CHAPTER 7

Three-dimensional Reconstruction of a Truncated 54 Transcription-activator, PspFHTH 

7.1 Overview
E54 transcription activators form a discrete family in the superfamily of G-proteins known as AAA+ proteins (ATPases associated with various cellular activities). Herein, is presented the preliminary structure of an oligomer of a mutant E54 transcription activator, PspFHTH, derived using cryo-electron microscopy and single particle analysis.  The oligomeric structure, created by the addition of an ATP analogue, was resolved to ~20Ǻ resolution, is comprised of six individual dimers that are arranged with D3 symmetry. However, the oligomeric organisation of PspFHTH does not conform to the standard hexameric organisation observed for other members of the AAA+ superfamily, nor a heptametric organisation as observed for NtrC, a closely related 54 transcription activators.  From the evidence presented, it appears that this structure may represent a novel arrangement for the AAA+ superfamily, although alternative reasons why the organisation is atypical are discussed. As such, future directions as to how ambiguities may be resolved are presented.

7.2 Introduction
54-transciption activators within the AAA+ superfamily

The E54 has the absolute requirement for transcription activator proteins.  These activators remodel the DNA-E54 complex so that an open complex can be formed, rather than directly melting the DNA.  These transcription activators are known as enhancer-binding proteins.  This mechanism of transcription activation is thought to vary transcriptional efficiency over a wide range [Buck, 2000 #7].  

All the enhancer binding proteins contain a domain that is a member of the superfamily of G-proteins known as AAA+ (ATPases associated with various cellular activities) [Neuwald, 1999 #681; Ogura, 2001 #682].  The hallmark of the AAA+ superfamily is the presence of a sequence stretch of ~250 amino acids that contains three motifs:  The mononucleotide binding Walker A motif (GESGTGK, which is glycine rich with the lysine implicated to be in close proximity to the (–phosphoryl group of ATP [Zhang, 2002 #672]), the Walker B motif and the “Sensor II” region (which can be present in one (termed type I) or two (termed type II) copies per protein) [Zhang, 2002 #672].   All AAA+ domains are comprised of two subdomains; an (/ subdomain and a smaller -helical subdomain.  The / subdomain is typical of P-loop NTPases, while the -heilcal subdomain is a distinctive feature of AAA+ ATPases.  The AAA+ domain is found in a variety of proteins that perform a diverse set of functions that includes chaperones, membrane fusion, peroxisome biogenesis, assembly of mitochondrial membrane proteins, cell cycle control, mitotic spindle formation, cytoskeletal interactions, vesicle secretion, signal transduction and transcription activation.  In general, AAA+ proteins form large oligomeric complexes that are nearly always configured in a hexameric ring like structure [Vale, 2000 #684].  Such rings are created using one of the following three mechanisms: reversible assembly of monomers or dimers, constant oligomerisation or ring formation from six repeated AAA+ domains in a single polypeptide. The family of 54-transciption activators are formed using the first mechanisms.

The 54 transcription activators are end signal relays in signal transduction pathways.  A common feature of prokaryotes and eukaryotes signal transduction pathways in the transfer of phosphoryl groups between proteins [North, 1993 #703], see figure 7.1.    The nitrogen regulatory protein C (NtrC), which is involved in the activation of a variety of genes involved in nitrogen utilization [Carmona, 1996 #704; North, 1993 #703], is the prototypical 54 transcription activator (also knonwn as enhancer binding protein).  NtrC contains three domains, the central AAA+ domain, a N-terminal domain that receives the activation signal and a C-terminal domain that is required for DNA binding (a HTH domain).   The central domain is the effector or AAA+ domain and is critical for transcription activation.  However, in the case of NtrC, oligomerisation, ATP binding and activation only occurs once the regulator domain has become phosphorylated.   A conserved motif found uniquely in the 54 activator AAA domain, the GAFTGA motif, is responsible for interacting with 54.  How ATP hydrolysis is coupled to DNA melting is an area of intense research.    The GAFTGA motif is located in a module of the domain that undergoes movement upon ATP hydrolysis.  The remodelling of protein surfaces during ATP hydrolysis increase binding and results in remodelling of 54 that enable the formation of a competent transcription complex.

[image: image1.wmf]
Figure 7.1 - Many environmental signals are received and transmitted to the transcription apparatus by pairs of proteins that are united in a large family known as the two-component regulatory proteins [Stock, 1989 #718; Mizuno, 1998 #717]. In the case of two-component regulation, the stimulus is normally transferred from a group of proteins known as histidine kinases (HK) to another group of proteins known as response regulators (RR) [Stock, 1989 #718; Mizuno, 1998 #717].
Recently, two structures of fragments of NtrC have been solved.  One structure contained of the N-terminal two domains in a dimeric, head to head arrangement.  Intriguingly, the second structure was of the NtrC central AAA+ domain in an oligomeric ring containing seven promotmers, rather than the more common six.  The protomers were asymmetrically arranged in the ring, with inter-protomer interactions formed in a head to tail arrangement [Lee, 2003 #812].  Thus, if both of these structures reflect the native state of the NtrC complex, the protomers in the dimer must be fundamentally reoriented in the hepatmeric ring [Lee, 2003 #812].    
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Figure 7.2 – Cartoon of events that occur during the process of transcription initiation. Adapted from [Rombel, 1998 #708]

PspF-like 54-transciption activators

In contrast to NtrC, PspF (a homologue of NtrC) is constitutively active as it lacks the regulatory N-terminal domain [Jovanovic, 1996 #134].  PspF mediates transcription activation of the Ec pspABCDE operon [Jovanovic, 1996 #134]. The operon is strongly induced by infection with filamentous bacteriophages and presence of secretin proteins, which assist export of large protein complexes from the cell including virulence factors and type II and type III secretion systems [Elderkin, 2002 #679]. The operon encodes proteins that appear to help the cell adapt to changes in membrane integrity.  As PspF lacks a regulatory domain, regulation of the psp operon is achieved by a negative feedback mechanism, mediated by PspA which negatively regulates expression of the psp operon in a DNA-binding independent manor by interacting with the AAA+ domain of PspF which results in a conformational change that impairs the function of PspF [Elderkin, 2002 #679]. 
Chaney et al observed that PspF(HTH forms a single oligomer on that addition of ADP and AlF3 [Chaney, 1999 #245].  The ADP and AlF3 produce a complex that mimics the ATP hydrolysis transition state (ADP-aluminium fluoride) [Chaney, 2001 #558]. Gel filtration experiments on this oligomer were inconclusive to the size of the oligomer, but have put it in the range of 12 protomers  [Jovanovic, 1999 #693].
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Figure 7.3 – Schematic of the archetypical 54 transcription activator, NtrC, PspF and PspFHTH.  NtrC is comprised of three domains.  The regulatory domain, which is phosphorylated by NtrB.  The effector domain contains the homology to the AAA+ domain .  The third domain is the DNA binding domain, which has a helix-turn-helix structure (as revealed by NMR of the C-terminal domain of NtrC, et al[Pelton, 1999 #701] ).  PspF does not contain the regulatory domain, and is constitutively active.  The mutant studied here also lacks the DNA binding domain, and is known as PspFHTH

As the stoichiometry and symmetry of trapped PspF is unclear, it is possible to provide clues to the stoichiometry by looking at other members of the AAA ATPase superfamily.  NtrC, as mention previously forms an asymmetric heptamer, which is atypical for AAA+ oligomers. However, more classical oligomeric AAA+ arrangements may be possible.  The symmetry of rho [Yu, 2000 #691], P97 [Zhang, 2000 #698] RecA [Yu, 1997 #712] and F1-ATPase [Abrahams, 1994 #710] all demonstrated that a C6 or psuedo-C6 symmetry in the oligomeric state.  Each asymmetric unit was a monomer within these complexes.  Furthermore, both C3 and D3 symmetries have also been observed for other hexameric AAA+ ATPase proteins (reviewed in [Vale, 2000 #684; Zhang, 2002 #672]).  In the D3 symmetry, three subunits would be arranged such that they where orientated in one direction, whilst the other three subunits would face in the opposite direction.  In the case of the C6 or C3 symmetry, the subunits would be arranged in one plane, typically forming ring like structures (especially in the case of C6).  Therefore, it is important to determine whether the structure of PspFHTH is similar to the NtrC oligomer, other hexameric AAA+ oligomers, or whether it adopts an alternative, novel organisation.

Cryo-electron microscopy [Dubochet, 1988 #97] and image analysis [van Heel, 2000 #544] was used to investigate the oligomer structure of PspFHTH.  Below is presented the preliminary results of the investigation 

7.2 Results

7.2.1 Imaging

Figure 7.4 - A cryo-electron microscopy images of a sample of oligomerised PspFHTH. As can be seen, the sample clearly has a tendency to aggregate, but single marcomolecules can be located (red circle).

Good quality micrographs (with a defocus of between 2 and 5m defocus), selected by optical diffraction, were digitised on a LeafScan 35 using a step size of 2.0Å on the specimen scale.  Figure 7.4 shows a typical electron micrograph of Ec PspFHTH.  The sample had a strong tendency to aggregate.  The circles indicate individual trapped PspFHTH oligomers. A total of 2,500 single-molecule images were extracted interactively from eight micrographs into frames of 150 x 150 pixels.  CTF correction was performed as described in methods (Chapter 3).  The influence of the CTF was corrected for by accurate phase flipping up to spatial frequencies of  ~1/10Å. These images were filtered as described in the methods, and subject to multi-reference alignments.

7.2.2 Elucidation of Stochiometry and Symmetry

Having carried out reference free alignments, every pixel in the images can be considered to be in register or in-line, with each image having a common origin.  Thus, to assess the symmetry, eigenvector analysis was applied in order to find the main sources of inter-image variation.   The first two non-trivial eigenvectors of the data set (second and third eigenvector/eigenimage, figure 7.5), were found to reflect the predominant 3-fold top view within the data.  Notice that this is definitely not 6-fold symmetry as the adjacent regions of density have a different contrast.  These two images indicate the same three-fold images, but are considered to be “out of phase” with each other or with a set with an opposite handedness.  The third non-trivial eigenimage shows a distinctively different pattern, which reflects the next common view, the side view that clearly shows a 2-fold symmetry.  Thus, the eigenimages indicate that the PspFHTH oligomer posses either D3 symmetry of a 3-2 space group symmetry (2 fold symmetry, with local 3 fold axes of symmetry).   At this stage it was possible to deduce the stoichiometer of the PspFHTH oligomer.  The diameter of the asymmetric unit is approximate 54Å, which corresponds to a mass of ~70kDa.  As each PspF molecule is 36kDa, the approximate size of the asymmetric unit suggests that it is comprised of two PspFHTH molecules.  This observation is consistent with the observation that the predominant form of PspFHTH in solution is a dimer [Jovanovic, 1999 #693].  Furthermore, all E54 activators are dimers before they bind to the DNA [Rombel, 1998 #708]. In total, regardless of whether the symmetry was 3-2 or 2-3, there are a total of 6 (2 x 3) axes of symmetry.  Therefore, the number of axes of symmetry (6) multipled with the number of monomers in the asymmetric unit (2) gives the stociometry of the PspFHTH complex. Thus, in the oligomeric state there are expected to be 12 PspFHTH molecules.  
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Figure 7.5 – The first seven eigenimages produced from the MSA classification.  From the left, the second and third are similar view comprised of a three-fold symmetry.  These two images are considered to be out of phase as they appear to have opposite handedness.  The fourth image has a two fold axis of symmetry.

Prior to determining the precise symmetry, the iterative reference free alignments were performed to obtain the best possible classums that were unbiased by the use of a few reference images.  To try and determine the likely point group symmetry two avenues of euler assignment were followed.  The first following the 3/2 point group symmetry, the second using D3 point group symmetry.  A total of 140 classes were produced from the aligned dataset, containing typically 15 raw images.  The two symmetries were then applied separately to replicas of the dataset during Euler angle assignment to the class averages.  These angles were then used to generate a representative 3D volume.  The dataset rapidly converged on a stable reconstruction for the D3 space group, but not for the 3/2 space group.  Thus, the PspFHTH oligomer was deemed to comprise of a D3 arrangement.  Further rounds of refinement were used to improve the preliminary reconstruction of PspFHTH presented below.

7.2.3 The structure of PspF(HTH 

A Fourier Shell Correlation (FSC) was used to assess the resolution achieved in the final reconstruction, with the 3-sigma threshold multiplied by the square-root of the symmetry [Van Heel, 2000 #544].  This criterion indicated that the resolution of this reconstruction is ~20 Å.  
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Figure 7.6  - The Fourier shell correlation used to determine the resolution of the PspFHTH oligomeric complex. As before, the first cross-over of the FSC (red line) with the 3 threshold curve (blue line) indicates the resolution of the final structure.  As, such resolution indicated was 20 Ǻ.  Notice that in this case the 3higher due to the fact that it has been multiplied by the square-root of the number of lines of symmetry (in this case 6).  The threshold is increased due to the symmetry causing increased correlation coefficient. 

The structure of the PspF is roughly hamburger-bun shaped.  Viewed down the 3-fold axis, the structure appears roughly circular (see Figure 7.7).  Overall, the circular nature and size of the structure presented here is strongly reminiscent to other structures of AAA+ proteins [Peters, 1990 #690; Hanson, 1997 #689; Wang, 2001 #688].   The diameter of the circle is approximately 160Å, consistent with that observed in other hexameric arrangements.
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Figure 7.7 – Surface Representations of PspFHTH. A – view that give the impression that the structure is hexameric, like other AAA+ oligomers.  However, this reconstruction is actually made up of two tripod like halves that intercalate with each other. The asterisks marks the points of interaction between the two layers.  B – This reconstruction has been rotated through 90o about the vertical axis.  The two halves of the reconstruction can be seen wrapping around each other.  The black box roughly delimits the position of a single dimer.  In this case the dimer connects with two other dimers at the top of the reconstruction.  As in A, the asterisk marks a point of connection between the two halves.  However, this connection has handedness and is only found on one side of the dimer.  

However, when viewed perpendicular to the three-fold axis, the structure is roughly oval. From this “side” view (B in figure 7.7), there is roughly a top layer and a bottom layer. Three dimers are joined (at the three fold axis) to form each layer of the complex.  A potential single dimer is highlighted by the black box shown in figure 7.7.   Notice, that the dimers from one layer reach round to the bottom layer, interlocking with the other layer.  Roughly half way round the structure there is interaction between dimers from opposing trimer layers (marked by an asterisk in figure 7.7). The interlocking dimers of PspFHTH form each layer forms a cage like structure.  The centre of the structure is completely empty.  This cage shape explains how such a relatively small monomer can achieve such a large 3D-oligomer.  The dimers are comprised of two asymmetrically arranged, roughly triangular regions of density. This triangular shape is consistent with the shape of the AAA+ domain [Zhang, 2002 #672].  There is no obvious break in density between the two monomeric PspFHTH subunits of each dimer, so it is difficult to state the precise arrangement of the monomers (i.e. head to head or head to tail).  The interpretation of the density relating to the dimer is further complicated due to the different points of protein interaction which may have some effect on the overall fold of each monomer. 

7.3 Discussion
The sequence similarity of PspFHTH to members of the AAA+ ATPase family suggest that purely from an intuitive perspective the higher oligomeric structure of PspF would either be 6-7 or 12 subunits that form a ring or double ring structure, respectively [Vale, 2000 #684].  However, the recent structure of NtrC heptamer shows that biology is never that simple.  Nevertheless, the stoichometry of 12 subunits per oligomeric complex determined here is appropriate for a double ring structure.  However, the preliminary structure of PspFHTH, does not conform to a double hexameric ring confromation. Possible explanations of organisation observed are explored below.

During the image processing, all of the single particles where believed to be complete.  However, in the case of reconstruction of rho [Yu, 2000 #691], Yu et al found that ~10% of rings contained only 5 subunits.  This was determined by a slightly weaker presence of a subunit in one position after reference free alignment.  The images of rho, where taken of a negatively stained sample, thus the signal to noise ratio is far greater.  In the case of cryo-EM, the signal to noise ratio is poorer.  Therefore, for a single image it is very difficult to distinguish between molecules where the symmetry axis is tilted out of the plane of imaging, and those that were missing a subunit.  However, careful analysis of both the egienimages and class averages suggest that there did not appear to be a significant subset of the population were missing a subunit.  However, only with significantly larger datasets would it be possible to conclusively resolve this issue.

It has been observed that the RecA protein [Yu, 1997 #712], Ec replication helicase DnaB [Yu, 1996 #716], papilloma virus replication protein E1 [Fouts, 1999 #713] and the bacteriophage SPP1 replication helicase g40p [Barcena, 1998 #714] can exist in two very different quaternary states.  The first is the classical hexameric ring with C6 symmetry, in which all subunits are equivalent.  The second is where there is a significant dimerisation of adjacent subunits.  This dimerisation leads to the formation of a trimer of dimers, having a 3-fold symmetry in projection [Barcena, 1998 #714; Yu, 1996 #716].

PspFHTH is known to exist primarily as a dimer in the untrapped form [Jovanovic, 1999 #693].  A range of oligomeric sizes have been detected for both forms of PspF and PspFHTH in the untrapped state, suggesting that there may be many intermediates between the dimeric and oligomer PspFHTH forms.   Gel filtration indicates that a single oligomeric state is found in the trapped PspFHTH oligomer, in terms of molecular weight, but there could be several quaternary conformations with the same molecular weight within the population of molecules.

A parallel preliminary investigation of the wild-type PspF has produced a more distinctive double ring shape [Zhang, 2002 #672].  A number of structural features appear to be common between the two reconstructions.  The first is that when both are viewed from the top, down the three-fold axis, there is a central region of density formed in the centre of the ring.  This density is formed by three subunits, in both structures.   The authors suggest that this density may possibly be due to the association of the hexahistidine tags at the N-terminus of the density [Zhang, 2002 #672].  However, given large size of the density, this seems extremely unlikely. The second similarity is the presence of three discrete points of interaction linking the two rings.  Other similarities lie in the fact that the asymmetric unit is a dimer and the diameter of the rings are comparable.  So how can these differences be accounted for? The disruption of the ring shape in the PspFHTH reconstruction may be due to the absence of the HTH.  The presence of the HTH would be sufficient to make up for the apparent lack of mass in the ring in the PspFHTH reconstruction, but the simple absence of the HTH is insufficient to account for the differences alone. Thus, conformational differences between the two reconstructions must exist.  One explanation is that the protomers exist in an extended state in the reconstruction presented here, compared oligomeric PspF reconstruction [gralla].  A caveat for this hypothesis is that the two forms of PspF must be perceiving the ADP-aluminium fluoride complex differently, but as the C-terminal region of the AAA+ domain in PspF is involved in, either directly or indirectly, sensing the presence of ATP the removal of the HTH may have altered the functional properties of the C-terminal domain.  Thus, if the PspFHTH is locked into a sub-optimal conformation and perceives the ATP analogue in a slightly different manor, this would account for the differences in the rates of ATP hydrolysis.

Clues to explain the arrangement observed come from the recent structures of NtrC.    By analogy with NtrC, the proposed oligomerisation determinants of PspFHTH are believed to be in the central domain, whilst the dimerisation determinants are located in the C-terminal region [Pelton, 1999 #701], close to the DNA binding domain.  In the dimeric and oligomeric NtrC structures, very different different surfaces are used to make the interactions between the two states [Lee, 2003 #812]. Lee et al, proposed a mechanism for the transition of the NtrC dimer head-to-head to the NtrC oligomer head-to-tail.   Therefore, the PspFHTH structure may well represent an intermediate transition state between six dimers and an oligomeric ring.  The removal of the C-terminal HTH domain may have altered the properties of the C-terminal dimerisation domain that makes the transition to the oligomeric form less energetically favourable (i.e. tighter dimerisation binding).   In the presence of the ATP transition state, the PspFHTH dimers have assembled into a bi-layer of trimers (with D3 symmetry), with some sort of barrier (physical or energetic) preventing the formation of a true ring structure.  Furthermore, the fact that the ATPase activity of the PspFHTH is not as efficient as the wilt-type, the arrangement presented here may well account for the less efficient ATP hydrolysis by PspFHTH, as the arrangement of ATP hydrolysis sites are not optimal, but they must at least be partially capable of ATP hydrolysis.  

Other studies have suggested that the ATP binding and subsequent hydrolysis induces conformational changes in the AAA+ domain [Vale, 2000 #684].  These conformational changes are thought to produce a cycling between relaxed and tense states [Hanson, 1997 #689; Kondo, 1997 #686; Rouiller, 2000 #685].  Thus, as mentioned previously, the deletion of the HTH may have locked the PspFHTH into a sub-optimal complex (over-tense or over relaxed).  Indeed, a more recent study has shown that the addition of ATP to PspFHTH changes the complex from an extended to a more compact form [lew & Gralla].  
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Figure 7.8 – Schematic to a possible route to the formation of the PspFHTH oligomer.  Is solution, the PspFHTH monomers for stable dimers.  After the addition ADP-aluminium fluoride there is the initial formation of trimers. Subsequently, two of these C3 complexes could join together to form the D3 complex. The due to some sort of physical or energetic barrier the PspFHTH intermediate fails of form a hexameric ring.

The fact that similar trimers of dimers have been observed for other AAA+ proteins [Barcena, 1998 #714; Yu, 1996 #716] may reflect that this is a common mechanism to the formation of AAA+ hexameric rings.

7.4 Future Directions

To establish whether the unusual PpsFHTH structure is an artefact free representation of the trapped PpsFHTH oligomeric structure, a number of further steps could be perfomed to increase the confidence in the structure. The first and most obvious step is increasing the number of particles in the dataset.  This should not only improve the resolution, but will also discount any anomalies in the particle stochiomtery, as described for Rho and discussed above. Interestingly, Zhang et al imposed C3 symmetry on the reconstruction of the wild-type PspF [Zhang, 2002 #672] as it was thought that only one of the rings was likely to be binding the ATP analogue.  Although differences between the upper and lower halves of the reconstruction were not evident in the classes produced for PspFHTH, it could well be worth trying to impose C3 symmetry to estimate if there is any asymmetry between the two havles in the PspFHTH structure. An improved resolution should then allow the unambiguous docking of a PspFHTH -carbon model structure into the density (as performed in the previous chapters) to understand how the molecules are oriented specifically within dimer and globally within the whole structure.

The most obvious experiment thereafter, would be to investigate the wild type PspF transcription activator with and without its UAS at comparable levels or resolution.  Comparisons between the two structures and comparisons to other AAA+ oligomer structures should provide important insights to the structure-function relationship of the PspF activator, and help description of a transcription initiation complex, containing E54, PspF and DNA
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0.0290321

0.0626611

0.0299973

0.0609564

0.00543976

0.059555

0.0181276

0.0583304

0.0100811

0.0578691

0.00825491

0.0561541

0.0228632

0.0551924

0.00641507

0.0544451

0.00500535

0.0535359

0.0149181

0.0524262

0.0543577

0.0510594

0.0386013

0.0506695

0.0270114

0.049833

0.0386481

0.0486121

0.00400586

0.0481239

0.0239597

0.0471628

0.0340019

0.0470101

0.0373531

0.04577

0.0300144

0.0446841

0.0284804

0.0445919

-0.00134184

0.043563

0.032164

0.0433457

0.0302747

0.0422068

0.0296784

0.0420063

0.0446964

0.041546

0.0189331

0.040535

0.0358656

0.0402434

0.0586449

0.0393642

0.0819026



test_res3

		

		1 / Resoluti		on  [1/A]																on  [1/A]				1 / Resoluti

		1		0		1				1		0		1						0		1		1

		0.999997		3.33E-03		1				1		3.33E-03		1						3.33E-03		1		0.999997

		0.99941		6.67E-03		1				1		6.67E-03		1						6.67E-03		1		0.99941

		0.999007		1.00E-02		1				1		1.00E-02		1						1.00E-02		1		0.999007

		0.997483		1.33E-02		1				0.717137		1.33E-02		1						1.33E-02		0.717137		0.997483

		0.995881		1.67E-02		1				0.555492		1.67E-02		1						1.67E-02		0.555492		0.995881

		0.99157		2.00E-02		1				0.489898		2.00E-02		1						2.00E-02		0.489898		0.99157

		0.980411		2.33E-02		1				0.423559		2.33E-02		1						2.33E-02		0.423559		0.980411

		0.944001		2.67E-02		1				0.376473		2.67E-02		1						2.67E-02		0.376473		0.944001

		0.888871		3.00E-02		1				0.307524		3.00E-02		1						3.00E-02		0.307524		0.888871

		0.794661		3.33E-02		1				0.293939		3.33E-02		1						3.33E-02		0.293939		0.794661

		0.641137		3.67E-02		1				0.272166		3.67E-02		1						3.67E-02		0.272166		0.641137

		0.586		4.00E-02		1				0.244002		4.00E-02		1						4.00E-02		0.244002		0.586

		0.489583		4.33E-02		1				0.222681		4.33E-02		1						4.33E-02		0.222681		0.489583

		0.363861		4.67E-02		1				0.207929		4.67E-02		1						4.67E-02		0.207929		0.363861

		0.389336		5.00E-02		1				0.202953		5.00E-02		1						5.00E-02		0.202953		0.389336

		0.464905		5.33E-02		1				0.179874		5.33E-02		1						5.33E-02		0.179874		0.464905

		0.248345		5.67E-02		1				0.170343		5.67E-02		1						5.67E-02		0.170343		0.248345

		0.176913		6.00E-02		1				0.160933		6.00E-02		1						6.00E-02		0.160933		0.176913

		9.91E-02		6.33E-02		1				0.157423		6.33E-02		1						6.33E-02		0.157423		9.91E-02

		8.59E-02		6.67E-02		1				0.146472		6.67E-02		1						6.67E-02		0.146472		8.59E-02

		0.109223		7.00E-02		1				0.137481		7.00E-02		1						7.00E-02		0.137481		0.109223

		0.104282		7.33E-02		1				0.134366		7.33E-02		1						7.33E-02		0.134366		0.104282

		0.125457		7.67E-02		1				0.127901		7.67E-02		1						7.67E-02		0.127901		0.125457

		6.36E-02		8.00E-02		1				0.123074		8.00E-02		1						8.00E-02		0.123074		6.36E-02

		0.113781		8.33E-02		1				0.115943		8.33E-02		1						8.33E-02		0.115943		0.113781

		9.59E-02		8.67E-02		1				0.112024		8.67E-02		1						8.67E-02		0.112024		9.59E-02

		6.86E-04		9.00E-02		1				0.109145		9.00E-02		1						9.00E-02		0.109145		6.86E-04

		-2.11E-02		9.33E-02		1				0.104121		9.33E-02		1						9.33E-02		0.104121		-2.11E-02

		-1.29E-03		9.67E-02		1				0.101178		9.67E-02		1						9.67E-02		0.101178		-1.29E-03

		5.56E-02		0.1		1				9.81E-02		0.1		1						0.1		9.81E-02		5.56E-02

		9.62E-02		0.103333		1				9.43E-02		0.103333		1						0.103333		9.43E-02		9.62E-02

		0.115939		0.106667		1				9.26E-02		0.106667		1						0.106667		9.26E-02		0.115939

		0.132935		0.11		1				8.85E-02		0.11		1						0.11		8.85E-02		0.132935

		9.75E-02		0.113333		1				8.56E-02		0.113333		1						0.113333		8.56E-02		9.75E-02

		9.79E-02		0.116667		1				8.43E-02		0.116667		1						0.116667		8.43E-02		9.79E-02

		7.90E-02		0.12		1				8.10E-02		0.12		1						0.12		8.10E-02		7.90E-02

		4.24E-02		0.123333		1				7.93E-02		0.123333		1						0.123333		7.93E-02		4.24E-02

		6.09E-02		0.126667		1				7.69E-02		0.126667		1						0.126667		7.69E-02		6.09E-02

		1.47E-02		0.13		1				7.59E-02		0.13		1						0.13		7.59E-02		1.47E-02

		1.99E-03		0.133333		1				7.31E-02		0.133333		1						0.133333		7.31E-02		1.99E-03

		4.96E-03		0.136667		1				7.10E-02		0.136667		1						0.136667		7.10E-02		4.96E-03

		-2.11E-02		0.14		1				7.01E-02		0.14		1						0.14		7.01E-02		-2.11E-02

		-4.66E-02		0.143333		1				6.78E-02		0.143333		1						0.143333		6.78E-02		-4.66E-02

		-9.04E-03		0.146667		1				6.70E-02		0.146667		1						0.146667		6.70E-02		-9.04E-03

		1.47E-02		0.15		1				6.45E-02		0.15		1						0.15		6.45E-02		1.47E-02

		2.90E-02		0.153333		1				6.43E-02		0.153333		1						0.153333		6.43E-02		2.90E-02

		3.00E-02		0.156667		1				6.27E-02		0.156667		1						0.156667		6.27E-02		3.00E-02

		5.44E-03		0.16		1				6.10E-02		0.16		1						0.16		6.10E-02		5.44E-03

		1.81E-02		0.163333		1				5.96E-02		0.163333		1						0.163333		5.96E-02		1.81E-02

		1.01E-02		0.166667		1				5.83E-02		0.166667		1						0.166667		5.83E-02		1.01E-02

		8.25E-03		0.17		1				5.79E-02		0.17		1						0.17		5.79E-02		8.25E-03

		2.29E-02		0.173333		1				5.62E-02		0.173333		1						0.173333		5.62E-02		2.29E-02

		6.42E-03		0.176667		1				5.52E-02		0.176667		1						0.176667		5.52E-02		6.42E-03

		5.01E-03		0.18		1				5.44E-02		0.18		1						0.18		5.44E-02		5.01E-03

		1.49E-02		0.183333		1				5.35E-02		0.183333		1						0.183333		5.35E-02		1.49E-02

		5.44E-02		0.186667		1				5.24E-02		0.186667		1						0.186667		5.24E-02		5.44E-02

		3.86E-02		0.19		1				5.11E-02		0.19		1						0.19		5.11E-02		3.86E-02

		2.70E-02		0.193333		1				5.07E-02		0.193333		1						0.193333		5.07E-02		2.70E-02

		3.86E-02		0.196667		1				4.98E-02		0.196667		1						0.196667		4.98E-02		3.86E-02

		4.01E-03		0.2		1				4.86E-02		0.2		1						0.2		4.86E-02		4.01E-03

		2.40E-02		0.203333		1				4.81E-02		0.203333		1						0.203333		4.81E-02		2.40E-02

		3.40E-02		0.206667		1				4.72E-02		0.206667		1						0.206667		4.72E-02		3.40E-02

		3.74E-02		0.21		1				4.70E-02		0.21		1						0.21		4.70E-02		3.74E-02

		3.00E-02		0.213333		1				4.58E-02		0.213333		1						0.213333		4.58E-02		3.00E-02

		2.85E-02		0.216667		1				4.47E-02		0.216667		1						0.216667		4.47E-02		2.85E-02

		-1.34E-03		0.22		1				4.46E-02		0.22		1						0.22		4.46E-02		-1.34E-03

		3.22E-02		0.223333		1				4.36E-02		0.223333		1						0.223333		4.36E-02		3.22E-02

		3.03E-02		0.226667		1				4.33E-02		0.226667		1						0.226667		4.33E-02		3.03E-02

		2.97E-02		0.23		1				4.22E-02		0.23		1						0.23		4.22E-02		2.97E-02

		4.47E-02		0.233333		1				4.20E-02		0.233333		1						0.233333		4.20E-02		4.47E-02

		1.89E-02		0.236667		1				4.15E-02		0.236667		1						0.236667		4.15E-02		1.89E-02

		3.59E-02		0.24		1				4.05E-02		0.24		1						0.24		4.05E-02		3.59E-02

		5.86E-02		0.243333		1				4.02E-02		0.243333		1						0.243333		4.02E-02		5.86E-02

		8.19E-02		0.246667		1				3.94E-02		0.246667		1						0.246667		3.94E-02		8.19E-02
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1 / Resoluti

1/[Å]

Correlation Coefficient




