METHODS

Protein expression and purification. A synthetic gene comprising the entire BRIl ectodomain
(residues 29-788) and codon optimized for expression in Trichoplusia ni was synthesised by
Geneart (Regensburg, Germany). The gene was cloned into a modified pBAC-6 transfer vector
(Novagen), providing a glycoprotein 64 signal peptide and a C-terminal TEV (tobacco etch virus
protease) cleavable Strep-9xHis tandem affinity tag. Recombinant baculoviruses were generated by
co-transfecting the transfer vector with linearised baculovirus DNA (ProFold-ER1, AB vector, San
Diego, USA) and amplified in Sf9 cells. The fusion protein was expressed in Hi5 cells using a
multiplicity of infection of 5, and harvested from the medium 4 days post infection by tangential
flow filtration using a 30 kDa MWCO (molecular weight cut-off) filter membrane (GE Healthcare).
BRIl was purified by sequential Co*" (His select gel, Sigma) and Strep (Strep-Tactin Superflow
high-capacity, IBA, Géttingen, Germany) affinity chromatography. Next, the tandem affinity tag
was removed by incubating purified BRI1 with recombinant TEV protease in 1:100 molar ratio. The
cleaved tag and the protease were separated from BRI1 by size exclusion chromatography on a
Superdex 200 HR10/30 column (GE Healthcare) equilibrated in 20 mM Hepes pH 7.5, 100 mM
NaCl, 1 mM EDTA). Monomeric peak fractions were concentrated to ~15 mg/mL and snap frozen
in liquid nitrogen. About 50 — 80 pg of purified BRI could be obtained from 1 litre of insect cell

culture.

Crystallisation and data collection. Initial crystals of BRI1 appeared in 18% PEG 4,000, 0.8 M
KCl using the counter diffusion method. Diffraction quality crystals of about 300x80x600 um could
be grown after multiple rounds of microseeding at room-temperature by vapour diffusion in
hanging drops composed of 1.25 uL of protein solution (15 mg/mL) and 1.25 uL of crystallisation
buffer (14% PEG 4,000, 0.2 M (NH4),SO4, 0.1 M citric acid pH 4.0) suspended above 1.0 mL of the
mother liquor as the reservoir solution. For structure solution crystals were stabilised, derivatised
and cryo-protected by serial transfer into 16% PEG 4,000, 1.7 M Na malonate pH (4.0) and 0.5 M
Nal, and cryo-cooled in liquid nitrogen. Single-wavelength anomalous diffraction (SAD) data to 2.9
A resolution were collected on a Rigaku MicroMax rotating anode equipped with a copper filament,
osmic mirrors and an R-AXIS IV++ detector. Native crystals were transferred to a cryo-protective
solution containing 16 % PEG 4,000 and 1.7 M Na malonate (pH 4.0) and flash-cooled in liquid
nitrogen. An isomorphous native dataset to 2.5 A was collected at beam-line 8.2.1 of the Advanced
Light Source (ALS), Berkeley. The hormone-bound structure was obtained by dissolving
brassinolide (Chemiclones Inc., Waterloo, Canada) to a concentration of 1 mM in 100% DMSO.

This stock solution was diluted to a final concentration of about 50 uM in protein storage buffer (20



mM Hepes pH 7.5, 100 mM NaCl, 1 mM EDTA). Purified BRIl protein was added to a final
concentration of about 12.5 uM (1.5 mg/mL) and the mixture was incubated at room-temperature
for 16 h. Next, the complex was re-concentrated to 18 mg/mL, and immediately used for
crystallisation. Crystals appeared under similar conditions as established for the unbound form and

diffracted again to about 2.5 A. Data processing and scaling was done with XDS5! (version: May

2010) (Supplementary Table 1).

Structure Solution and Refinement. The program XPREP (Bruker AXS) was used to scale native
and derivative data for SIRAS (single isomorphous replacement with anomalous scattering)
analysis. Using data between 30-3.7 A, SHELXD% located 52 iodine sites (CC All/Weak
42.50/19.82). 16 consistent sites were input into the program SHARP?* for phasing and
identification of 10 additional sites at 2.9 A resolution (Supplementary Fig. 1a). Refined heavy
atom sites and phases were input into phenix.resolve> for density modification and phase extension
to 2.5 A (final FOM was 0.55). The resulting electron density map was readily interpretable
(Supplementary Fig. 1b), and the structure was completed in alternating cycles of model building in
COQT? and restrained TLS refinement in phenix.refine®. Refinement statistics are summarised in
Supplementary Table 1. The crystals contain one BRI1 monomer per asymmetric unit with a solvent
content of ~60%. The final models comprise residues 29 — 771, with the C-termini (residues 772-
788) being completely disordered. The structure contains 25 LRRs as initially proposed?, and not 24
LRRs as concluded from later modelling studies!®. Loop residues 590, 637 and 638 in the island
domain appear disordered in the unliganded structure. Amino acids whose side-chains could not be
modelled with confidence were truncated to alanine (2% of all residues). Analysis with
Molprobity’” suggested that both refined models have excellent stereochemistry, with the free form

having 93.3% of all residues in the favoured region of the Ramachandran plot, and no outliers

(Molprobity score is 2.2 corresponding to the 90th percentile for structures (N=6,681) at 2.52A +

0.25A resolution). The brassinolide complex structure has 92.7% of all residues in the favoured

region of the Ramachandran plot and no outliers (Molprobity score is 2.3 corresponding to the 86"
percentile for structures (N=6,632) at 2.54A + 0.25A resolution). Structural visualization was done

with POV Script+® and POV-Ray (http://www.povray.org).

Size-exclusion chromatography was performed using a Superdex 200 HR 10/30 column (GE
Healthcare) pre-equilibrated in 25 mM citric acid / sodium citrate buffer (pH 4.5), 100 mM NaCl.
100 pL of sample (5 mg/mL) was loaded onto the column and elution at 0.6 mL/min was monitored
by ultraviolet absorbance at 280 nm. Incubation with brassinolide was performed as described in the

crystallisation section.



Homology Modelling of the AtBAKI ectodomain (residues 27-227;  Uniprot
http://www.uniprot.org; accession Q94F62) was performed with the program MODELLER? using
the BRI1 and PGIP structures as template. Structure-based sequence alignments were done using T-
COFFEE®. BRI1 and BAK1 share ~35% , PGIP and BAK1 share ~31% sequence identity, with the

LRR and N-cap consensus sequences being highly conserved.
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Supplementary Figure 1 | Single Isomorphous Replacement phasing of the BRI1 ectodomain
using a sodium iodide shortsoak. a, Stereo view of a C, trace of the BRII structure (in blue)
shown together with the 26 heavy atom sites (in yellow) identified with the programs SHELXD>
and SHARP>* that were used for SIRAS phasing (min/max/mean refined occupancies are
0.1/0.57/0.33). b, Stereo view of the initial 2F,-F. electron density map (contoured at 1.5 o)
obtained after density modification and phase extension to 2.5 A using the program
phenix.resolve.
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Supplementary Figure 2 | The BRI1 ectodomain is structurally related to bacterial LRR
proteins and to the plant defence protein PGIP. Structural comparison of the BRIl ectodomain
(shown as C, trace in yellow; the island domain has been omitted for clarity) and the LRR domains
of a, the extracellular bacterial effector protein YopM3! (shown in blue, r.m.s.d. is 3.0 A between
313 corresponding C, atoms, DALI®! Z-score is 20.0), b, the bacterial adhesion protein internalin
A% (rm.s.d. is 2.2 A between 291 corresponding C, atoms, DALI Z-score is 21.6), and ¢, the
polygalacturonase-inhibiting protein (PGIP) from Phaseolus vulgaris®® (rm.s.d. is 2.3 A between
252 corresponding C, atoms, DALI Z-score is 19.8).



Supplementary Figure 3 | The plant LRR proteins PGIP and BRI1 contain additional -sheets
that cause supertwisting of their LRR domains. Stereo view of a structural superposition of the
BRIl ectodomain and the polygalacturonase-inhibiting protein (PGIP) from Phaseolus vulgaris®'
(rm.s.d. is 2.3 A between 252 corresponding C, atoms). Both proteins are shown in ribbon
representation, PGIP in yellow, BRI in light-blue. Note that the non-canonical B-sheet in PGIP
(shown in dark-orange) that causes twisting of the PGIP LRR domain?, is also present in BRI1 over
the entire length of the molecule (shown in dark blue).



AtBRIL SQSLYRETHQLISFKDVL-PD-K-NLLPDWS——SNKNPCTFDGVTCR-DDK VTSIDLSSKPLNVGFSAVSSSLLS LTGLESLFLSNSHINGS--VS—-—-GFKC
S.lycopersicum VNGLYKDSQQLLSFKAAL-PPTP-TLLONWL-—SSTGPCSFTGVSCK-NSR VSSIDLSNTFLSVDFSLVTSYLLP LSNLESLVLKNANLSGS—--LTSAARKSQC
G.max FSSSSPVTQQLLSFKNSL-PN-P-SLLPNWL-—PNQSPCTFSGISCN-DTE LTSIDLSSVPLSTNLTVIASFLLS LDHLQSLSLKSTNLSGPAAMPPLSHSQC
N.tabacum VNGLFKDSQQLLSFKSSL-PNTQ-TQLONWL—-SSTDPCSFTGVSCK-NSR  VSSIDLTNTFLSVDFTLVSSYLLG LSNLESLVLKNANLSGS—--LTSAAKSQC
O.sativa GAAAADDAQLLEEFRQAV-PN-Q-AALKGWS—-GGDGACRFPGAGCR-NGR  LTSLSLAGVPLNAEFRAVAATLLQ LGSVEVLSLRGANVSGA-—-LSAAGGARC
AtBRL3 LSDDVNDTALLTAFKQTSIKSDPTNFLGNWRYGSGRDPCTWRGVSCSSDGR ~ VIGLDLRNGGLTGTLNL—-NNLTA LSNLRSLYLQGNNFSSG--DS———-SSSS
N-term capping domain ! ceoy LRR1 cooe LRR 2
brit-5 LxLxxLSxnxLSg brit-R1 Lgx LxxLxxLxLSx NLSGx
a
AtBRI1 SASLTSLDLSRNS-LSGP-VTTLTSLG-S CSGLKFLNVSSNTLDFPGK-VSGGLK LNSLEVLDLSANSISGANVVGWVLSDG CGELKHLAISGNKISGDVDVSR
S.lycopersicum GVTLDSIDLAENT-ISGP-ISDISSFG-V CSNLKSLNLSKNFLDPPGK-EMLKAA TFSLQVLDLSYNNISGFNLFPWVSSMG FVELEFFSLKGNKLAGSIPELD
G.max SSSLTSLDLSQNS-LSAS—-LNDMSFLA-S CSNLQSLNLSSNLLQFGP———PPHWK LHHLRFADFSYNKISGPGVVSWLLNP VIELLSLKGNKVTGETDFSG——
N.tabacum GVSLNSIDLAENT-ISGP-VSDISSFG-A CSNLKSLNLSKNLMDPPSK-E-LKAS TFSLODLDLSFNNISGONLFPWLSSMR FVELEYFSVKGNKLAGNIPELD
O.sativa GSKLQALDLSGNAALRGS—VADVAALASA CGGLKTLNLSGDAVGAAKVGGGGGPG FAGLDSLDLSNNKITDDSDLRWMVDAG
AtBRL3 GCSLEVLDLSSNS—LTDSSIVD-YVES—T CLNLVSVNFSHNKLAGKLK-SSPSAS NKRITTVDLSNNREFSDEIPETEFIADEP
LRR3 LRR 4 R5 LRR 6
1xxLxxLxLSxNx LSGx Ip LGx LxxLxxLxLSxNxL LxxLxxLxLSxNxLSGxIPxx Lgx TXXLXXLXLSXNXLSGXIP
a
AtBRI1 CVNLEFLDVSSNNFSTG-IP-FLGD CSALQHLDISGNKLSGDF-SRAIST CTELKLLNISSNQFVGPIPPLP ———-LKSLQYLSLAENKFTGEIPDFLSGA
S.lycopersicum FKNLSYLDLSANNFSTV-FP-SFKD CSNLQHLDLSSNKFYGDI-GSSLSS CGKLSFLNLTNNQFVGLVPKLP —-——SESLQYLYLRGNDFQGVYPNQLADL
G.max SISLQYLDLSSNNFSVT-FP-TFGE CSSLEYLDLSANKYLGDI-ARTLSP CKSLVYLNVSSNQFSGPVPSLP ————SGSLQFVYLAANHFHGQIPLSLADL
N.tabacum FTNLSYLDLSANNFSTG-FP-SFKD CSNLEHLDLSSNKFYGDI-GASLSS CGKLSFLNLTNNQFVGLVPKLP —-—-SESLQFLYLRGNDFQGVFPSQLADL
O.sativa VGAVRWLDLALNRIS—-G-FP-EFTN CSGLQYLDLSGNLIVGEVPGGALSD
AtBRL3 ~NSLKHLDLSGNNVTGDFSRLSFGL CENLTVFSLSQNSISGDRFPVSLSN CKLLETLNLSRNSLIGKIPGDD YWGNFQNLRQLSLAHNLYSGEIPPELSLL
LRR7 ' LRR 8
LxxLxxLxLSxXNxXLS GxIPxxLGx LxxLxxLxLSxNxLSGxIpxx LGx LxxLxxLxLSxNxXLSGxIP L 1xxLxxLxLsxNxLsGxIPxxLgx
z
AtBRIL CDTLTGLDLSGNHFYGAVPPFFGS CSLLESLALSSNNFSGELPMDTLLK MRGLKVLDLSFNEFSGELPESLTN LSASLLTLDLSSNNFSGPILPNLC
S.lycopersicum CKTVVELDLSYNNFSGMVPESLGE CSSLELVDISYNNFSGKLPVDTLSK LSNIKTMVLSENKFVGGLPDSFSN LL-KLETLDMSSNNLTGVIPSGIC
G.max CSTLLQLDLSSNNLTGALPGAFGA CTSLQSLDISSNLFAGALPMSVLTQ MTSLKELAVAFNGFLGALPESLSK LS—-ALELLDLSSNNFSGSIPASLC
N.tabacum CKTLVELDLSFNNFSGLVPENLGA CSSLEFLDISNNNFSGKLPVDTLLK LSNLKTMVLSFNNFIGGLPESFSN LL-KLETLDVSSNNITGFIPSGIC
O.sativa CRGLKVLNLSFNHLAGVFPPDIAG LTSLNALNLSNNNFSGELPGEAFAK LQQLTALSLSFNHENGSIPDTVAS LP-ELQQLDLSSNTEFSGTIPSSLC
AtBRL3 CRTLEVLDLSGNSLTGQLPQSFTS CGSLQSLNLGNNKLSGDFLSTVVSK LSRITNLYLPENNISGSVPISLTN CS-NLRVLDLSSNEFTGEVPSGEC
' LRR 11 ! LRR 12 LRR 13 LRR 14
LxxLxxLxLSXNXLSGXIPxxLGx LxxLxxXLxLSxNxLSGxIPxx Lgx LxxLxxXLxLSxNxLSGxIPxxLgx Lx xLxxXLxLSxNxLSGxIPx L
o o » 0
AtBRIL QON----PK NTLQELYLONNGFTGKIPPTLSN CSELVSLHLSFNYLSGTIPSSLGS LSKLRDLKLWLNMLEGEIPQELMY V-KTLETLILDFNDLTGEIPSGLSN
S.lycopersicum KD-——-PM NNLKVLYLONNLFKGPIPDSLSN CSQLVSLDLSFNYLTGSIPSSLGS LSKLKDLILWLNQLSGEIPQELMY L-QALENLILDFNDLTGPIPASLSN
G.max GGGDAGIN NNLKELYLONNRETGFIPPTLSN CSNLVALDLSENFLTGTIPPSLGS LSNLKDFIIWLNQLHGEIPQELMY L-KSLENLILDENDLTGNIPSGLVN
N.tabacum KD-—---PM SSLKVLYLONNWFTGPIPDSLSN CSQLVSLDLSFNYLTGKIPSSLGS LSKLKDLILWLNQLSGEIPQELMY L-KSLENLILDFNDLTGSIPASLSN
O.sativa QD————PN SKLHLLYLONNYLTGGIPDAVSN CTSLVSLDLSLNYINGSIPASLGD LGNLQODLILWONELEGEIPASLSR I-QGLEHLILDYNGLTGSIPPELAK
AtBRL3 SLQ-——SS SVLEKLLIANNYLSGTVPVELGK CKSLKTIDLSENALTGLIPKEIWT LPKLSDLVMWANNLTGGIPESICV DGGNLETLILNNNLLTGSLPESISK
LRR 15 LRR 16 LRR17 LRR 18
XxLRXLxLSXNXLSGXIPxxLGx LxxLxXLxLSXNxLSGxXxIPxxLGx LxxXLxxLxLsxNxLSGxIPxxLgx L xxXLxxLxLsxNxLSGxIPxxLgx
= ED ,
AtBRI1 CTNLNWISLSNNRLTGEIPKWIGR LENLAILKLSNNSFSGNIPAELGD CRSLIWLDLNTNLEFNGTIPAAMFKQ
S.lycopersicum CTKLNWISLSNNQLSGEIPASLGR LSNLAILKLGNNSISGNIPAELGN CQSLIWLDLNTNFLNGSIPPPLFKQ
G.max CTKLNWISLSNNRLSGEIPPWIGK LSNLAILKLSNNSFSGRIPPELGD CTSLIWLDLNTNMLTGPIPPELEFKQ
N.tabacum CTNLNWISMSNNLLSGEIPASLGG LPNLAILKLGNNSISGNIPAELGN CQSLIWLDLNTNFLNGSIPGPLFKQ
O.sativa CTKLNWISLASNRLSGPIPSWLGK LSYLAILKLSNNSFSGPIPPELGD CQSLVWLDLNSNQLNGSIPKELAKQ
AtBRL3 CTNMLWISLSSNLLTGEIPVGIGK LEKLAILQLGNNSLTGNIPSELGN CKNLIWLDLNSNNLTGNLPGELASQ
LRR 19 LRR 20 LRR 21
LxxLxxLxLSXNXLSGXIPxxLGx LxxLxxXLxLSxXNxLSGxIPxxLGx LxxLxxLxLsxNxLSGxIPxxLgx
B0 = ED
AtBRI1 SGKIAANFIAGKRYVYIKNDGMKKECHGAGNLLEFQGIRSEQLNRLSTRNPCNITSRVYGGHTSPTFDNNG SMMFLDMSYNMLSGYIPKEIGS MPYLFILNLGHNDISGSIPDEVGD
S.lycopersicum SGNIAVALLTGKRYVYIKNDG-SKECHGAGNLLEFGGIRQEQLDRISTRHPCNFT-RVYRGITQPTFNHNG SMIFLDLSYNKLEGSIPKELGA MYYLSILNLGHNDLSGMIPQQLGG
G.max SGKIAVNFISGKTYVYIKNDG-SKECHGAGNLLEFAGISQQQLNRISTRNPCNET-RVYGGKLOPTENHNG SMIFLDISHNMLSGSIPKEIGA MYYLYILNLGHNNVSGSIPQELGK
N.tabacum SGNIAVALLTGKRYVYIKNDG-SKECHGAGNLLEFGGIRQEQLDRISTRHPCNFT-RVYRGITQPTFNHNG SMIFLDLSYNKLEGGIPKELGS MYYLSILNLGHNDFSGVIPQELGG
O.sativa SGKMNVGLIVGRPYVYLRNDELSSECRGKGSLLEFTSIRPDDLSRMPSKKLCNFT-RMYVGSTEYTENKNG ~ SMIFLDLSYNQLDSAIPGELGD MFYLMIMNLGHNLLSGTIPSRLAE
AtBRL3 AGLVMPGSVSGKQFAFVRNEG-GTDCRGAGGLVEFEGIRAERLEHFPMVHSCPKT-RIYSGMTMYMFSSNG  SMIYLDLSYNAVSGSIPLGYGA MGYLQVLNLGHNLLTGTIPDSFGG
island domain ——— LRR 22 LRR 23
G611E  G613S G643E G644D G649K xLxxLXLSXNXLSGXIPXxLGx  LxxLxxLxLSxNxLSGXIPxxLGX
bri1-113  bri1-7 sud?1  bri1-6 HvBRI1
o
AtBRI1 LRGLNILDLSSNKLDGRIPQAMSA LTMLTEIDLSNNNLSGPIPEMGQ FETFPPAKFLNNPGLCGYPLP-RCD
S.lycopersicum LKNVAILDLSYNRENGTIPNSLTS LTLLGEIDLSNNNLSGMIPESAP FDTFPDYRFANN-SLCGYPLPIPCS
G.max MKNLNILDLSNNRLEGQIPQSLTG LSLLTEIDLSNNLLTGTIPESGQ FDTFPAAKFQONNSGLCGVPLG-PCG
N.tabacum LKNVAILDLSYNRLNGSIPNSLTS LTLLGELDLSNNNLTGPIPESAP FDTFPDYRFANT-SLCGYPLQ-PCG
O.sativa AKKLAVLDLSYNQLEGPIPNSFSA LS-LSEINLSNNQLNGTIPELGS LATFPKSQYENNTGLCGFPLP-PCD
AtBRL3 LKAIGVLDLSHNDLQGFLPGSLGG LSFLSDLDVSNNNLTGPIPFGGQ

LRR 24
LxxLxxLxLSXNxLSGXIPXXLGX

LRR 25
LxxLxxLxLSXNxLSGXIPXXLG

LTTFPLTRYANNSGLCGVPLP—-PCS
[ I

C-term capping domain
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Supplementary Figure 4 | Key sequence fingerprints of the BRI1 ectodomain are conserved in
BRI1 proteins from different plant species. Structure-based sequence alignment of representative
BRI orthologs: Arabidopsis thaliana BRI1 UniProt (http://www.uniprot.org): 022476, residues
29-771), (Solanum Iycopersicum (UniProt: Q8GUQS, residues 37-780), Glycine max (UniProt:
C6FF79, residues 21-765), Nicotiana tabacum (UniProt: A6N8J1, residues 46-787), Oryza sativa
subsp. japonica (UniProt: Q942F3, residues 21-696), Arabidopis thaliana BRI1-like 3 (UniProt:
QOLJF3, residues 27-765). The alignment includes secondary structure assignments with DSSP¢?,
coloured according to Fig.1a. Cysteine residues in the LRRs and in the N- and C-terminal capping
domains that form disulfide bonds are highlighted by yellow shading, N-glycosylation sites
observed in the BRII structure are depicted with red letters. The positions of known missense
alleles in the BRI1 ectodomain are indicated with blue lettering.
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AtBRI1 29 73 SQSLYRETHQLISFKDVLPDK---NLLPDWSSNK---NPCTFDGVTCRDDK AtBRI1 74 FETFPPAKFLNNPGLCGY--PLPRCDPSNADGYAHHQRSHGRR

PvPGIP ELCNPODKQALLQIKKDLGNP---TTLSSWLPT-TDCCNRTWLGVLCDTDT PvPGIP LORFDVSAYANNKCLCGS—-PLPACT

AtBAKL 2° RVSGNAEGDALSALKNSLADPN--KVLQSWDATLV--TPCTWEHVTCNSDN AtCLV1 FLVFNETSFAGNTYLCLP--HRVSCPTRPGQTSDHN
AtCLV1 27 CFA-YTDMEVLLNLKSSMIGPK-GHGLHDWIHSSSPDAHCSFSGVSCD-DD AtFLS2 ¢ FKNINASDLMGNTDLCGSKKPLKPCTIKQKSSHFSKRTR
AtEFR 25 ) RFSNETDMQALLEFKSQVSENNKREVLASWNHSS-—--PFCNWIGVTCGRRR AtEFR 840 858 —-—-—-————-——— HCHD--PVAHCDIKPSNILLD
AtFLS2 2 2 KQSFEPEIEALKSFKNGISNDP-LGVLSDWTIIGSL-RHCNWTGITCDSTG

AtTMM 53 9 RT-EPDEQDAVYDIMRATG-——————— NDWAAATIPDVCRGRWHGIECMPDQ

Supplementary Figure 5 | The BRI1 structure identifies plant-specific capping motifs. a,
Ribbon diagram of the N-terminal capping structure, and b, of the C-terminal capping motif. The
amphipatic a-helix and the small 3,y helices are shown in blue, and -strands are depicted in
orange. Conserved interfacing residues are highlighted in full atom representation. Mutation of
Cys69 into Tyr (the genetic allele bri/-5) may destabilise the N-terminal cap in BRI1 and thus
causes the receptor to be retained in the endoplasmic reticulum33%. Superimposed in green are the
corresponding caps from the plant defence protein PGIP that closely align with the BRI structure.
Structure based sequence alignments that depict the corresponding capping motifs in the LRR-RKs
BAKI1%2 CLV14, EFR7, FLS2¢ and TMM? suggest that similar capping structures are present in
other plant receptor kinases.



Supplementary Figure 6 | The island domain makes intensive contacts with the C-terminal
LRR motifs in BRI1. Stereo view of LRRs 13-25 (ribbon diagram) in blue and the island domain
(residues 584-654) in orange. Interface residues originating from the LRR core and the island
domain are shown in light blue and yellow, respectively. Polar interactions (distance cut-off 3.5 A)
are depicted as dotted lines (in red). The BRII loss-of-function mutations Gly611Glu (bril-113)3
and Ser662Phe (bril-9)* are highlighted by magenta balls.



free form brassinolide complex

Supplementary Figure 7 | The island domain and the two connecting loops become fully
ordered upon steroid hormone binding. Structural superposition of the free and brassinolide-
bound ectodomain reveal no major conformational changes (r.m.s.d. <0.3 A comparing 740
corresponding C, atoms), but the entire island domain appears to be significantly better ordered in
the steroid-complex when compared to the free structure. C, trace views of the free and brassinolide
bound structures coloured according to their crystallographic B-values (low (15 A?) to high (150
A?) corresponding to blue and red, respectively). The island domains are highlighted, and the
steroid ligand is shown in sticks representation (in yellow). The average B-values for the LRR and
island domains are 59.5 and 93.1 A? (free from) and 64.4 and 65.5 A? (brassinolide complex),
respectively. Both the free and the steroid bound form crystallised under similar conditions, in the
same space-group and with similar cell constants; and both diffracted to ~2.5 A resolution (see
Supplementary Methods).



Supplementary Figure 8 | Chemical structures of different steroid ligands.
Chemical structures of the plant steroids a, brassinolide and b, castasterone and ¢, of the arthropod
ecdysone. The ring nomenclature for brassinolide has been included in a.
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Supplementary Figure 9 | Genetic BRI1 missense alleles may affect the positioning of an
island domain loop.

Close up view of the three genetic alleles that are located in a loop segment (residues 643 to 658)
connecting the island domain with LRR 22. Gly643 that in the genetic allele sud/ is mutated to Glu,
may engage in a hydrogen bond with Ser623 in the island domain. This mutation may restrict
movement of the loop segment and thus stabilise interaction with a co-receptor protein even in
absence of steroid. Mutation of Gly644 into Asp causes the loss-of-function phenotype bril-6, and
mutation of the conserved Thr649 to Lys inactivates barley BRI1. These mutations seem to induce
steric clashes with residues in the island domain and in the underlying LRR domain (indicated by
black arrows) and may thus distort the overall position of the loop.



Supplementary Figure 10 | The superhelical BRI1 ectodomain is unlikely to dimerise.
Hypothetical model of a BRI1 ectodomain homodimer in surface representations (top panel) and as
a C, trace (lower panel), with a front view on the left and a view from the top on the right. The
model brings the C-termini of two neighbouring ectodomains (shown in blue, and yellow,
respectively) in close proximity and employs the proposed protein interaction platform and the
brassinosteroid ligand (in red) as the dimerisation interface. Note, that because of the superhelical
shape of the ectodomain, this model causes severe clashes in the N-terminal LRRs of BRII
(indicated by arrows).



Supplementary Figure 11 | Crystal lattice packing analysis suggests the BRI1 ectodomain is
monomeric. a, C, trace of the major lattice contact observed in the monoclinic BRI1 crystals. The
interface brings two neighbouring molecules in a head-to-head configuration with their C-termini
far apart at opposite ends. b, View of the second minor crystal contact that involves interaction of
two BRI1 molecules with their outer helix surfaces along the 2-fold symmetry axis. ¢, Crystal
packing of BRI1 molecules along a. The BRI1 superhelix propagates itself using the head-to-head
contacts described in a.
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Supplementary Figure 12 | Homology model of the BAK1 ectodomain a, Ribbon diagram of a
homology model of the BAK1 ectodomain based on the crystal structures of BRII (this study) and
PGIP3? generated with the program MODELLER¥ (see Supplementary Methods). Our model
suggests that the N-terminal residues 27-69 do not form a leucine zipper motif as previously
suggested?, but an N-terminal capping motif that is highly similar to that in BRI1 and PGIP (see
Supplementary Fig. 5). In agreement with earlier predictions??4, our BAK1 model contains 5
repeats that contain the canonical B-strand (in orange), followed by the non-canonical B-strand
found in the plant-specific LRR subfamily** (in blue), and a 3, helix (in green). The BAK1 elg
allele*¢, which renders mutant plants hypersensitive to brassinosteroid treatment*’, maps to the inner
surface of the BAKI ectodomain. The C-terminal capping motif is a proline-rich motif that in
sequence deviates from the C-terminal capping motifs found in BRI1 and PGIP (see Supplementary
Fig. 5), and therefore could not be modelled with confidence (in grey). b, The family-defining
sequence fingerprints of the plant-specific LRR subfamily (Lt/sGxIP)3* are present in all 5 LRR
repeats in BAK1 (in green). The position of the e/lg mutation is indicated in red.



BAK1

Supplementary Figure 13 | Speculative model for BRI1 receptor activation by
heteromerisation with the smaller co-receptor kinase BAKI. Side-by-side view of the BRI
ectodomain structure (surface representation, in dark-blue) and the BAK1 homology model (in
light-blue) suggests that the BAK1 ectodomain is compatible in size and shape with the protein
interaction surface in BRI1. We hypothesise that steroid binding to BRI1 generates a docking
platform for the ectodomain of BAK1. We envision this docking platform in BRII to be composed
of the steroid ligand itself, of parts of the island domain (in orange) (especially the connecting loops
that become ordered upon steroid binding, in magenta), and of surface patches of the LRR domain
(i.e. Thr750, whose mutation to isoleucine causes the loss-of-function phenotype bril-102*, in
magenta). Steroid-dependent heteromerisation of the BRI1 and BAKI1 ectodomains would bring
their cytoplasmic juxtamembrane regions and kinase domains in close proximity, where they could
transphosphorylate each other, leading to receptor activation and phosphorylation of downstream
signalling partners. This mechanism would still be plausible if BRI1 molecules form constitutive
homooligomers at plant membranes, as long as the interaction surfaces for BAK1 are still accessible
in these oligomers. We envision that the gain-of-function alleles sud/?*° in BRI1 and e/g**4” in BAK1
stabilise formation of the heteromeric complex, and that loss-of-function alleles bril-6%, bril-1024
and the mutation in barley BRI14° (Thr649 in AtBRI1) (all in magenta) destabilise interaction of the
BAKI1 and BRII ectodomains.



Supplementary Table 1 | Data collection and refinement statistics.

unbound (Nal soak)

unbound (native)

brassinolide-complex

Data collection
Space group
Cell dimensions

a, b, c(A)

B angle (°)
Wavelength (A)
Resolution (A)
Highest shell (A)
No. unique reflections”
Riym (%)

I/ol
Completeness (%)

Multiplicity

Refinement

Resolution (A)

Highest shell (A)

No. reflections

Ryort

Rt

No. atoms
Protein/glycan
Water/brassinolide

B-factors (A2)
Wilson B
Protein/glycan
Water/brassinolide

R.m.s. deviations
bond length (A)
bond angles (°)

2

175.04, 67.53, 119.83
121.06

1.5418

29.28-2.90
2.97-2.90

26,445 (1,625)

8.0 (47.8)

222 (4.1)

97.7(81.4)

142 (10.5)

c2

175.09, 67.25, 119.05
121.55

0.9998

31.00-2.52
2.68-2.52

39,686 (6,145)
5.5(58.3)

17.6 (2.1)

98.8 (95.3)

37(3.5)

31.00 - 2.52
2.61-2.52
39,686 (3,575)
0.185 (0.321)
0.236 (0.409)

5,544 /170
129

55.0
62.5/92.9
53.0

0.006
1.02

2

175.11, 67.21, 119.21
121.41

1.5418

24.64 - 2.54

2.69 -2.54

38,900 (5,904)

6.0 (48.2)

14.9 (2.3)

98.6 (93.8)

41@3.5)

24.64 - 2.54
2.63-2.54
38,849 (3,537)
0.184 (0.263)
0.240 (0.332)

5,558 /192
114 /34

51.8
64.5/89.3
51.4/47.8

0.006
1.05

* Numbers in parentheses provide statistics for the highest resolution shell

T As defined in XDS*'

i As defined in phenix.refine*



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 No.
LRR beg|L X X L X X L X L § X N X L § G X I P X X L G X|end res 2 isl./lig.
1 74 viT/s I D L S|S K P|L N V|G F S|A V| S|SLLS[97 |23 + /
2 9¢|L T G L E|/S L F|L S N S H I NG S V| S G F K|C 120 |23 + /
3 123|s|/A|s L T|S L D L|C R N|S L S G|P V T T L T SLGS[I46 26 + /
4 147|c|sS|G|L K|F|L N/ V|S S N|/T L D|F P G K|V S G|G LK|171 25 + /
5 172|L | N|S|L E|V|L D/ L|S A N|/S I S|G A N V|V G WV LSDG|198 27 + /
6 199|c|G|E L K H L A I S|G N K I S G| D v R (220 |20 + /
7 221|c/V N|L|E F L E V S's NN F s T G I P F L |G| D|243 23 /
8 244|c s|/AL Q H|L D|/I|S G N KL S|G D F|S R A I T (267 |24 /
9 268|c /T E|L|/K L L N I S'sS N/ Q F V G P I PP L P 289 |22 + /
10 290|L K s|L|Q Y L S L A E N K F T G|/E I P| D F L SG A|314 |25 + /
11 315|c/'p T|L|T G L D L S G N H|F Y G|/A V PP F F|G S|[338 |24 + /
12 339|c s L|/L E S|L A|/L|S S N N|F S|/G E|L P MDF L L K|363 25 + /
13 364/M R|G/L K V|L D/ L|S F N E|F S G E L P E L T N|387 24 + +/
14 388|L s AS|L|L T L D L S'S N/N F S G|P I L P N L C 411 24 + +/
15 416 N T L|Q E L|Y L QNN G F T G K I P P L s N|438 23 + +/
16 439|c S E|L V|S|L H L|S F N|Y| L S/G|T I P| S SSL|G S[462 25 + +/
17 463|L S K|L R|/D|/L K L|W L N ML E/G E I P Q E| L|M Y|486 24 + +/
18 487|V|X|T|L E|T|L I L /D F N E|L T G E I P S G L S N|510 24 + +/
19 511|c|/T N|/L/N W I S L S N N R|L T G|E I P K W I G R|534 24 + +/
20 535|L E N|L| A I L K L S N N/ S|F s G|N I P A E L| G D|558 24 + +/
21 559|¢c /R s|L|I W L D L N T N L F N G|T I P A A M K Q|58 |25 + +/+
22 655 S M/M F|L|D M S Y N ML S/G Y I P K E I| G| S|676 22 +/+
23 677|M P|Y L F|I L N L|G H N/ D I S G|S I P D E V G| D700 24 + +/+
24 701 G/L/N I L DL S|S N KL/ DGR I P Q A M|S A[724 24 + +/+
25 725 M L T/ E I D/L|S NN N L S/ G R I P Q A M| G Q747 24 + +/+

Supplementary Table 2 | Sequence fingerprints of the LRR domain in BRI1. The BRII repeat
sequences are arranged according to a canonical 24 residue LRR motif of the plant-specific family
of LRR proteins. The beginning and end of each LRR, its total length, the presence of the non-
canonical B-strand (B2) are shown. Involvement of the respective LRR in formation of an interface
with the island domain (isl.) or in steroid hormone binding (lig.) is indicated. Residues that are part
of the LRR-island domain interface are highlighted in blue, the Cys residues in position and 1 and

24 are shown in green. Cysteines in italics are engaged in disulfide bridges.




