
Sigma–Aldrich, St. Louis, MO) (SI Fig. 5) was added to apo IF in
a 3:1 molar ratio, and the final concentration of IF was 10 mg/ml
in 10 mM phosphate buffer, pH �6.8. Pink crystals were obtained
in sitting drops from 10% PEG 20000/100 mM Mes, pH 6.0/20 mM
CaCl2 with 9 mM BaCl2 as an additive at 18°C in 4–6 weeks time.

Data were recorded to 2.5-Å resolution from a flash-cooled
crystal 0.4 � 0.15�� 0.08 mm in size (with 18% glycerol containing

mother liquor) near the absorption edge for cobalt. A second
crystal of similar size was soaked with 0.2 mM K2PtCl4 for 10 min,
and a complete data set to 3.2-Å resolution was collected near the
absorption edge of platinum. Both data sets were collected on a
ADSC Q315 detector at the Advanced Photon Source, Argonne
National Laboratory (Argonne, IL) on Beamline NE-CAT 8BM,
and were processed by using HKL2000 (46).

Twenty-six platinum sites were then located by using difference-
Patterson and difference-Fourier methods with ShelxD (47) and
the CCP4 program suite (48). Initial phases using both data sets
were calculated by SIRAS using BP3 (48) and improved with
solvent flattening in RESOLVE (49); in the process, the resolution
extended to 2.6 Å. The resulting electron density map revealed clear
main-chain density and substantial side-chain detail. After skel-
etonization using COOT (50) and using the model of TC (18) as a
reference, the path of the main chain could be traced for one of the
two complete molecules of IF in the asymmetric unit. Although
broken, the density for the other complete molecule and the two
incomplete molecules was good enough to calculate rotation ma-
trices for noncrystallographic symmetry (NCS) averaging (50). The
NCS averaged map clearly showed density for the Cbl cofactor for
both complete molecules, which was confirmed from the positions
of cobalt atoms located in an anomalous scattering difference map
from the native data (49). The (2Fo�Fc) electron density map for
Cbl is shown in SI Fig. 15. Refinement at 2.6-Å resolution was then
carried out by using CNS (51) with NCS restraints. During the
refinement, model building was carried out by using COOT (50)
and Turbo-Frodo (52). Phase recombination and density modifi-
cation using the CCP4 program suite (48) and RESOLVE (49)
were carried out to remove errors in the model, because the
refinement was stalled when R and Rfree were �37.9 and 39.5,
respectively. An anomalous difference-Fourier map was calculated
to verify the positions of Cys and Met residues in the model.
However, the loop regions connecting domains � and � in the two
complete molecules appeared highly disordered and were impos-
sible to trace. Several cycles of simulated annealing, positional, and
temperature factor refinement (51) reduced the R and Rfree to
26.3% and 28.6%, respectively. At this point, water molecules were
added and the model refined further until R and Rfree values
converged to 21.3% and 24.9%, respectively (51).

The final model contains four molecules of IF, with two complete
molecules containing both �- and �-domains and two incomplete
molecules with only an �-domain. The two Cbl molecules identified
corresponded to the complete molecules. Four sugar molecules
were also located, two attached to Asn-395 of each complete
molecule along with 459 water molecules. The stereochemistry of
the model was analyzed by using PROCHECK (53). The x-ray data,
structure solution, and refinement statistics are listed in Table 1.

The chimera rat–human IF model was generated (SI Fig. 14) in
silico by mutating six residues (S31E, A33D, Y34L, G47S, A48T,
and K52E) implicated in receptor binding and subjecting them to
geometrically restrained refinement by using COOT (50).
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Table 1. Data collection, structure solution, and refinement

Co, peak data Pt, peak data

Data collection
Wavelength, Å 1.6059 1.0723
Space group P21 P21

Unit cell dimension
a, Å 90.1 90.3
b, Å 67.3 66.8
c, Å 147.7 148.4
�, ° 96.8 97.2

Resolution limit* 50–2.5 (2.6–2.5) 50–3.2 (3.3–3.2)
I/�(I) 16.5 (2.2) 12 (5.3)
Rmerge, %† 7.0 (49.1) 7.7 (23.7)
Completeness, % 91.1 (54.7) 98.4 (99.8)
Redundency 3.5 3.6
Structure solution
No. of sites 26
Figure of merit‡

Before DM 0.37
After DM 0.56
RCullis (centric/acentric/anomalous, %)§ 0.58/0.46/0.89
Phasing power (centric/acentric)¶ 0.98/1.19
Refinement
Resolution range, Å 50–2.6
R factor� 21.3
Rfree** 24.9
No. of reflections (F � 0) 50,885
Model
No. of aminoacids 1,290
No. of water molecules 459
No. of Cbl 2
No. of sugars 4
Residues in generously allowed regions 29
Residues in disallowed regions 0
Stereochemical ideality
Bonds, Å 0.01
Angles, ° 1.874
Dihedral angles, ° 22.167
Improper angles, ° 1.127

*Values in parentheses refer to the highest-resolution shell.
†Rmerge(I) � � Ii � �I� � Ii, where Ii is the intensity of the ith observation, �I�
is the mean intensity of the reflection, and the summation extends over all data.

‡Figure of merit is defined as cos	� (
 � )�.
§RCullis (iso) � ratio of lack of closure to isomorphous difference. RCullis (ano) �
ratio of lack of closure to anomalous difference.

¶Phasing power is the rms ( �FH� /E), where FH is the calculated structure factor
amplitude due to scattering by the heavy atom, and E is the residual lack of
closure error.

�R factor � � �Fo� ��Fc�/�Fo �, where Fo is observed structure factor amplitude,
�Fc� is calculated structure factor amplitude, and the summation extends over
all data.
**Rfree is the R factor obtained for a test set of reflections, consisting of a

randomly selected 3% subset (1,529 reflections) of the diffraction data, not
used during refinement.
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