SUPPLEMENTARY INFORMATION

SUPPLEMENTARY METHODS
Crystallography

We initially attempted to solve the structure of IgFLNal9-21 using a KHgl
derivative crystal that grew in space group P4(1)22. Datasets were collected in three
different wavelengths (representative numbers for data quality are given in Table S1) and
the multiple wavelength anomalous dispersion (MAD) method was used to locate two Hg
atoms in the asymmetric unit of the crystal by using the programs SHELXD and
SHELXE (Schneider and Sheldrick, 2002). The electron density map calculated based on
the phases derived from the heavy atom position could be used to build two partial
domains and an extra 3 strand connected to one of the domains, but the connections
between these structures could not be unambiguously built.
In addition to the Hg derivative, several other approaches were also attempted including
Se-Met labeled protein or KBr soaking to use Br ions bound to the protein for further
phasing. The crystals diffracted typically to about 3.0 A resolution, were non-isomorphic
with each other, and belonged to either P4(1)22 or C222(1) space groups. Finally the best
dataset of KBr soaked crystals could be used to 2.5 A resolution in space group C222(1)
and this could be solved by molecular replacement as described in the methods section of
the manuscript. The structure was solved and refined with the CCP4 program package
(Potterton et al, 2003). Solvent atoms were added to the model using the program
ARP/WARP (Perrakis et al, 1999). Four dioxane molecules and one glycerol were

included in the model.



To guard against model bias the molecular replacement solution was subjected to
simulated annealing using the program CNS (Brunger et al, 1998). Furthermore,
Arp/Warp (Perrakis et al, 1999) was used to build a dummy atom model based on the
molecular replacement model phases and to automatically build part of the amino-acid
sequence. Neither of these approaches revealed any large errors in the molecular
replacement solution. Thus, the electron density map derived from the molecular
replacement solutions was taken as a starting point for building the missing side chains in
domain 19 and 21, domain 20 and connections between the three domains. In the final
refinement the individual domains were defined as TLS groups so that the first strand of
IgFLNa20 was included in the same group with the IgFLNa21 of the same chains. Thus,
6 TLS groups were used. Tight non-crystallographic symmetry (NCS) restrains were used
in the final refinement between IgFLNa21+first stand of IgFLNA20 in chains A and B
and between IgFLNal9 of chains A and B. The deposited pdb file contains the TLS
tensor values for each of the TLS groups and residual isotropic B-factors for each atom.
The total B-factor values shown in Figure 1B and in Table I were calculated with the

program TLSANL (Howlin et al, 1993)

The Se-Met peak dataset (Table S1) was used for the validation of the partial model of
IgFLNa20 so that an anomalous difference map was calculated using the phases derived
from the final model. Similarly, anomalous difference map was calculated for the Br ions

in the KBr-soaked crystal that was used for actual model building.

Molecular dynamics



For molecular dynamics simulation, the missing amino acid residues were added with
Modeller8v2 (Sali and Blundell, 1993). The tleap module in antechamber (Wang et al,
2004; Wang et al, 2006) was used to produce: (i) the parm99 force field parameters for
the protein, (ii) the solvation of system with 18 405 TIP3 waters extending 13 A in all
dimension around the solute, and (iii) the neutralization of system by adding 14 sodium
ions.

Energy minimizations and MD simulations were performed using the NAMD (Phillips et
al, 2005). First the system was equilibrated as follows. At first the energy minimization
of the hydrogen atoms was performed by using the steepest descent algorithm (3000
steps). Followed by a similar minimization of all atoms with restrained C"-atoms with a
harmonic force of 5 kcalmolA™. Then a MD simulation was performed, first at constant
volume (for 300 ps) and then at constant pressure (for a further 300 ps) for the whole
system, with the C%-atoms restrained as above. Finally, the whole system was
equilibrated at constant pressure without any restrains for 450 ps. Finally a production
simulation was performed for 10 ns. A constant pressure of 1 atm was maintained by
using a Nosé-Hoover Langevin piston (Feller et a/, 1995).

Time step of simulation was 2 fs, by using a multiple time stepping scheme (Schlick ef al,
1999) where long-range electrostatic interactions were calculated only every third time
step, while covalent and short-range interactions were computed every time step. A cutoff
of 12 A was used for van der Waals and short-range electrostatic interactions; a switching
function was started at 10 A for the van der Waals to ensure a smooth cutoff. The
simulation was performed under periodic boundary conditions, with full-system, long-

range electrostatics calculated by using the particle-mesh Ewald method. (Darden et al,



1993; Essmann et al, 1995; Sagui and Darden, 1999; Toukmaji et al, 2000). Bonds
containing hydrogen atoms were constrained with the SHAKE algorithm. (Ryckaert et al,
1977). Trajectories obtained from the MD simulations were analyzed with ptraj6.5

(standalone version: www.chpc.utah.edu/~cheatham/software.html) and Bodil (Lehtonen

et al, 2004) Figures were produced using Bodil (Lehtonen et al., 2004).


http://www.chpc.utah.edu/%7Echeatham/software.html

SUPPLEMENTARY FIGURES

Figure S1. Validation of the IgFLNa model. Anomalous difference electron density
calculated from a Se-Met labeled crystal of [gFLNal9-21 (green mesh, visualized at 4 o)
superimposes with the two Met residues present in IgFLNa20. No anomalous density was
observed for the third Met residue (Met-1 in IgFLNa19) which is the 1% residue of the

model.
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Figure S2. Molecular dynamics of [gFLNal19-21 reveals a rigid structure. A. The starting
conformation of the IgFLNal9-21 (solid surface) is compared with a representative
conformation at the end of simulation (transparent surface) so that IgFLNa21 (green)
structures are superimposed. This comparison indicates that both IgFLNa20 (red) and
IgFLNal9 (yellow) moved closer to IgFLNa2l during the simulation. This can be
explained by stabilization of the domain-interactions. B,C. Details of the stabilization
between IgFLNa20 and IgFLNa21 can be understood as a gap (indicated with an arrow in
B) seen between IgFLN20 and IgFLN21 is closed during the MD simulation. D,E.

Movement of I[gFLNa20 (D) and IgFLNal9 (E) is also indicated as ribbon diagrams.
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Figure S3. Competition between IgFL.Na20 and integrin can be shown by NMR. Integrin
B7 peptide can replace IgFLNa20 from an IgFLNa20-IgFLNa21 complex. A spectral
superposition of IgFLNa2l (red), IgFLNa21+30xIgFLNa20 (gold),
IgFLNa21+30xIgFLNa20+6xB7 (cyan), and IgFLNa2l+6xB7 (purple) is shown.
Initially, thirty-fold IgFLNa20 was added to IgFLNa21 alone. Next, six-fold B7 peptide
was added to the same solution. As a reference, a six-fold B7 peptide was added to
IgFLNa21 alone. The similarity of the triple component spectrum to that of the reference
indicates that B7 is able to displace IgFLNa20 from the IgFLNa20-IgFLNa21 complex.
IgFLNa21 has much stronger binding affinity for 7 than IgFLNa20, and integrin 7 can
replace IgFLNa20 at a rather lower ratio; however the local concentration of IgFLNa20
and IgFLNa21 is very high when they are covalently attached.

The boxes show the isolated movement of peaks corresponding to two specific residues,
which were chosen to exemplify the effects of ligand binding. S2279 is positioned on the
loop between the C and D strands and E2301 on the loop between the E and F strands of
IgFLNa21. The chemical environments of these two residues are seen to be significantly

altered by ligand binding.
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Figure S4.
Structure based sequence alignment of IgFL.Nal6-24 reveals sequence differences in the
first strand and notably even-numbered domains 16, 18, 20 and 22 are most different. The

residues that are identical in more than 50 % of sequences are boxed.
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Fig.S4
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Table S1: Statistics of datasets collected’

KHgl peak SeMet Peak KBr peak
(used for final
refinement)
Wavelength 1.0044 A 0.97963 0.919750
Spacegroup P4,22 C222,; C222,;
Unit cell 53.14 A, 74.5 A 723 A
53.14 A, 74.8 A 78.4 A
231.19A 2302 A 229. A
90° 90° 90°
90° 90° 90°
90° 90° 90°
Resolution 39.3-:32 A 40-3.1 A (3.2- | 43.3-2.5 A (2.56-
range (3.3-32 A7 |3.14) 2.50 A)
Rmerge 0.080 (0.301) | 0.080 (0.297) | 0.073 (0.267)
I/Sigma [ 15.1 (5.45) 17.9 (6.54) 17.3 (3.95)
Number of 10448 12079 20422
reflection
Completeness | 100% 99.9% 98.7% (89.9%)
N:o of heavy | 2[2]° 6[0] 2[0]

atoms (found)

'Only the KBr dataset was used for structure solution, SeMet dataset was used for

validation (Figure S1).
*Values in parentheses correspond to the highest resolution shell

3Values in brackets indicate the number of heavy atoms found by the SHELXD program
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