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Experimental 

The H189Q mutation was introduced into full length EI (residues 1-575) using the 

QuikChange mutagenesis kit (Stratagene). Cloning, expression, uniform 15N/2H isotopic labeling 

and purification of EI(H189Q) were identical to that previously described for wild-type EI.S1 

NMR samples comprised 0.15 mM U-[15N/2H]-EI(H189Q) dimer (0.3 mM in subunits) in 20 

mM Tris buffer, pH 7.4, 100 mM NaCl, 10 mM dithiothreitol, 4 mM MgCl2, 1 mM EDTA, 1 

tablet of protease inhibitor cocktail (SigmaFast S8830) and 6% D2O (v/v). Samples for 

SAXS/WAXS were identical except that the concentration of EI(H189Q) dimer was 40 μM (80 

μM in subunits). 

NMR spectra were recorded at 37°C on a Bruker 600 MHz DRX spectrometer equipped with 

a z-shielded gradient triple resonance cryoprobe. Spectra were processed and analyzed using the 

programs NMRPipeS2 and PIPP.S3 Assignment of the EIN domain in the context of full-length 

EI(H189Q) was carried out only for the well-resolved cross-peaks in the 2D 1H-15N TROSY 

spectrum that overlayed directly onto well-resolved cross-peaks in the previously assigned 

spectrum of the isolated EIN domain,S4 as described previouslyS1 (See Fig. S1). 1DNH RDCs were 

measured by taking the difference in the one-bond 1H-15N splittings (1JNH + 1DNH) in aligned (~11 

mg/ml phage pf1S5,S6) and isotropic media using the TROSY-based ARTSY method.S7 
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SAXS/WAXS data collection at 25°C was exactly as described previously.S1 The solution X-

ray scattering data were acquired at the Beam Line 12-IDC at the Advanced Photon Source 

(Argonne National Laboratory, Argonne, IL) using a Gold CCD detector positioned at two 

distances, 4 m and 36 cm, corresponding to SAXS and WAXS, respectively.  

Sedimentation velocity experiments to determine the dimerization constant for the 

EI(H189Q) dimer were performed and analyzed exactly as described previously for wild-type 

EI,S1 and yielded a dimerization constant of 0.7 μM with 5-95% confidence limits of 0.5-0.8 μM. 

The values obtained for the Svedberg sedimentation coefficients (obtained by extrapolation to 

zero concentration) were 4.79 S and 5.74 S for the monomer and dimer, respectively. These 

values are similar to the values of 4.25 S and 5.68 S, respectively, obtained previously for wild-

type EI.S1 The concentration of monomer present in the NMR and SAXS/WAXS samples is very 

small, and model calculations indicate that the contribution of monomer to the RDC and 

SAXS/WAXS data is negligible (<5%) and can be ignored. 

Isothermal titration calorimetry was performed using a MicroCal iTC 200 Microcalorimeter 

as described previously.S1 The KD for the binding of HPr to the EI(H189Q) mutant  is 25±1 μM at 

25°C and 11±2 μM at 37°C. These values are comparable to the values obtained for wild-type EI 

(29±1 μM and 7±2 μM),S1 indicating that the H189Q mutation does not result in any significant 

perturbation in the interaction with HPr. 

 

Simulated annealing refinement 

The protocol used for conjoined rigid body/torsion angle/cartesian simulated annealing, 

which makes use of Xplor-NIH,S8 was exactly as described for wild-type EI with the exception 

that the EIN  and EIN /  subdomains were treated as separate rigid bodies with coordinate 

degrees of freedom given to the linker regions (residues 22-24 and 143-146) connecting the two 

subdomains. Detailed descriptions of the method used to calculate SAXS/WAXS curves and of 

the SAXS/WAXS restraint potential are provided in ref. S1. Structures were displayed using 

VMD-XPLOR.S9 
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Supplementary figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. Overlay of 1H-15N TROSY spectrum of the intact (residues 1-575) E. coli E(H189Q) 

mutant and the isolated wild-type EIN (residues 1-249) domain (red) recorded at 600 MHz and 

37°C. Clearly resolved cross-peaks in the EIN spectrumS4 that are either not shifted or minimally 

shifted in the intact EI(H189Q) mutant are labeled. 
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Figure S2. SVD analysis of the RDC data obtained for the EIN domain in the intact EI(H189Q) 

mutant. (A) SVD fits to the NMR coordinates (3EZA)S10 of the EIN  and EIN /  subdomains 

separately. Global fits to the whole EIN domain (single subunit) with the relative orientations of 

the EIN  and EIN /  subdomains found in (B) the NMR structure of isolated EIN in the EIN-HPr 

complex (3EZA),S10 (C) the X-ray structure of free isolated EIN (1ZYM)S11 and (D) the X-ray 

structure of the EIN domain in the trapped phosphorylated intermediate of intact EI (2HWG).S11 

To ensure that the comparisons reflect only the relative orientations of the EIN  and EIN /  

subdomains and are not influenced by variations in atomic coordinates for the different structures, 

the NMR coordinates of isolated EIN (3EZA)S10 are used throughout; the EIN  and EIN /  

subdomains are then best-fitted on to the X-ray coordinates of 1ZYM and 2HWG. The difference 

in the relative orientation of the EIN  and EIN /  subdomains in 3EZA and 1ZYM is minimal 

(5.7°). All SVD analysis was carried out using Xplor-NIH.S8 
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Figure S3. Comparison of SAXS/WAXS curves for the EI(H189Q) mutant (red) and wild type 

EI (blue).  The two curves are offset for clarity, and the gray vertical error bars are equal to 1 s.d. 

The structures calculated in this paper and in the previous one on wild type EIS1 were obtained by 

refining against the SAXS/WAXS data in the range q  0.44 Å-1, and the upper end of this range 

is indicated by the vertical dashed black line. The abrupt change in the magnitude of the error 

bars in the SAXS/WAXS curve at q = 0.22 Å-1 represents the change in geometry of the 

instrument from the SAXS (4 m detector distance) to WAXS (36 cm detector distance) regimes. 

The 2 values obtained upon fitting the restrained regularized mean structure of wild type EI to 

the wild type and mutant SAXS/WAXS data (up to q  0.44 Å-1) are 0.5 and 0.9, respectively. 

The 2 values obtained upon fitting the restrained regularized mean structure of the EI(H189Q) 

mutant to the wild type and mutant SAXS/WAXS data (up to q  0.44 Å-1) are 2.4 and 0.6, 

respectively.  (Note that qmax for the SAXS regime is instrument dependent and the sizes of the 

commonly used detectors often dictate an associated qmax of 0.2 to 0.3 Å-1 which is generally 

considered to be the upper range of the SAXS regime and corresponds to interactomic 

interactions of 20-30 Å. Data up to q = 0.2-0.3 Å-1 can generally be relatively easily fitted by 

assuming a uniformly filled shape; this region often coincides with the fall-off of the main peak at 

q = 0.0 Å-1, but that is size dependent and does not hold for large proteins or complex shapes such 

as the EI dimer). 
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