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Supplementary Materials

Methods.

Waters and metals. Density for the al MIDAS and 31 ADMIDAS metals was clearly
visible. Although separate density for water molecules is not present at the resolution
obtained, waters were included near these metals when they were in density, or when
they improved the geometry of metal — protein coordination during refinement. Density
was present for metals in the B-propeller Ca**-binding p-hairpin loops; although this
density was not separate from that for surrounding metal-coordinating residues, metals
were included, because otherwise metal-coordinating oxygens came too close to one

another after refinement.

Results.

The genu. The connection between the thigh and the genu differs markedly in
conformation in oix compared to oy, and oy and helps account for the closer interaction
between the thigh and calf-1 domains in ox. The five residues in the thigh domain
preceding the genu, where the conformational differences occur, have a different
consensus sequence in 0ix and other al domain integrins than in oy, and ay and other
Arg-Gly-Asp binding integrins (Fig. S5a), suggesting that the differences in thigh/calf-1
orientation between oix and oy, described here are characteristic for these classes of
integrins. Mutations of the genu in the a-subunit, including Ca-binding residues,
decrease exposure of activation-dependent epitopes and decrease ligand binding (Fig.

S5b,c), suggesting that these mutations stabilize the bent conformation. These findings



aXb2 Supplementary EMBO revision4BIB.doc 10/13/09

suggest that Ca binds with higher affinity to the extended genu than the bent genu of al
integrins, and are consistent with the lack of a Ca-binding conformation of the genu
found here in crystals. Antibodies that recognize the active state of oy 3, map to residues
buried on the thigh domain by the calf-1 domain (Fig. 2a,b); furthermore, binding of
these antibodies also requires Ca*" and is disrupted by mutation of putative Ca-binding

residues in the genu (Xie et al, 2004).

The headpiece and Lys finger. In the headpiece of axf3,, the B-propeller domain
and BI domain associate over an extensive interface with an inter-domain orientation
essentially identical to that in ayp3. The B-propeller has seven B-sheets or blades tightly
packed together around a pseudosymmetry axis. The 3, I domain caps one hub of the -
propeller. Although the interfaces are overall similar, in axf3, compared to o3 (Xiong
et al, 2001) and ouP3 (Zhu et al, 2008), a Lys rather than an Arg finger inserts into the j3-
propeller pseudosymmetry axis, and interactions of the fingertip residue with hub

residues are less extensive (Fig. S7).
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Supplementary Figure Legends

Figure S1. Structure-based sequence alignments. a, alignment of otx with oy, (Zhu et
al, 2008) and oy (Xiong et al, 2004). b, Alignment of B, with B; (Zhu et al, 2008).
Domains were separately superimposed using SSM (Krissinel & Henrick, 2004).
Structurally equivalent residues are in upper case and otherwise in lower case. Residues
absent from structures are in italics. o or 3jp-helices are highlighted in cyan and (-

strands in pink.

Figure S2. Ectodomain constructs and all class averages from negative stain EM. a,
Schematic of integrin o3, ectodomain constructs with a C-terminal linker containing a
TEV protease cleavage site and a coiled-coil. b, Schematic of integrin ox[3; ectodomain
constructs with an additional disulfide bond between GCG sequences following the
ectodomain C-termini and preceding the linker. ¢, oix[3; construct as in b with C-terminal
GCG disulfide and coiled-coil. d, oix[3, construct with C-terminal coiled-coil as in a. e,
The same construct as in b and ¢ with TEV cleavage to remove the C-terminal coiled-
coil. f, The same construct as in a and d, with TEV cleavage to remove the C-terminal

coiled-coil.

Figure S3. Superpositions of domains. a, Relative orientation between Calf-2 domain
and B-tail domain. The two domains from 10 axf3, molecules are superimposed on Calf-2
domain. b, superposition of the axf}, al domain and the isolated ax I domain (Vorup-

Jensen et al, 2003), both of which show the closed conformation.
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Figure S4. Superpositions of axf, and opP3 on their calf-2 domains, and the CD
loop of the B-tail domain. These superpositions emphasize the markedly different
orientations of calf-2 in these integrins. In the orientations in a-c, the calf-2 domain is
oriented so that its base would be approximately parallel to the plasma membrane, as a
surrogate for orientation on the cell surface. a, oixf3; and b, oupp3 structure superimposed
on calf 2. In ¢, auf33 is rotated about 50° in the vertical axis of the page relative to b,
revealing an overall orientation more similar that of ax[3, in a. d-e, views of a and b after
rotation in the horizontal axis of the page, to show a bird’s eye view looking down on the
cell surface, and the significant differences in ouf33 and axf3; orientation. f-g, The 3
subunits of axf3, (f) and oyP; (Xiong et al, 2004) (g), in identical orientations after
superposition on the B-tail domain. The f6-strand and a7-helix of the 1 domain (red) are

close to the f tail domain CD loop in 5 and not in f3,.

Figure S5. The sequence at the genu and effect of mutation of putative genu Ca*'-
coordinating residues. a, Sequence alignment of human integrin o subunits around the
genu. The disulfide-linked genu cysteine residues are highlighted in yellow. b-¢, Effect of
mutating putative genu Ca’"-coordinating residues Asp-749 and Glu-787 in ayf,. b.
Effect on KIM127 and m24 activation epitope exposure. HEK 293T transient
transfectants expressing WT or mutant o 3, in medium containing 1mM CaCly/ImM
MgCl, or 2mM MnCl, were stained with KIM127 or m24 mAbs and subjected to
immunofluorescence flow cytometry. Expression of the activation-insensitive mAb

MHM24 was not affected by MnCl,. Data shows specific mean fluorescence intensity as
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a percentage of MHM?24-specific mean fluorescence intensity, and error bars represent
the SD of three independent experiments. ¢, Effect of oy 8, genu Ca®” binding site
mutations on cell adhesion. Binding of fluorescently labeled HEK 293T transfectants to
immobilized ICAM-1 was as described (Lu & Springer, 1997). Briefly, ICAM-1-IgG Fc
fusion protein at 10 pg/ml was immobilized on microtiter plates and blocked with 2%
BSA. Binding of ICAM-1 was determined in HBS-BSA buffer (20mM Hepes, pH 7.5,
140 mM NacCl, 2 mg/ml glucose, 1% BSA) in the presence of divalent cations and/or
activating antibody CBR LFA1/2 (10 pg/ml) or EDTA (5 mM) as indicated. After
incubation at 37 °C for 30 min, unbound cells were washed off, and bound cells were

quantitated.

Figure S6. Sequence alignment. a. Sequence alignment of human al integrin o subunits
around the al C-linker. The a7 helix of the al domain is indicated above the sequence.
The invariant Glu (E) is highlighted in cyan. b. Sequence alignment of ox, o, op, and

oy, around the linker between Calf-2 domain and TM domain.

Figure S7. B-Propeller/BI domain interface. a. Side view of the Arg or Lys finger of
the BI domain and surrounding B-propeller domain residues. b, Top view. oxf3, residues

are colored in cyan, owy3; in silver and oup,P; in yellow.
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