Text S1
Small-angle X-ray scattering experiment and data processing.

X-ray scattering data were collected at Synchrotron SOLEIL (Gif-sur-Yvette, France) on the beamline SWING (experiment at pH 8.8) and on a laboratory instrument (experiments at pH 7.5 and 7.3). At SOLEIL, the wavelength of the X-rays was λ=1.033 Å. Data were recorded using a CCD-based detector (AVIEX) with a sample-detector distance of 1.85 m. Solutions were circulated continuously during data recording through the 1.5 mm diameter quartz capillary using the automatic sample changer (Agilent) at a flow-rate ensuring an irradiation time of less than 1 s [1]. Under these conditions, no radiation damage could be detected in preliminary tests. Samples were prepared at 5 concentrations ranging from 1.3 to 8.5 mg/ml in 20 mM Tris-HCl buffer pH 8.8, 20 mM NaCl, 2% glycerol. All measurements were performed at 15 °C. 15 successive frames of 4.8 s each were recorded for protein solutions and buffer alike. 

Our laboratory instrument comprises a copper-coated rotating anode generator Microstar (wavelength of Cu-K ray =1.54 Å), multi-layer optics and a three pinhole small-angle apparatus Nanostar with a Vantec 2000 detector from Bruker-AXS. Samples were prepared at 3 protein concentrations ranging from 1.4 to 8.8 mg/ml in 20 mM Tris-HCl buffer pH 7.5, 10 mM NaCl, 2% glycerol. Sample at pH 7.3 (10 mM Tris-HCl buffer pH 7.3, 2% glycerol) was only prepared at 1.1 mg/ml in view of the strong tendency to rosette formation. Scattering intensities are therefore very weak even at moderate q-values, which accounts for the limited quality of recorded data. All measurements were performed at 15 °C. 

All data were averaged after normalization to the intensity of the transmitted beam before buffer subtraction using the program package PRIMUS [2]. The forward scattering I(0) and the radius of gyration (Rg) were evaluated using the Guinier approximation [3] ln[I(q)] = ln[I(0)] – Rg2/3 q2 over the q-ranges 0.42 < qRg < 1.38 and 0.48 < qRg < 1.17 at pH 8.8 and 7.5 respectively (0.48 < qRg < 1.13 at pH 7.3), where q=4π sinθ/λ is the momentum transfer, 2θ is the scattering angle. The Rg values derived from the two most dilute solutions were practically identical, showing that interparticle interactions were essentially negligible under these conditions. The curves of a dilute, interaction free sample and of the most concentrated solution were spliced after scaling to protein concentration to yield a combined, complete scattering pattern. The distance distribution function p(r) corresponds to the distribution of distances between any pair of volume elements within one particle. It was determined using the indirect Fourier transform method as implemented in the program GNOM [4]. Experimental intensities were put on an absolute scale using water as a reference [5]. From this scaled value of I(0)/c an estimate of the molecular weight can be derived. This requires the knowledge of the partial specific volume of the particle. We have taken into account the presence of two hydrocarbon chains, the sequence of which is known, using values of partial specific volumes of sugars given in [6]. The resulting value for the complete glycoprotein G was 
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 = 0.718 cm3/g. 


If a solution contains various objects with different shapes, as is the case for a flexible protein exploring a conformational space, the scattering pattern is the average of all scattering patterns of individual species weighted by their fractional concentration. In such a case, the apparent radius of gyration experimentally determined is the root mean square of individual values while the maximal diameter Dmax is not an average but that of the longest species populated enough to be experimentally detectable. Given the individual scattering patterns, the program Oligomer from the package ATSAS determines the volume fractions [7].

Modeling

Plausible monomeric intermediates models with additional C-terminal missing segment (residues 414 to 422 for the pre-fusion state and residues 410 to 422 for the post-fusion state) and sugars were built with coot [8] using the PDB coordinates (2J6J and 2CMZ). Two groups of intermediates were built. The first one (Fig. 4) corresponded to a plausible trajectory in which the fusion domain moves first, the second (Fig. S3) to another plausible trajectory in which the C-terminal segment is displaced first with respect to the core domain. 

Scattering patterns of crystal structures or models were calculated using the program Crysol [9]. Crysol has some intrinsic limitations in the determination of the contribution of the hydration layer when the center of mass is outside of the particle, as is the case for several of the models proposed as putative intermediates along the pre- to post-fusion conformation pathways. This problem was overcome using adaptations previously made by M. Petoukhov (EMBL Outstation, Hamburg) to the program in the study of a topoisomerase [10].
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