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7.4 The 6D79. T75 variants 

Since the 6D79.T75D variant has an altered conformation compared to CD2.6D79 

the metal binding properties of this variant were not examined.  For the 6D79.T75K 

variant we hypothesize that the addition of the Lys residue will decrease the metal 

binding affinity of the protein while the introduction of the Asp residue will increase the 

metal binding affinity. 

7.4.1 Tb3+ binding affinity of 6D79.T75K 

 Once again FRET was employed to determine the Tb3+ binding affinity of T75K.  

Preliminary titration experiments indicated the Tb3+ binding was rather weak and the 

titration had difficulty reaching saturation.  Therefore, to reduce precipitation, which 

occurs at high concentrations of Tb3+, small increments of Tb3+ was added to the protein.  

A Tb3+ binding affinity of 278 ± 16 µM was determined (Figure 7.12).  This Kd is almost 

4-fold weaker than that of 6D79 indicating the presence of the positive charge is playing 

a significant role in the binding affinity.  

7.4.2 Ca2+ binding affinity of T75K 

 The Ca2+ binding affinity of T75K was determined using 1D 1H NMR.  Similar to 

6D79 and other charge distribution variants chemical shift changes were seen for the N77 

residue (Figure 7.13-7.14).  The Ca2+ binding affinity was revealed to be 444 ± 60 µM.  

This is almost 3-fold weaker than the Ca2+ binding affinity of 6D79. 
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7.5 The role of electrostatic interactions around the coordination shell on Ca2+ 

binding affinity 

 Table 7.1 shows all of the Tb3+ and Ca2+ binding affinities determined for 6D79 

and its charge distribution variants.  The data reveals the removal of a positive charge 

around the Ca2+ binding site (K91I) increases the binding affinity (2-fold increase) while 

introducing a negative charge at that position (K91E) has a more dramatic effect (5-fold 

increase) on the binding affinity.  A metal binding affinity decrease is observed when a 

negatively charged residue (D94) is removed from around the Ca2+ binding site similar to 

the trend observed with calbindin D9K (Linse et al., 1991).  However, the introduction of 

the positive Lys at position D94 does not have as dramatic effect on the Ca2+ binding 

affinity as the introduction of Lys at position T75, 1.5-fold and 2.2 fold, respectively.  

This is due to the distance dependence of electrostatic interactions.  D94 is 14 Å from the 

metal binding site while T75 is only 8.5 Å away.  From this study we can conclude that 

Ca2+ binding affinity can be modulated by the surrounding electrostatic environment.  

This ability to modulate Ca2+ binding affinity of proteins will be valuable in developing 

Ca2+ sensors. 

7.6 The comparison of binding affinities to protein stability 

 In comparison with the protein stability data, the protein with the highest stability 

is 6D79.T75K (Table 6.4).  This variant has the weakest metal binding affinity due to the 

presence of the positive charge at position 75.  Even though the metal binding is weak it 

still has an effect on the protein stability.  Variant 6D79.T75K has decreased protein 

stability when it binds metal.  The K91 variants have the strongest metal binding 
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 affinities even though metal binding decreases the stability of these proteins.  This 

indicates electrostatic interactions play a role in both Ca2+ binding affinity and protein 

stability but these interactions can be separate from one another.  The role that 

electrostatic interactions play in metal binding is independent of their role in protein 

stability. 
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Chapter 8.  Conformational Properties of the 6D79.R34 Variants 
 
 
8.1 Introduction  

In addition to the roles in protein stability (chapter 6) and metal binding (chapter 

7), electrostatic interactions also play a major role in protein folding.  We hypothesize 

that when the destabilization of the folded state by the addition of charged residues 

results in unfolding of the native state the balance of charged repulsion by removing the 

charged residue will refold the protein.  R34 is 9.4 Å from the Ca2+ binding site of 6D79 

(Figure 8.1).  The side chain of the residue faces towards the interior of the protein away 

from the binding site.  Nonetheless, electrostatic calculations established the removal of 

the positive charge has a significant effect on the potential at the Ca2+ binding site (∆ep = 

- 39.7 kcal/mol).  Therefore, R34 was chosen to be mutated as one of the charge 

distribution variants.  Arg 34 was mutated to the negatively charged Glu and to the 

neutral Ile to determine their effects on Ca2+ binding affinity.  As discussed in chapter 3 

and 6, residue R34 was selected as a charge distribution mutant of CD2.6D79.  However, 

the conformation of this protein is altered compared to CD2 and CD2.6D79, therefore, 

the metal binding properties of this protein was not analyzed.  In this chapter, first, the 

conformational properties of these variants will be discussed.  Second, the effect of pH on 

the conformation of 6D79.R34E will be discussed.  Third, the attempt to recover the 

native conformation of the protein will be discussed.  Fourth, the stability of the 

6D79.R34I variant will be discussed.  These studies of the conformational properties of 

these variants will be useful in elucidating the folding properties of CD2 and other 
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proteins with an Ig-fold mediated by electrostatic interactions.  Table 8.1 summarizes all 

of the mutations discussed in this chapter.     

8.2 Conformational analysis of the R34 mutants 

 The conformation of the R34 mutants was examined using far UV CD.  The 

spectrum indicates 6D79.R34E has an alternate conformation with a small shoulder at 

222 nm and negative maximum at 205 nm (Figure 8.2).  This altered conformation is 

similar to that observed for the first generation proteins.  The spectrum appears to be a 

combination of native β-sheet and random coil conformation.   

 The crystal structure of CD2 modified by Dezymer to include the 6D79 binding 

site was examined to determine the origins of the altered conformation.  The structural 

analysis revealed that R34 is in close proximity to residue D72 which is on the opposite 

surface of the protein (Figure 8.1).  The two residues are presumably forming a salt 

bridge with one another.  The mutation of Arg to Ile does not alter the conformation of 

the protein but the introduction of the negatively charged Glu at this position instigates 

electrostatic repulsion which triggers protein unfolding.   

8.3 pH titration using far UV CD and fluorescence 

 To ensure the hypothesis of charge repulsion induced unfolding was correct, a pH 

titration was performed using far UV CD.  If the altered conformation was in fact due to 

an electrostatic effect you would expect the protein to be correctly folded at low pH.  

Residue D72 in CD2 has a pKa value of 4.14 (Chen et al., 2000) and unfolded random 

coil have a value of 4.5 (Stryer, 1995).  In principle, at a pH lower than the pKa, both the 

E34 and D72 residues will be protonated and therefore the charge repulsion between the 
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two residues would be minimized inducing proper protein folding.  On the other hand, as 

the pH is raised to and above the pKa of these residues, they will be de-protonated and the 

negative charge repulsion would initiate protein unfolding. 

A pH titration of the 6D79.R34E protein was carried out from pH 4-9 using far 

UV CD and Trp fluorescence.  The titration was done under two conditions, one with 1 

mM EGTA and the other with 10 mM Ca2+, in order to determine if Ca2+ binding will 

have an effect on protein folding.  At a pH of 7.4 the protein is not folded in the apo form 

(Figure 8.3a-8.4a).  However, when the pH is decreased to 4 the protein is properly 

folded with a negative maximum of 216 nm in the CD spectra and a fluorescence 

emission of 320 nm.  At pH 6.5, the apo form of the protein is unfolded with the negative 

maxima shifting to 205 nm.  In the Trp fluorescence spectra, at pH 6.5, the fluorescence 

emission is shifted to 350 nm.  At all pH values above 6.5 the protein in the apo form is 

partially folded.  

As discussed in chapters 6 and 7, Ca2+ binding may interact with charged residues 

around the metal binding site.  Residue R34 is within a suitable distance to the metal 

binding site where Ca2+ binding may reduce the electrostatic repulsion between E34 and 

D72.  The far UV CD and Trp fluorescence spectra for the Ca2+ bound form of the 

protein at pH 7.4 indicate the protein is partially folded (Figure 8.3b-8.4b).  The negative 

maximum of the CD spectra is 205 nm while the fluorescence emission is at 350 nm.  

When the pH is lowered to 4 the protein refolds to its proper conformation.  Similar to the 

apo form of the protein, the protein begins to unfold at pH 6.5.  This indicates that Ca2+ is 

not playing a role in the folding of this protein.  Since D72 is on the opposite surface of 
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the protein than the metal binding site, the distance may too great for Ca2+ to reduce the 

electrostatic repulsion. 

8.4 Removing the charge by R34I 

 In an effort to reduce the charge repulsion between E34 and D72, the variant R34I 

was engineered.  The protein was engineered into CD2.6D79 using Pfu DNA 

polymerase.  Conformational analysis of 6D79.R34I was performed using far UV CD.  

The spectrum indicates the protein has a similar conformation to CD2.6D79 (Figure 8.5).  

The negative maximum of the spectrum is 216 nm indicating the protein has β-sheet 

architecture.  The removal of the negative charge at position 34 does trigger the protein to 

refold.    

The stability of the R34I mutant was determined through thermal denaturation 

studies.  The apo form of the protein had a Tm of 43 ºC (Figure 8.6).  This is a large 

decrease in stability compared to wild type CD2 which has a Tm of 62º.  The removal of 

the salt bridge between R34 and D72 caused a substantial decrease in the stability of the 

protein.  Previous studies on the heat stable thermozymes indicate that even small 

changes in structure can lead to large changes in thermostability (Vieille et al., 2001).  

For example the presence of a few additional hydrophobic bonds in a thermozyme will 

increased the free energy by 5-7 kcal/mol.  Free energy differences as small as these can 

account for thermostability increases of up to 12 ºC.  This decreased protein stability may 

lead to reduced purification yields due to the formation of inclusion bodies.  Additionally, 

upon Ca2+ binding a slight increase in the stability of the protein is observed, 47 ºC 

(Figure 8.6).   
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8.5 Reducing charge repulsion by reversing charge interactions (the R34E-D72K 

mutant) 

 In order to test the hypothesis that the regain of native conformation can be 

achieved by neutralizing introduced charged ligand residues, residue D72 was mutated to 

Lys in 6D79.R34E.  As shown in Figure 8.7, the D72 residue is on the opposite face of 

the metal binding site and even though it interacts with R34 does not have any significant 

contribution to the electrostatic environment of the binding site.  This was established 

through electrostatic potential calculations where the residue was mutated and the 

electrostatic potential of the Ca2+ binding site was examined. 

 The D72K mutation was further engineered using Pfu DNA polymerase.  The 

conformation of the protein was examined using far UV CD.  The spectra indicate the 

6D79.R34E-D72K variant is largely unfolded (Figure 8.8).  The negative maximum of 

the spectrum is shifted to 205 nm and the binding of Ca2+ has no effect on the folding of 

the protein.  This was puzzling since the pH dependent conformational analyses indicated 

that the unfolding of the R34E originated from electrostatic repulsion.  The structure of 

the protein was analyzed to ascertain the origin of the altered conformation of the R34E-

D72K variant.  The structure reveals that both R34 and D72 are facing the inside core of 

the protein (Figure 8.9).  Residues Glu and Lys both have a larger radius than Asp and 

Arg.  The volumes of Arg and Asp are 173.4 and 111.1 Å3, respectively.  The volumes of 

Glu and Lys are 143.8 and 168.6 Å3, respectively (Stryer, 1995).  The steric hindrance of 

these bulkier residues in the interior of the protein is initiating the altered conformation of 

the R34E-D72K protein. 
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To further establish whether the R34 variant can be properly folded R34 was mutated to 

the less bulky Asp.  The far UV CD and Trp fluorescence of the R34D-D72K variant 

reveals the protein exhibits a β-sheet conformation with proper tertiary packing (Figure 

8.10).  The far UV spectrum has a negative maximum at 216 nm, typical of a β-sheet 

protein.  The Trp fluorescence spectrum reveals the protein has an emission maximum of 

326 nm, which is similar or close to wild type CD2 and 6D79.  The less bulky residue 

Asp reduces the steric hindrance between the 34 and 72 residues and the D72K mutation 

reduces the electrostatic repulsion between the two residues, therefore the protein, R34D-

D72K is properly folded. 

8.6 Comparison of purification yields of the R34 mutants 

 The purification yields of the R34 mutants have been poor in comparison with 

other charge distribution variants.  For example the purification yields of the folded R34 

variants, R34I and R34D-D72K, are only 1 and 1.3 mg, respectively for a 4 L expression.  

In comparison, the purification yield of the charge distribution variant D94K, is 10 mg 

for a 4 L expression.  For the R34 variants large amounts of protein are trapped in the cell 

pellet after sonication as inclusion bodies.  The formation of inclusion bodies is generally 

attributed to less stable proteins and is observed with the first generation proteins whose 

instability is due to their altered conformation.   

 

 

 

 



 

 

301



 

 

302

8.6.1 Disruption of the native non-covalent interactions of CD2 

 The formation of a tight folding nucleus that includes three residues, I18, V39, 

and V78, is essential for the native fold of CD2 (Lorch et al., 1999).  In addition non-

covalent interactions are also important.  However, previous studies of shown the 

formation of a complex hydrogen bonding network is also important for retaining the 

protein secondary structure (Parker and Clarke, 1997b).  Our studies about the R34 

variants give insight into one of the hot spots of this hydrogen bonding network and 

electrostatic interactions.  Both R34 and D72 are involved in hydrogen bonding with 

other residues in close proximity including T37 and T69 (figure 8.11).  The side chain of 

R34 is hydrogen bonded to the backbone of D72.  This lost hydrogen bond may also play 

a role in the decreased stability of the R34 variants.  Hydrogen bonds between buried 

charged residues have been shown to be favored over salt bridges and neutral-neutral 

hydrogen bonds in thermozymes for two reasons:  1. the entropy cost for burying a 

charged-neutral H-bond is lower than for burying a salt bridge; and 2. the entropy gained 

by burying a charged-neutral hydrogen bond is greater than for burying a neutral-neutral 

hydrogen bond (Li et al., 2005).  We have already discussed in section 7.3 how residues 

34 and 72 face the interior of the protein.  In fact residue 72 has a solvent accessibility of 

only 16%.  The mutation of the R34 residue to Ile and to Asp, as well as the mutation of 

D72 to Lys, disrupts the hydrogen bonding network of the protein and therefore, although 

the protein conformation is similar to wild type CD2, the proteins are less stable.  The 

experimental data correlate with the stability calculations by the Fold-X server in Table 

3.11 where both 6D79.R34E and 6D79.R34I are less stable than CD2.6D79. 
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This work on the 6D79.R34 variants has provided insight into the role of electrostatic 

interactions and hydrogen bonding in protein folding.  This study supports our hypothesis 

that charge reversal can trigger protein re-folding.  This work can be extrapolated to 

elucidate the folding properties of other proteins.     
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Chapter 9.  Significance of this study 

 

9.1 Review  

Calcium binding proteins play a role in numerous biological functions including 

neuron transmission, muscle contraction, and cell adhesion.  A common feature of Ca2+ 

binding proteins is multiple Ca2+ binding sites, which make it difficult to study Ca2+ 

binding affinity due to cooperativity between these sites.  However, there is still 

numerous information available about the binding affinities of different Ca2+ binding 

proteins.  Ca2 binding proteins have various binding affinities based on their function.  

Ca2+ binding proteins have not evolved to the strongest possible affinity but rather to the 

most suitable for their function.  This raises the question as to what are the key factors 

responsible for the varying binding affinities of these proteins.  The study of the factors 

involved in Ca2+ binding affinity is important because of the numerous diseases involved 

in improper Ca2+ binding affinity.  Ca2+ binding plays a role in many diseases including 

Alzheimer’s disease, diabetes, and cardiovascular disease.   

Local factors such as charge in the coordination shell and ligand type have been 

shown to be important for Ca2+ binding affinity.  Additionally, non-local factors 

including an extensive hydrogen bonding network and electrostatic interactions have also 

been shown to be important.  This study aims to investigate the role of electrostatic 

interactions around the coordination shell, not directly involved in binding, in Ca2+ 

binding affinity.  This study attempts to answer four questions:  1. What are the structural 

requirements of Ca2+ binding sites? 2. What effect does the 
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electrostatic environment have on molecular recognition? 3. What effect do electrostatic 

interactions around the coordination shell have on thermal stability and Ca2+ binding 

affinity? 4. What is the effect of electrostatic interactions on protein folding? 

9.2 The structural requirements of Ca2+ binding sites 

 Chapter 5 details the study of the structural requirements of Ca2+ binding sites 

through the elucidation if the conformational and metal binding properties of the 

designed Ca2+ binding protein CD2.6D79.  This protein utilizes ligands all from β-sheet 

secondary structure.  The protein binds Ca2+ and its analogues Tb3+ and La3+ with 

selectivity over other physiologically relevant metals.  However, the designed protein is 

less stable than wild type CD2.  This decreases stability is due to the electrostatic 

repulsion between clustered negative charge residues at the binding site.  Many natural 

Ca2+ binding proteins undergo a global conformational change upon Ca2+ binding.  For 

CD2.6D79, in the absence of Ca2+, the fixed backbone conformation of the β-sheets does 

not allow for a decrease in the charge repulsion through conformational change.  It also 

limits the use of local conformational change to complete neutralization of CD2.6D79 by 

Ca2+ binding. Hence, calcium binding only leads to a small increase in the thermal 

stability. Consistently, a greater gain of the protein stability was achieved by binding of 

La3+ and Tb3+ with a higher positive charge. 

Further, Ca2+ binding to the all-β-sheet location exhibits a less profound effect on 

the conformation of the protein than that of previously investigated Ca2+ binding proteins 

(Alattia et al., 1999; Chazin, 1995; Garcia et al., 2004; Ikura, 1996; Ubach et al., 1998; 

Yang et al., 2005).  The Ca2+or La3+-induced chemical shift changes for the residues at 
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and around the Ca2+ binding pocket are very limited, < 0.05 ppm and 0.10 ppm, 

respectively, and even smaller than residues at the flexible loop regions in the same 

protein, suggesting that their shielding environments were not perturbed by Ca2+ binding. 

In our previously designed Ca2+ binding protein Ca.CD2, significant chemical shift 

changes (> 0.1 ppm) were observed for the two ligand residues in the loop regions (N60 

and D62) while no significant change was detected for the ligand residue Asp-15 at the β-

strand B. This observed differential response to Ca2+ binding is structural specific since 

Ca.CD2 has a 2.5 fold weaker Ca2+ binding affinity than that of CD2.6D79. 

The large energetic cost in destabilizing the protein both in apo- and loaded forms 

and the lack of Ca2+-induced conformational change explain why nature does not use all 

β-sheet ligand residues for Ca2+ binding. The observed strong preference of Asp and Glu 

in the naturally occurring Ca2+- binding proteins is consistent with the electrostatic nature 

of Ca2+ binding since almost all the binding sites observed so far have at least two 

negatively charged ligand residues. The use of the ligand residues predominantly from 

the loops and flexible regions of the proteins serves to minimize the repulsion between 

charged ligand residues in the apo-form and maximize the electrostatic interaction of the 

loaded form by conformational change.  Therefore, our design studies and structural 

analysis provide a close view for the structural determinants that are necessary for 

biological functions of Ca2+ binding in regulation and stability. 
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9.3 The effect of the electrostatic environment on molecular recognition 

 CD2.6D79 was also a useful model for understanding the role of electrostatic 

interactions on molecular recognition.  The metal binding site is in close proximity to the 

CD48 binding surface of CD2.  Studies have shown the large number of charges on this 

surface were responsible for target specificity rather than affinity (Davis et al., 1998a).  

Most single mutations of charged residues on CD2 (to Ala or an opposite charge) 

decreases (or has no effect) on ligand binding except R87A (CD2.R87A), which results 

in a 5-fold increase (Davis et al., 1998a).  A three-fold decrease in the dissociation 

constant for CD48 binding was observed for CD2.6D79 compared with CD2 in the 

absence and presence of Ca2+ or La3+ suggesting that the CD48-binding ability of CD2 is 

enhanced by altering the electrostatic environment with two charged mutations for the 

Ca2+ binding.  Further, electrostatic calculations reveal a potential decrease has occurred 

in residue 87. A similar potential decrease was observed in residue 87 in CD2.R87A 

which displays a five-fold increase in CD48 binding.  The mutation in CD2.R87A 

reverses the potential of residue 87 from positive in CD2 to negative.  Long range 

electrostatic steering introduced by the charged mutations for the Ca2+ binding is 

responsible for the increased binding affinity of CD2.6D79 to CD48.  This finding is 

significant because it was widely understood the electrostatic interactions in CD2-CD48 

binding were for target specificity rather than affinity (Davis et al., 1998a).  CD2 is 

expressed on most human T cells and natural killer (NK) cells and initiates and maintains 

contact with antigen-presenting or target cells and play an important role in signaling 

(Blattman and Greenberg, 2004; Driscoll et al., 1991; van der Merwe et al., 1995). It is 
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one of the most extensively studied cell adhesion proteins.  The detailed examination of 

the binding characteristics of CD2 and CD48 will provide insight into the properties of 

cell to cell interactions since this binding mode is a distinguishing characteristic of many 

types of molecular recognitions especially for cell adhesion proteins.  In addition, the 

extracellular domain of CD2 that is involved in molecular recognition has a similar 

topology to that of the Ca2+-dependent cell adhesion molecule cadherin.  Therefore, the 

information for this model system can be applied to the understanding of Ca2+ dependent 

molecular recognition.  Further mutations can be introduced to design Ca2+ dependent 

cell adhesion proteins.  

9.4 The role of electrostatic interactions around the coordination shell on thermal 

stability and Ca2+ binding affinity 

 In order to study the role of long range electrostatic interactions on thermal 

stability and Ca2+ binding affinity charge distribution variants of CD2.6D79 were 

designed and engineered (chapters 6-7).  The thermal denaturation data indicate that 

long range electrostatic interactions do play a role in the stability of the protein.  In 

addition, Ca2+, through its electrostatic properties can alter the stability of the protein.  

Previous studies have shown the protein stabilization of Ca2+ was due to its binding to the 

flexible loop regions of proteins.  Ca2+ serves to order and rigidify these regions of the 

proteins making them more stable.  Increasing the thermal stability of proteins is useful in 

the area of enzymes.  The increased stability of enzymes could lead to more efficient 

catalysis by these proteins.  In addition, in the area of pharmaceutical design the data we 

have collected based on the role of long range electrostatic interactions on stability will 
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be invaluable in designing stable drugs.  Increased protein stability may be of multi-

billion dollar value in food and drug processing, and in biotechnology, and protein drugs.     

 The charge distribution variants of CD2.6D79 were also useful for the study of 

the role of long range electrostatic interactions on Ca2+ binding affinity.  Electrostatic 

calculations reveal that the mutations of several residues around the Ca2+ binding site will 

markedly alter the potential of the binding site (section 3.5).  The metal binding affinities 

of these variants with altered electrostatic potentials at the Ca2+ binding site were 

measured.  The data revealed that long range electrostatic do play a role in metal binding 

(chapter 7) and this role is distant dependent.  Since Ca binding proteins are involved in 

many biological systems and improper Ca affinities of these proteins can lead to several 

disease states, the understanding of the key factors that govern Ca2+ binding affinity is 

important.  Several studies have shown the importance of electrostatic interactions around 

the coordination on Ca2+ binding affinity on a macroscopic level (Linse and Forsen, 

1995).  This work looks at the site specific effects of electrostatic interactions in a static 

system.  This work can help in establishing a set of rules for Ca2+ binding affinity and 

lead to an increased understanding of the improper Ca2+ binding affinities of proteins.  

This can lead to advancement in the area of several diseases related to improper Ca2+ 

binding affinities.     
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9.5 The role of electrostatic interactions for protein folding 

 Several factors are important for protein folding including hydrophobic and 

electrostatic interactions.  As discussed in chapter 8, the R34 variants of CD2.6D79 were 

utilized to study the effect of electrostatic interactions on protein folding.  The variant 

6D79.R34E has a partially folded conformation due to electrostatic repulsion.  However, 

the mutation to Ile triggers the protein to re-fold to a β-sheet conformation.  This 

indicates that charge removal can instigate re-folding of proteins.  The folding of proteins 

is an important step in understanding the functional roles of proteins.  An understanding 

of the different interactions involved in protein folding is imperative to understand the 

folding process.  Through our model system we have been able to elucidate the role of 

electrostatic interactions in protein folding.  This work will provide will be useful in 

engineering proteins with desired structures. 

9.6 Protein design as an important tool for studying the properties of proteins 

 Protein design is an invaluable tool in understanding the fundamental principles 

of proteins. We have successfully used protein design to answer significant questions 

about the metal binding and conformational properties of proteins.  This work 

demonstrates the power and impact of protein design providing insight into the structure, 

folding, and function of proteins.  In addition this work substantiates protein design as a 

suitable method in the development of new biomaterials, sensors, and pharmaceutical 

drugs as well as in intervening biological systems with tailored functions  
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Appendix 

 

Assignments of the TOCSY spectra of CD2.6D79 with 5 mM EGTA 

Assignment  w1  w2 

   

THR5H-HA 8.263 4.85

THR5H-HB 8.262 3.75

THR5H-HG 8.261 0.445

VAL6H-HA 9.155 4.274

VAL6H-HB 9.154 1.787

VAL6H-HG 9.158 0.885

TRP7H-HA 8.665 5.267

TRP7H-HB 8.664 2.94

GLY8H-HA2 8.992 4.597

GLY8H-HA3 8.992 3.251

ALA9H-HA 8.406 4.817

ALA9H-HB 8.408 1.106

LEU10H-HA 8.838 3.77

GLY11H-HA2 9.452 4.053

GLY11H-HA3 9.453 3.802

HIS12H-HA 7.962 4.833

HIS12H-HB2 7.963 3.245
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HIS12H-HB3 7.963 3.146

GLY13H-HA2 8.773 3.487

GLY13H-HA2 8.77 4.614

ILE14H-HA 8.801 4.491

ILE14H-HB 8.798 1.825

ASN15H-HA 8.046 5.264

ASN15H-HB2 8.043 2.546

ASN15H-HB3 8.041 2.17

LEU16H-HA 9.546 4.24

ASN17H-HA 8.098 4.82

ASN17H-HB2 8.097 2.666

ASN17H-HB3 8.099 2.483

ILE18H-HA 8.638 3.897

ASN20H-HA 8.987 4.245

ASN20H-HB2 8.985 2.953

ASN20H-HB3 8.986 2.698

PHE21H-HA 7.723 4.733

PHE21H-HA 8.884 4.69

PHE21H-HB2 8.885 3.233

PHE21H-HB2 7.723 2.752
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PHE21H-HB3 8.884 2.931

PHE21H-HB3 7.721 2.428

GLN22H-HA 7.222 4.178

GLN22H-HB2 7.224 1.688

GLN22H-HB3 7.224 1.606

GLN22H-HG 7.224 2.08

MET23H-HA 8.548 4.044

THR24H-HA 6.994 4.654

THR24H-HB 6.988 4.466

ASP26H-HA 8.313 4.666

ILE27H-HA 7.655 4.126

ILE27H-HB 7.656 2.613

ILE27H-HG 7.656 0.95

ASP28H-HA 9.088 4.932

ASP28H-HB2 9.089 2.36

ASP28H-HB3 9.088 2.243

ASP29H-HA 7.885 5.639

ASP29H-HB2 7.886 2.065

ASP29H-HB3 7.885 1.973

VAL30H-HA 9.164 4.742

VAL30H-HB 9.171 2.11

VAL30H-HG 9.168 0.799
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ARG31H-HA 9.398 5.173

ARG31H-HB2 9.395 1.933

ARG31H-HB3 9.401 1.861

TRP32H-HA 9.459 5.537

TRP32H-HB2 9.455 3.137

TRP32H-HB3 9.464 2.968

GLU33H-HA 9.802 5.202

GLU33H-HB2 9.803 1.961

GLU33H-HB3 9.798 1.821

GLU33H-HG 9.806 2.181

ARG34H-HA 8.948 4.458

ARG34H-HB2 8.948 1.618

ARG34H-HB3 8.949 1.525

THR37H-HA 8.325 4.252

LEU38H-HA 8.773 4.33

VAL39H-HA 9.253 4.167

VAL39H-HB 9.249 1.432

VAL39H-HG 9.254 0.341

ALA40H-HA 8.075 5.283

ALA40H-HB 8.076 1.325

GLU41H-HA 9.621 5.541

GLU41H-HB2 9.621 2.279
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GLU41H-HB3 9.623 2.09

PHE42H-HA 9.628 4.949

PHE42H-HB2 9.632 3.149

PHE42H-HB3 9.631 3.048

LYS43H-HA 8.458 4.867

LYS43H-HB2 8.459 1.636

LYS43H-HB3 8.459 1.431

LYS43H-HG 8.459 1.258

MET46H-HA 8.031 4.78

MET46H-HB2 8.033 2.065

MET46H-HB3 8.031 1.838

MET46H-HG 8.032 2.46

LYS47H-HA 8.533 4.533

LYS47H-HB2 8.535 1.728

LYS47H-HB3 8.533 1.559

LYS47H-HG 8.533 1.808

LEU50H-HA 7.791 4.583

LEU50H-HB2 7.795 1.59

LEU50H-HB3 7.791 1.49

LEU50H-HG 7.794 1.676

SER52H-HA 7.831 4.598

ALA54H-HA 8.166 4.01
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ALA54H-HB 8.168 0.839

PHE55H-HA 7.383 5.411

PHE55H-HB3 7.386 2.718

PHE55H-HB3 7.382 2.937

GLU56H-HA 9.011 4.446

GLU56H-HB2 9.011 1.834

GLU56H-HB3 9.012 1.739

GLU56H-HG 9.01 2.072

ILE57H-HA 8.682 4.998

LEU58H-HA 9.115 4.442

LEU58H-HB2 9.115 1.97

LEU58H-HB3 9.115 1.641

ASN60H-HA 7.752 4.454

GLY61H-HA2 8.404 4.279

GLY61H-HA3 8.403 3.772

ASP62H-HA 7.887 4.681

ASP62H-HB2 8.317 2.675

ASP62H-HB3 8.313 2.538

LEU63H-HA 7.394 4.316

LEU63H-HB 7.394 0.232

LYS64H-HA 9.178 4.966

LYS64H-HB2 9.174 1.591



 

 

319

LYS64H-HB3 9.188 1.387

ILE65H-HA 8.778 4.197

ILE65H-HB 8.776 1.611

ILE65H-HG 8.779 0.528

LYS66H-HA 7.963 3.663

ASN67H-HA 8.638 3.951

ASN67H-HB2 8.636 2.487

ASN67H-HB3 8.634 2.255

LEU68H-HA 8.254 4.008

THR69H-HA 9.367 4.756

THR69H-HB 9.373 4.42

ARG70H-HA 9.144 3.825

ASP71H-HA 7.981 4.48

ASP71H-HB2 7.98 2.7

ASP71H-HB3 7.983 2.412

ASP72H-HA 7.75 4.744

ASP72H-HB2 7.74 2.837

ASP72H-HB3 7.741 2.665

SER73H-HA 7.584 4.187

SER73H-HB2 7.582 4.123

SER73H-HB3 7.584 3.854

THR75H-HA 8.438 5.142
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THR75H-HB 8.438 3.885

TYR76H-HA 10.017 5.178

TYR76H-HB2 10.014 3.107

TYR76H-HB3 10.017 3.014

ASN77H-HA 9.618 5.487

ASN77H-HB2 9.619 2.615

ASN77H-HB3 9.618 2.501

VAL78H-HA 8.843 4.918

ASP79H-HA 8.474 5.312

ASP79H-HB2 8.476 2.461

ASP79H-HB3 8.476 2.274

VAL80H-HA 8.185 4.857

VAL80H-HB 8.184 1.647

VAL80H-HG 8.185 0.352

TYR81H-HA 9.5 5.464

TYR81H-HB 9.499 2.941

SER82H-HA 9.346 5.323

SER82H-HB 9.344 3.894

T83H-HA 8.826 3.939

THR86H-HA 7.866 4.208

THR86H-HB 7.866 4.111

ARG87H-HA 9.112 4.03
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ILE88H-HA 8.856 4.169

LEU89H-HA 7.432 4.418

LEU89H-HB2 7.432 1.472

LEU89H-HB3 7.432 1.32

ASN90H-HA 8.339 5.592

ASN90H-HB3 8.34 2.302

LYS91H-HA 8.723 4.691

LYS91H-HB2 8.724 1.632

LYS91H-HB3 8.724 1.365

GLU92H-HA 8.396 5.343

GLU92H-HB2 8.399 2.072

GLU92H-HB3 8.396 1.86

GLU92H-HG 8.394 2.193

LEU93H-HA 9.577 4.939

LEU93H-HB2 9.577 1.683

LEU93H-HB3 9.576 1.46

ASP94H-HA 8.847 5.021

ASP94H-HB2 8.843 2.544

ASP94H-HB3 8.843 2.47

ARG96H-HA 9.089 4.448

ARG96H-HB2 9.091 1.113

ARG96H-HB3 9.084 0.132
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ILE97H-HA 8.521 4.657

ILE97H-HB 8.517 0.846

ILE97H-HG 8.522 1.913

GLU99H-HA 8.233 4.197

GLU99H-HB2 8.233 2.06

GLU99H-HB3 8.233 1.899

GLU99H-HG 8.233 2.225

 

Assignments of the TOCSY spectra of CD2.6D79 with 10 mM Ca2+ 

 

VAL6H-HA 9.148 4.279

VAL6H-HB 9.147 1.787

VAL6H-HG 9.148 0.881

TRP7H-HA 8.666 5.26

TRP7H-HB 8.665 2.943

GLY8H-HA2 9.014 4.602

GLY8H-HA3 9.012 3.229

ALA9H-HA 8.424 4.845

ALA9H-HB 8.426 1.105

LEU10H-HA 8.866 3.774

GLY11H-HA2 9.49 4.031

GLY11H-HA3 9.492 3.862
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HIS12H-HA 7.999 4.899

HIS12H-HB2 8 3.356

HIS12H-HB3 8.002 3.243

GLY13H-HA2 8.794 4.626

GLY13H-HA3 8.796 3.523

ILE14H-HA 8.808 4.496

ASN15H-HA 8.023 5.273

ASN15H-HB2 8.023 2.553

ASN15H-HB3 8.021 2.179

LEU16H-HA 9.545 4.245

LEU16H-HB2 9.543 1.205

LEU16H-HB3 9.547 0.983

ASN17H-HA 8.117 4.836

ASN17H-HB2 8.113 2.665

ASN17H-HB3 8.118 2.495

ILE18H-HA 8.61 3.907

ASN20H-HA 8.989 4.248

PHE21H-HA 7.707 4.744

PHE21H-HB2 7.72 2.758

PHE21H-HB3 7.72 2.429

GLN22H-HA 7.198 4.176

GLN22H-HB2 7.196 1.69
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GLN22H-HB3 7.199 1.603

GLN22H-HG 7.199 2.08

MET23H-HA 8.546 4.045

THR24H-HA 6.98 4.659

THR24H-HB 6.973 4.478

ASP26H-HA 8.283 4.676

ILE27H-HA 7.66 4.134

ILE27H-HG 7.661 0.96

ILE27HN-HB 7.654 2.631

ASP28H-HA 9.102 4.931

ASP28H-HB2 9.102 2.319

ASP28H-HB3 9.095 1.968

ASP29H-HA 7.901 5.658

ASP29H-HB2 7.901 2.07

ASP29H-HB3 7.903 1.926

VAL30H-HA 9.218 4.723

VAL30H-HB 9.219 2.127

VAL30H-HG2 9.219 0.893

VAL30H-HG3 9.22 0.794

ARG31H-HA 9.443 5.145

TRP32H-HA 9.462 5.495

TRP32H-HB2 9.452 3.151
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TRP32H-HB3 9.468 2.951

GLU33H-HA 9.833 5.243

GLU33H-HB2 9.838 1.959

GLU33HA-HB3 9.832 1.84

ARG34H-HA 8.955 4.47

THR37H-HA 8.316 4.257

LEU38H-HA 8.812 4.347

VAL39H-HA 9.246 4.211

VAL39H-HB 9.243 1.418

VAL39H-HG2 9.249 0.653

VAL39H-HG3 9.245 0.379

ALA40H-HA 8.049 5.348

ALA40H-HB 8.049 1.328

GLU41H-HA 9.799 5.605

GLU41H-HB2 9.802 2.385

GLU41HA-HB3 9.795 2.274

PHE42H-HB2 9.536 3.186

PHE42HA-HB3 9.537 2.999

LYS43H-HA 8.567 4.872

LYS43H-HB2 8.564 1.591

LYS43H-HB3 8.569 1.436

LYS43H-HG 8.568 1.278
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LYS45H-HA 8.846 3.862

MET46H-HA 8.112 4.805

MET46H-HB2 8.112 2.058

MET46H-HB3 8.11 1.79

MET46H-HG 8.1 2.449

LYS47H-HA 8.563 4.527

PHE49H-HA 8.861 4.71

PHE49H-HB2 8.862 3.228

PHE49H-HB3 8.862 2.872

LEU50H-HA 7.772 4.592

LEU50H-HB2 7.766 1.588

LEU50H-HB3 7.769 1.495

LYS51H-HA 8.626 3.743

SER52H-HA 7.78 4.612

SER52H-HB3 7.783 3.952

ALA54H-HA 8.123 4.013

ALA54H-HB 8.125 0.813

PHE55H-HA 7.332 5.427

PHE55H-HB2 7.332 2.962

PHE55H-HB3 7.328 2.715

GLU56H-HA 9.008 4.439

GLU56H-HB2 9.007 1.84
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GLU56H-HB3 9.006 1.74

GLU56H-HG 9.008 2.082

ILE57H-HA 8.693 5.025

LEU58H-HA 9.098 4.456

ASN60H-HA 7.752 4.442

GLY61H-HA2 8.385 4.303

GLY61H-HA3 8.374 3.694

ASP62H-HA 7.899 4.688

ASP62H-HB3 7.901 2.674

ASP62H-HB3 7.902 2.495

LEU63H-HA 7.386 4.323

LEU63H-HB 7.386 0.22

LYS64H-HA 9.159 4.976

LYS64H-HB2 9.159 1.587

LYS64H-HB3 9.156 1.399

ILE65H-HA 8.764 4.215

LYS66H-HA 7.958 3.668

ASN67H-HA 8.685 3.947

LEU68H-HA 8.171 4.033

THR69H-HA 9.364 4.749

THR69H-HB 9.366 4.434

ARG70H-HA 9.143 3.824
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ASP71H-HA 7.997 4.488

ASP71H-HB2 7.997 2.695

ASP71H-HB3 7.997 2.42

ASP72H-HA 7.74 4.747

ASP72H-HB2 7.744 2.842

ASP72H-HB3 7.738 2.659

SER73H-HA 7.588 4.186

SER73H-HB2 7.584 4.125

SER73H-HB3 7.585 3.861

GLY74H-HA2 8.857 4.483

THR75H-HA 8.445 3.889

THR75H-HA 8.446 5.132

TYR76H-HA 10.017 5.178

TYR76H-HB2 10.011 3.108

TYR76H-HB3 10.012 3.004

ASN77H-HA 9.618 5.496

ASN77H-HB2 9.617 2.611

ASN77HA-HB3 9.617 2.508

VAL78H-HA 8.85 4.929

ASP79H-HA 8.502 5.311

ASP79H-HB2 8.504 2.44

ASP79H-HB3 8.501 2.279
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VAL80H-HA 8.198 4.867

VAL80H-HB 8.195 1.651

TYR81H-HA 9.484 5.499

TYR81H-HB 9.47 2.863

SER82H-HA 9.367 5.327

SER82H-HB 9.368 3.906

THR83H-HA 8.814 3.927

GLY85H-HA3 8.385 3.764

THR86H-HA 7.877 4.195

THR86H-HB 7.877 4.195

ARG87H-HA 9.123 4.058

ILE88H-HA 8.811 4.179

LEU89H-HA 7.425 4.43

LEU89H-HB2 7.422 1.476

LEU89H-HB3 7.426 1.308

ASN90H-HA 8.38 5.571

ASN90H-HB2 8.382 2.647

ASN90H-HB3 8.38 2.319

LYS91H-HA 8.711 4.694

LYS91H-HB2 8.711 1.633

LYS91H-HB2 8.711 1.372

LYS91H-HG 8.712 1.217
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GLU92H-HA 8.424 5.325

GLU92H-HB2 8.426 2.093

GLU92H-HB3 8.426 1.872

GLU92H-HG 8.427 2.211

LEU93H-HA 9.562 4.942

LEU93H-HB2 9.561 1.682

LEU93H-HB3 9.556 1.46

ASP94H-HA 8.849 5.026

ASP94H-HB2 8.843 2.546

ASP94H-HB3 8.841 2.486

ARG96HA-H 9.078 4.452

ILE97H-HA 8.532 4.655

LEU98H-HA 8.962 4.389

GLU99H-HA 8.24 4.193

GLU99H-HB2 8.242 2.065

GLU99H-HB3 8.242 1.9

GLU99H-HG 8.237 2.236
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Assignments of HSQC spectra with EGTA 

Assignment W1 w2 

   

G4H-N 8.712 111.325

T5H-N 8.244 118.58

V6H-N 9.187 128.591

W7H-N 8.68 126.162

G8H-N 9.039 109.069

A9H-N 8.403 125.683

L10H-N 8.844 122.215

G11H-N 9.514 111.814

H12H-N 8.074 119.03

G13H-N 8.804 109.978

I14H-N 8.828 122.167

N15H-N 8.045 123.701

N15HD21-ND2 7.562 110.921

N15HD22-ND2 6.674 110.974

N17H-N 8.271 119.576

N17HD21-ND2 8.36 112.309

N20H-N 9.009 116.747

N20HD21-ND2 7.772 113.3

N20HD22-ND2 7.101 113.297
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F21H-N 7.745 118.349

Q22H-N 7.218 126.79

Q22HE21-NE2 7.583 112.716

Q22HE22-NE2 6.916 112.747

M23H-N 8.573 124.172

T24H-N 7.006 116.982

D25H-N 8.847 120.714

D26H-N 8.316 116.077

I27H-N 7.728 120.491

E29H-N 7.913 115.852

V30H-N 9.233 125.34

R31H-N 9.458 127.101

W32H-N 9.481 124.671

E33H-N 9.834 123.417

R34H-N 8.872 123.244

G35H-N 9.026 118.893

S36H-N 7.61 114.864

L38H-N 8.819 130.162

V39H-N 9.271 124.983

A40H-N 8.131 119.746

E41H-N 9.792 121.834

F42H-N 9.587 128.496
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K43H-N 8.564 129.922

M46H-N 8.118 118.576

F49H-N 8.884 122.608

L50H-N 7.793 127.708

S52H-N 7.83 108.898

G53H-N 8.836 106.192

A54H-N 8.157 121.936

F55H-N 7.381 115.108

E56H-N 8.987 119.416

L58H-N 9.118 129.608

N60H-N 7.782 112.433

N60HD21-ND2 7.388 108.931

N60HD22-ND2 6.699 108.936

G61H-N 8.348 108.304

D62H-N 7.922 119.782

L63H-N 7.404 120.88

K64H-N 9.183 127.999

I65H-N 8.784 127.297

K66H-N 7.999 125.33

N67H-N 8.689 117.007

N67H-N 7.391 111.26

N67HD22-ND2 6.715 111.221
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T69H-N 9.393 118.504

R70H-N 9.166 120.601

D71H-N 8.022 117.035

G74H-N 9.035 111.19

T75H-N 8.469 116.158

Y76H-N 10.053 129.175

N77H-N 9.65 120.949

N77HD21-ND2 7.564 114.239

N77HD22-ND2 7.074 114.241

V78H-N 8.873 119.138

D79H-N 8.515 121.535

V80H-N 8.211 123.941

Y81H-N 9.501 125.147

S82H-N 9.286 119.747

T83H-N 8.862 116.344

N84HD21-ND2 7.803 111.901

N84HD22-ND2 7.073 111.88

G85H-N 8.414 108.237

T86H-N 7.894 116.83

R87H-N 9.133 128.124

I88H-N 8.864 126.992

L89H-N 7.461 120.334
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N90H-N 8.395 122.167

N90HD22-ND2 6.968 112.333

K91H-N 8.745 124.055

E92H-N 8.433 121.985

L93H-N 9.578 125.71

R96H-N 9.107 129.135

I97H-N 8.548 120.342

L98H-N 8.998 130.214

E99H-N 8.265 129.544

 

Assignment of HSQC with 10 mM Ca2+ 

Assignment HN HA 

Peak 

intensity 

    

G4H-N 8.712 111.325 2475637

T5H-N 8.244 118.58 1316606

V6H-N 9.187 128.591 410015

W7H-N 8.68 126.162 523927

G8H-N 9.039 109.069 861990

A9H-N 8.403 125.683 997117

L10H-N 8.844 122.215 311134

G11H-N 9.514 111.814 385247
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H12H-N 8.074 119.03 596465

G13H-N 8.804 109.978 669372

I14H-N 8.828 122.167 312228

N15H-N 8.045 123.701 691520

N15HD21-ND2 7.562 110.921 460981

N15HD22-ND2 6.674 110.974 346120

N17H-N 8.271 119.576 1103132

N17HD21-ND2 8.36 112.309 469553

N20H-N 9.009 116.747 573012

N20HD21-ND2 7.772 113.3 936118

N20HD22-ND2 7.101 113.297 996013

F21H-N 7.745 118.349 798603

Q22H-N 7.218 126.79 2282441

Q22HE21-NE2 7.583 112.716 2605259

Q22HE22-NE2 6.916 112.747 2602019

M23H-N 8.573 124.172 651220

T24H-N 7.006 116.982 781738

D25H-N 8.847 120.714 745030

D26H-N 8.316 116.077 693661

I27H-N 7.728 120.491 447661

E29H-N 7.913 115.852 622636

V30H-N 9.233 125.34 383032
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R31H-N 9.458 127.101 565889

W32H-N 9.481 124.671 364765

E33H-N 9.834 123.417 291104

R34H-N 8.872 123.244 242058

G35H-N 9.026 118.893 445673

S36H-N 7.61 114.864 1031586

L38H-N 8.819 130.162 822721

V39H-N 9.271 124.983 309244

A40H-N 8.131 119.746 620293

E41H-N 9.792 121.834 527137

F42H-N 9.587 128.496 524970

K43H-N 8.564 129.922 634673

M46H-N 8.118 118.576 952523

F49H-N 8.884 122.608 1783823

L50H-N 7.793 127.708 724445

S52H-N 7.83 108.898 976199

G53H-N 8.836 106.192 1290352

A54H-N 8.157 121.936 925127

F55H-N 7.381 115.108 1121838

E56H-N 8.987 119.416 225526

L58H-N 9.118 129.608 417695

N60H-N 7.782 112.433 860438
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N60HD21-ND2 7.388 108.931 255322

N60HD22-ND2 6.699 108.936 263368

G61H-N 8.348 108.304 893416

D62H-N 7.922 119.782 995873

L63H-N 7.404 120.88 380254

K64H-N 9.183 127.999 305707

I65H-N 8.784 127.297 521642

K66H-N 7.999 125.33 1018893

N67H-N 8.689 117.007 961306

N67H-N 7.391 111.26 477391

N67HD22-ND2 6.715 111.221 544533

T69H-N 9.393 118.504 1113858

R70H-N 9.166 120.601 794402

D71H-N 8.022 117.035 951556

G74H-N 9.035 111.19 913443

T75H-N 8.469 116.158 718606

Y76H-N 10.053 129.175 508680

N77H-N 9.65 120.949 641608

N77HD21-ND2 7.564 114.239 617467

N77HD22-ND2 7.074 114.241 442100

V78H-N 8.873 119.138 658903

D79H-N 8.515 121.535 636460
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V80H-N 8.211 123.941 1058324

Y81H-N 9.501 125.147 387636

S82H-N 9.286 119.747 507123

T83H-N 8.862 116.344 1421226

N84HD21-ND2 7.803 111.901 222519

N84HD22-ND2 7.073 111.88 618326

G85H-N 8.414 108.237 1091834

T86H-N 7.894 116.83 614913

R87H-N 9.133 128.124 1151942

I88H-N 8.864 126.992 316246

L89H-N 7.461 120.334 554681

N90H-N 8.395 122.167 610749

N90HD22-ND2 6.968 112.333 572175

K91H-N 8.745 124.055 492025

E92H-N 8.433 121.985 676148

L93H-N 9.578 125.71 991419

R96H-N 9.107 129.135 286060

I97H-N 8.548 120.342 804597

L98H-N 8.998 130.214 795748

E99H-N 8.265 129.544 1262501
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Assignments of HSQC spectra with 10 µM Mn2+ 

Assignment w1 w2 Peak 
intensity 

    

G4H-N 8.705 111.315 406434

T5H-N 8.246 118.646 510790

V6H-N 9.171 128.535 446708

W7H-N 8.68 126.162 507841

G8H-N 9.036 109.092 479516

A9H-N 8.384 125.651 196031

L10H-N 8.841 122.275 143053

G11H-N 9.527 111.864 314399

H12H-N 8.079 119.078 464203

G13H-N 8.809 110.053 318577

I14H-N 8.833 122.162 135090

N15H-N 8.04 123.705 304578

N15HD21-ND2 7.552 110.994 219322

N15HD22-ND2 6.667 111.035 296770

L16H-N 9.562 125.731 537287

N17H-N 8.27 119.625 222973

N17HD21-ND2 8.361 112.405 202842

N20H-N 9 116.735 415025

N20HD21-ND2 7.771 113.301 547388
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N20HD22-ND2 7.099 113.345 533147

F21H-N 7.741 118.383 316585

Q22H-N 7.217 126.831 452783

Q22HE21-NE2 7.582 112.728 811152

Q22HE22-NE2 6.912 112.731 737656

M23H-N 8.574 124.217 693517

T24H-N 7.007 117 559180

D25H-N 8.838 120.74 555487

D26H-N 8.315 116.149 145655

E29H-N 7.912 115.889 199214

V30H-N 9.229 125.352 155102

R31H-N 9.453 127.121 237733

W32H-N 9.485 124.683 188706

G35H-N 9.03 118.943 468583

S36H-N 7.61 114.913 732884

L38H-N 8.805 130.175 244565

V39H-N 9.268 125.027 181453

A40H-N 8.127 119.763 555407

E41H-N 9.797 121.858 399149

F42H-N 9.576 128.51 365249

K43H-N 8.574 129.912 385119

M46H-N 8.12 118.648 595367
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F49H-N 8.879 122.673 740506

L50H-N 7.791 127.719 342307

S52H-N 7.824 108.95 665970

G53H-N 8.839 106.179 253843

A54H-N 8.155 121.98 601153

F55H-N 7.363 115.154 378038

E56H-N 8.978 119.473 97940

L58H-N 9.128 129.63 337670

N60H-N 7.781 112.438 551525

N60H-ND2 7.389 108.947 136717

N60HD22-ND2 6.694 109.053 111211

G61H-N 8.348 108.363 343244

D62H-N 7.92 119.783 486946

L63H-N 7.405 120.964 298689

K64H-N 9.184 128.04 277129

I65H-N 8.784 127.279 317548

K66H-N 8 125.325 554778

N67H-N 8.689 117.006 621220

N67H-N 7.391 111.297 343975

N67HD22-ND2 6.709 111.285 313075

T69H-N 9.39 118.525 543576

R70H-N 9.16 120.613 499908
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D71H-N 8.018 117.082 177591

G74H-N 9.03 111.186 445066

T75H-N 8.463 116.171 617312

Y76H-N 10.038 129.204 299238

N77H-N 9.659 121.006 75421

V78H-N 8.871 119.192 101756

D79H-N 8.518 121.578 405307

V80H-N 8.205 123.945 582899

Y81H-N 9.504 125.212 189715

S82H-N 9.29 119.777 138354

T83H-N 8.866 116.348 503822

N84HD21-ND2 7.805 111.888 240831

N84HD22-ND2 7.071 111.901 255220

G85H-N 8.402 108.249 128649

T86H-N 7.889 116.86 566622

R87H-N 9.13 128.119 722173

I88H-N 8.864 126.991 330295

L89H-N 7.451 120.329 430346

N90H-N 8.385 122.14 316172

N90HD22-ND2 6.967 112.39 125387

K91H-N 8.719 123.984 79571

E92H-N 8.427 122.076 172974
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L93H-N 9.584 125.737 624878

D94H-N 8.866 123.582 158158

R96H-N 9.091 129.173 310432

I97H-N 8.559 120.347 418921

L98H-N 8.986 130.204 433720

E99H-N 8.259 129.616 707203

 

Assignments of HSQC spectra with 20 µM Mn2+ 

Assignment w1 w2 Peak 
intensity 

    

G4H-N 8.708 111.359 269594

T5H-N 8.244 118.608 689344

V6H-N 9.194 128.575 364971

W7H-N 8.68 126.162 558724

G8H-N 9.034 109.084 465894

A9H-N 8.397 125.663 281020

L10H-N 8.848 122.173 71758

G11H-N 9.509 111.836 605575

H12H-N 8.073 119.061 406533

G13H-N 8.801 110.028 258239

I14H-N 8.835 122.213 57724

N15H-N 8.049 123.716 573668
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N15HD21-ND2 7.559 110.945 262259

N17H-N 8.292 119.677 92872

N17HD21-ND2 8.367 112.357 245946

N20HD21-ND2 7.78 113.323 636577

N20HD22-ND2 7.091 113.315 342119

F21H-N 7.75 118.371 193989

Q22H-N 7.216 126.839 377400

Q22HE21-NE2 7.592 112.764 901969

Q22HE22-NE2 6.918 112.741 1382654

M23H-N 8.583 124.263 613812

T24H-N 7.009 116.989 568391

D25H-N 8.844 120.734 629182

D26H-N 8.309 116.091 69190

V30H-N 9.232 125.402 144136

R31H-N 9.462 127.055 247088

W32H-N 9.482 124.639 130578

G35H-N 9.027 118.91 818918

S36H-N 7.617 114.881 719433

L38H-N 8.828 130.211 631585

V39H-N 9.267 125.066 149658

A40H-N 8.126 119.689 331527

E41H-N 9.79 121.856 508314



 

 

346

F42H-N 9.589 128.48 407731

K43H-N 8.56 129.955 339060

M46H-N 8.118 118.6 673083

F49H-N 8.897 122.652 767195

L50H-N 7.791 127.716 608505

S52H-N 7.818 108.896 447864

G53H-N 8.831 106.208 465099

A54H-N 8.159 121.959 839408

F55H-N 7.374 115.128 607527

E56H-N 8.981 119.443 65646

L58H-N 9.131 129.646 368680

N60H-N 7.785 112.462 512509

N60HD21-ND2 7.392 109.024 96164

G61H-N 8.347 108.308 467309

D62H-N 7.931 119.795 477457

L63H-N 7.408 120.913 376913

K64H-N 9.179 127.97 204241

I65H-N 8.795 127.306 352254

K66H-N 8.015 125.346 682296

N67H-N 8.681 117.001 690007

N67H-N 7.402 111.283 360822

T69H-N 9.382 118.519 435256
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R70H-N 9.169 120.615 469970

D71H-N 8.023 116.962 137013

G74H-N 9.029 111.179 596409

T75H-N 8.471 116.193 565966

Y76H-N 10.062 129.168 334811

D79H-N 8.51 121.606 117592

V80H-N 8.198 123.969 241860

Y81H-N 9.5 125.149 115195

T83H-N 8.865 116.358 577950

N84HD21-ND2 7.807 111.902 204614

N84HD22-ND2 7.068 111.886 220181

G85H-N 8.421 108.216 99386

T86H-N 7.891 116.87 364257

R87H-N 9.129 128.121 656346

I88H-N 8.86 127.021 568552

L89H-N 7.461 120.323 349086

N90H-N 8.405 122.142 212144

N90HD22-ND2 6.97 112.41 64211

E92H-N 8.448 122.127 104738

L93H-N 9.584 125.737 681956

R96H-N 9.102 129.201 285560

I97H-N 8.552 120.365 781165
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L98H-N 8.997 130.241 570056

E99H-N 8.265 129.588 853050

 

 

DelPhi run file for CD2.6D79 

gsize=165 

perfil=20 

Acenter(0,0,0) 

in(pdb,file="6d79.pdb") 

in(siz,file="default-cal.siz") 

in(crg,file="default-cal.crg") 

out(phi,file="6d79.phi") 

indi=4 

exdi=80 

prbrad=1.4 

salt=0.01 

bndcon=2 

maxc=0.0001 

autoc=t 

nonit=800 

energy (s,c,g) 
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DelPhi run file for R87 calculation in 6D79  

gsize=165 

perfil=20 

Acenter(0,0,0) 

in(pdb,file="6d79.pdb") 

in(siz,file="default-cal.siz") 

in(crg,file="default-cal.crg") 

in(frc,file="6d79-87.frc") 

out(frc,file="6d79-87-out.frc") 

indi=4 

exdi=80 

prbrad=1.4 

salt=0.01 

bndcon=2 

maxc=0.0001 

autoc=t 

nonit=800 

energy (s,c,g) 
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Output frc file for residue R87 in CD2.6D79 

DELPHI SITE POTENTIAL FILE      
grid size,percent fill:          65   20 0     
outer diel. and first one assigned :   8 0 4    
ionic strength (M):  9.9999998E-03      
ion excl., probe radii:   2.000000 1.4 1.4 0   
linear, nolinear iterations:          10  800    
boundary condition:           2      
Data Output: COORDINATES CHARGE 
POTENTIA LS FIELDS    

title: qdiffxas: qdiffxs4 with an improv 
ed 
surfac 

ing 
routine    

      
      

ATOM COORDINATES (X,Y,Z)     CHARGE 
GRID 
PT. 

GRID 
FIEL 

DS: 
(Ex, 

Ey, 
Ez)  

-9.2880   10.5830   -9.2630    0.0000 -0.7468 -0.121 -0.175 0.0869  
-8.1810   10.3110   -8.3580    0.0000 -0.9032 -0.1956 -0.358 0.108  
-8.4400   11.0620   -7.0510    0.0000 -0.9752 -0.1962 -0.417 0.0875  
-8.4420   12.2910   -7.0390    0.0000 -0.8197 -0.1396 -0.27 0.0609  
-6.8510   10.7410   -8.9910    0.0000 -0.5409 -0.2552 -0.252 0.0771  
-5.6920   10.5220   -8.0060    0.0000 -0.0836 -0.1676 -0.545 0.1265  
-4.3350   10.8850   -8.6220    0.0000 0.5408 -0.0066 -0.382 0.0724  
-3.9930   10.0510   -9.7820    0.0000 0.7749 0.0654 -0.152 0.0842  
-3.6630    8.7490   -9.7410    0.0000 0.4608 0.1784 -0.726 0.5513  
-3.6500    8.0830   -8.5810    0.5000 -2.3079 0.2346 -1.803 0.8075  
-3.3490    8.1130  -10.8740    0.5000 1.5271 0.2387 -0.48 0.6465  
-8.1330    9.2380   -8.1730    0.0000 -1.6034 -0.042 -0.618 0.2098  
-6.6890   10.1480   -9.8910    0.0000 -0.4439 -0.2307 -0.174 0.0991  
-6.8950   11.7970   -9.2650    0.0000 -0.5101 -0.1858 -0.143 0.0503  
-5.8260   11.1620   -7.1330    0.0000 -0.2769 -0.1655 -0.602 0.1461  
-5.7020    9.4860   -7.6680    0.0000 -1.4709 0.007 -1.057 0.3087  
-4.3660   11.9270   -8.9430    0.0000 0.2545 0.0107 -0.12 0.0257  
-3.5580   10.7970   -7.8630    0.0000 0.8779 0.0592 -0.745 0.1642  
-4.0020   10.5150  -10.6800    0.0000 0.8612 0.0525 0.2874 -0.143  
-3.3800    7.1010   -8.5450    0.0000 -3.8589 0.3034 -2.385 1.1121  
-3.8700    8.5490   -7.7140    0.0000 -3.1511 0.2035 -2.03 0.6727  
-3.2250    7.1040  -10.8550    0.0000 1.6278 0.3085 -0.814 0.993  
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-3.3260    8.5980  -11.7580    0.0000 0.8814 0.1842 -0.269 0.2458  
-9.1250   11.2070  -10.0390    0.0000 -0.5838 -0.1035 -0.072 0.075  
total energy =  -0.1951905     kt      

 

DelPhi run file for R87 calculation in CD2 

gsize=165 

perfil=20 

Acenter(0,0,0) 

in(pdb,file="cd2.pdb") 

in(siz,file="default-cal.siz") 

in(crg,file="default-cal.crg") 

in(frc,file="cd2-87.frc") 

out(frc,file="cd2-87-out.frc") 

indi=4 

exdi=80 

prbrad=1.4 

salt=0.01 

bndcon=2 

maxc=0.0001 

autoc=t 

nonit=800 

energy (s,c,g) 
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Output frc file for residue R87 in CD2 

DELPHI SITE POTENTIAL FILE     
grid size,percent fill:          65   20 0    
outer diel. and first one assigned :   8 0 2   
ionic strength (M):  0.0000000E+00     
ion excl., probe radii:   2.000000 1.4 1.4 0  
linear, nolinear iterations:         340  30   
boundary condition:           2     
Data Output: COORDINATES CHARGE 
POTENTIA LS FIELDS   

title: qdiffxas: qdiffxs4 with an improv 
ed 
surfac 

ing 
routine   

     
     

ATOM COORDINATES (X,Y,Z)     CHARGE 
GRID 
PT. 

GRID 
FIEL 

DS: 
(Ex, 

Ey, 
Ez) 

-9.2500   10.5830   -9.2870    0.0000 -2.5052 -0.0163 -0.208 0.279
-8.1150   10.3280   -8.4120    0.0000 -3.2492 -0.0434 -0.594 0.425
-8.3480   11.0810   -7.1010    0.0000 -3.5766 -0.0177 -0.762 0.374
-8.3510   12.3100   -7.0920    0.0000 -3.1246 0.0136 -0.526 0.275
-6.8170   10.7760   -9.0970    0.0000 -2.6979 -0.1998 -0.482 0.446
-5.6040   10.5640   -8.1790    0.0000 -2.6112 -0.1396 -1.271 0.781
-4.2890   10.9520   -8.8720    0.0000 -1.5552 -0.0264 -0.89 0.697
-4.0200   10.1510  -10.0770    0.0000 -0.625 0.0454 0.0317 0.554
-3.6900    8.8480  -10.0820    0.0000 -0.4217 0.1088 -0.651 1.722
-3.5640    8.1820   -8.9310    0.5000 -6.9997 -0.0246 -2.869 2.386
-3.4980    8.2090  -11.2400    0.5000 1.1884 0.1873 -0.348 1.722
-8.0470    9.2560   -8.2230    0.0000 -4.4741 0.4295 -0.863 0.613
-6.6930   10.1920  -10.0090    0.0000 -2.1458 -0.2204 -0.201 0.477
-6.8850   11.8330   -9.3610    0.0000 -2.4573 -0.1323 -0.273 0.325
-5.7010   11.1920   -7.2920    0.0000 -3.1069 -0.107 -1.501 0.821
-5.5810    9.5240   -7.8530    0.0000 -5.6649 0.2212 -2.096 1.162
-4.3460   12.0020   -9.1610    0.0000 -1.7401 0.0231 -0.356 0.45
-3.4620   10.8490   -8.1680    0.0000 -1.4772 -0.0195 -1.794 1.105
-4.1010   10.6310  -10.9610    0.0000 -0.651 0.0561 0.5121 0.078
-3.3220    7.1920   -8.9070    0.0000 -9.6627 -0.0962 -3.582 2.983
-3.6970    8.6630   -8.0550    0.0000 -9.7059 -0.0878 -3.728 2.111
-3.3850    7.1990  -11.2290    0.0000 1.759 0.2415 -0.758 2.444
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-3.5570    8.6950  -12.1230    0.0000 -0.0248 0.1444 -0.149 0.753
-9.1090   11.1920  -10.0790    0.0000 -2.1311 -0.0454 -0.049 0.249
total energy =   -1.452820     kt     
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