid and therefore protein flexibility are phi and psi as labeled the in figure at the bottom. 
DNA/RNA
even though we only considered the manipulation of protein structure some of the systems that I studied contained DNA and/or RNA. The only thing about Nucleic Acid that you’ll have to keep in mind is that its made up of a chain of nucleotides which have the structure shown. DNA is a double helix while RNA is a single strand of nucleotides. 



http://DisProt.wsu.edu
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Intrinsically disordered proteins are a class of proteins which have flexible linker regions 
IMPORTANCE: well why do we want to learn about these types of proteins?
“approximately 20-30 percent of the proteins encoded by the eukaryotic genome have regions that are structurally ill-defined and thus 1000s of proteins are intrinsically disordered[1, 2, 3].”
studying these proteins would give us a better insight into the functions of eukaryotic organisms. 
EXAMPLES: 
Muscle proteins: Titin which deals with muscle contraction
Details + interesting example
Viral Assembly proteins: GAG: deals with the assembly of the human immunodeficiency virus
STRUCTURE: 
Its hard to determine the structure of these types of proteins using x-ray crystallography or NMR
These structures can, however, be determined using Small Angle X-ray Scattering and Small Angle Neutron Scattering. 
 INSERT MOVIE OF DCD + DENSITY PLOTS
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We use a technique called SANS to derive structural models for the various segments and the gag protein as a whole.
neutron beams are directed at a sample and scattered off the nuclei at various angles. Based on the scattering pattern we can determine the shape of the molecules in the sample.
The typical sans profile is integrated intensity as a function of angle. The two dimensional data is integrated into a one dimensional scattering profile. 
This graph can tell us a lot of structural details about our sample: 
For instance: the slope of the low Q region tell us about the Rg (or radius of gyration), or relative size of the molecules in the sample. 




SASSIE
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So after we gather SANS or SAXS data, how do we convert it to actual atomistic models of what the proteins in a sample look like?
Previously, SANS and SAXS data was interpreted using coarse analytical model void of atomistic information 
We are developing a program called SASSIE  at the NCNR for the user community to model biological molecules for SANS, SAXS, EM and NMR work. 
Generates a set of energetically allowed structures
Generates Small Angle Neutron Scattering profiles for all theoretical structures
Allows for a comparison of the theoretical SANS profiles with experimental SANS profiles. This allows us to determine structures which best match experimental data. 
Finally it generates density plots of our system to represent the ensemble of possible structures
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STRUCTURE GENERATION: the focus of my work this summer dealt mainly with the first module of SASSIE – the dihedral structure generator. 
Trial Protein structures are generated by rotating phi and psi angles. BUT – there are limitations…
These angles are limited by other various intermolecular forces. 
ENERGETICS EQUATION: 
the complete potential energy equation includes several terms to account for bonding and through space interactions
The pertinent energetics here involve the listed equation: V = V(VDW) + V(Dihedral)
The first term V(VDW) deals with van der waals forces and prevents for overlap of atoms. 
The second which is written more explicitly on the second line deals with the rotation of phi and psi angles. 
CONTOUR PLOT: 
The phi and psi angles sampled with our program correspond well to those determined experimentally using NMR
Qualitatively equivalent


Other notes
NMR predominantly samples structured regions, where we are presenting only the unstructured regions.
minimize
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ALGORITHM:
Gets a pdb file – xyz positions + atom names
Selects random phi and psi angles
Checks if these angles are energetically allowed
Checks for overlap
Measures these angles from current position and records coordinates of new position after rotation
Saves remaining coordinates 





Gag: Motivation and Methods
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PAUSE
Now I’m going to talk about a system to which we’ve applied and expanded these methods
The HIV gag protein shown here (point) is a crucial structural protein of the virus particle (point again)
It has been determined at NIST that this protein is compact in solution but cryo-EM (point) structural studies have shown that it is extended in the virus particle. 
Because its expressed in the cytoplasm (in solution), it clearly needs to go from a compact to an extended conformation for proper viral assembly. 
The molecular mechanism of this assembly is unknown.
So naturally, if we can prevent the function of this protein, we can prevent the formation of new viral particles and essentially inhibit the spread of HIV.
So how do we study this protein:
TECHNIQUE:
We use a technique called SANS to derive structural models for the various segments and the gag protein as a whole.
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The gag protein has 4 main domains and 4 flexible linkers as labeled:
Matrix domain: MA – responsible for membrane binding
Capsid domain: NTD, CTD
Neucleo-Capsid domain: NC
Four flexible linkers as labeled by the arrows

SASSIE was used to generate structures of the gag protein which were filtered for the best and worst structures: 
The best x2 is about 0.85 with an Rg of 35, whereas the worst x2 is 17 with an Rg of 59. 
The experimental Rg was about 34 +/- 1, so our best is a great fit.
From SASSIE we were able to generate density plots of the protein:
On the left is a plot of all protein configurations generated, and on the right is a plot of structures that best fit our experimental data.
As you can see, the structures that best fit the data are compact. 
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The next question is: whether or not this compact state of the full protein is inherent or is it a function of the individual segments.
The different segments that we’ve studied are: point point point
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We use SASSIE to generate thousands of configurations.
To the left a plot of Rg vs. chi-square which is a measure of the quality of fit of the theoretical sans profiles (generated by SASSIE) to the experimental sans data as a function of their Rg. PAUSE
The minimum in this plot corresponds to the experimental Rg
When we look at the best and worst structures –the best structure on the left – is not fully compact, while the worst – at the right– is compact. 
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For NTD-CTD – we see that again 
The minimum in this plot corresponds to the experimental Rg
When we look at the best and worst structures –the best structure – is not fully compact, while the worst – at the right is. 
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For NTD-CTD-NC – the same trend continues
PAUSE
We come to the general conclusion for Gag that the compact configuration in solution is not inherent of the subunits, that it’s a property of the full protein.

NOTES: 
Why is the fit off: we haven’t sampled enough structures – but we believe in our conclusion because the structures with smaller Rgs have larger chi-square.




Types of Systems
Homogenous or Heterogeneous

HIV IntegraseGag Dimer
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PAUSE
-The next step is to look at more complicated systems: such as multi-segment proteins and/or protein-nucleic acid complexes. Therefore we have to extend the capabilities of SASSIE to handle such systems.
Homogenous systems are those where two molecules of the same type are interacting (protein-protein, dna-dna etc) 
One example of this is seen in the dimerization of the Gag Protein. 
This interaction may be key to its function in viral assembly and so emphasizes the importance of protein structure research. 
Heterogeneous systems are those where two molecules of different type are interacting (protein-dna, protein-rna, dna-rna etc) 
HIV Integrase is an example of a heterogenous system. 
This protein is involved in integrating  the HIV cDNA into the host genome for replication. 
So again, if we know the structure of key viral proteins and we can identify areas of interaction with other molecules that promote its function, we could potentially inhibit the negative effects of a given virus. 

The main technical problem with applying SASSIE to such systems is that we need to allow for close contact between atoms in the interacting segments which would otherwise be disallowed by the SASSIE energetics/overlap functions.
This is handled by identifying interaction between segments in a system to be ignored in the overlap check.
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To simplify and expedite the computation, we chose a limited representative atomic basis for the atoms involved in the interaction.
So how do we determine which regions of two segments are interactions? 
 Start with 3-D coordinates of all the atoms in a system.
We then select an interaction basis for each type of segment. 
For proteins we chose the C-alpha atom, for nucleic acids we chose P, N1 and N3
Next we measure the distance in 3D space between every basis atom of one segment and every basis atom of the other segment. 
For cases where there were more than two segments, we measured all possible basis distances between all possible segment pairs. 
Then we checked if this distance was below a user defined cutoff. If it was then that atom pair was said to be interacting.

NOTES:
WHY CA: (could’ve been Nitrogen or carbonyl) 
Its in the backbone of every protein
Numerical efficiency (we don’t have to look at every single atom)
Minimization: reduces overlap of side chains but doesn’t change SANS spectra. 
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So where does the new identifying interactions algorithm fit into the overall dihedral generate module? 
This module follows almost the same algorithm as described before with a couple of major changes:
ID interaction: where the new code allows SASSIE to identify
The number of unique molecules or segments in a system
Generates a list of all possible combinations of molecules
Tests for interaction in all segment pairs.
Align: the modifications in this function allow SASSIE to more efficiently and quickly rotate proteins to generate new structures
With those key modifications in the Dihedral generate module, we can now deal with much more complicated systems and we can do it with greater efficiency than we could in the past.
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There is evidence that gag can form dimers (or higher order assemblies) in solution.
It is not know if these dimers are aligned in solution as they are in the virus particle.
Two possibilities have been proposed in literature: 
First, gag remains compact as a dimer and through unknown processes extends to form the virus particle.
Second, dimerization induces the alignment and extension in solution prior to forming the virus particle. 
So we’ve started studying the gag dimer in solution using SANS and interpreting the data using SASSIE.
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Here is a x2 vs rg plot for the gag dimer. 
We found that the minimum on this plot corresponds to the experimental Rg.
The best fits match the experimental data extremely well. 
We find that the best fit structure is neither completely compact nor completely extended.
There is no evidence that the dimers are aligned in solution as they are in the virus particle.

NOTES: 
The two clusters of structures at the bottom are two independent studies where the x2 and Rg were limited. 
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- The results imply that other factors are involved in the alignment and assembly of gag monomers into the virus particle. We’re not sure if that continues in solution or requires a membrane surface. Studying higher order oligomers (trimer, four-mer, five-mer etc) in solution and gag on membranes are ongoing investigations in our lab. 
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MCM: is the minichromosome maintenance protein
This protein is an example of a 12-mer or has 12 segments which we can now study with the enhanced version of SASSIE.
HIV Integrase:
it catalyzes the incorporation of Human Immunodeficiency Virus (HIV) cDNA into the host genome, which I mentioned earlier.
We’ve carried out SANS measurements on this protein, so all that’s left is to use the new version of the generate module to find models that fit our data.
Finally, these are just two example of a non monomer or dimer case
 With the new algorithm, we can look at pretty much any n-mer case of n-segments systems – which is a pretty big step towards understanding the thousands of intrinsically disordered proteins and heterogenous complexes. 

INTEGRASE NOTE: the picture shows just the starting structure.
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So we’ve actually been able to generate some results with the latest version of the generate module. 
Previously with the old algorithm, we got very synchronized movements of the 12 tails of the MCM 12-mer. 
With the new algorithm, we can move these tails independently and hopefully arrive at best structures that more precisely match the experimental data.
This slide is not done yet – I’ve yet to add a video of the new group of structures.



Before the new interactions algorithm, somewhere around the first version of SASSIE, we found that the protein looked something like this: 
It’s not even close to what we know proteins to look like – but the numbers matched what we asked SASSIE to generate: 
The entire gag protein is about 100 angstroms long with the thickness that’s listed. 
BUT – with years of revision, we were able to study the protein more thoroughly 
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