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Supplementary Table 1

Data Collection Statistics

BL-bound BRI1-LRR Free BRI1-LRR
Beam Line Beam line BL17U1, SSRF
Space Group C2 C2
Wavelength (A) 1.0 1.0
Number of Reflections 49,788 (5,066) 41,987 (4,152)
Cell dimensions
a, b, c(A) 170.41, 66.82, 114.34 173.391, 66.705 119.051
o, B,y (°) 90.00, 119.50, 90.00 90.00 120.98 90.00
Resolution (A) 2.28(2.36-2.28) 2.47(2.56-2.47)
Reym (%) 5.6(20.4) 7.8(58.5)
1I/o(l) 21.4(5.9) 30.02.7)
Completeness (%) 97.2(99.7) 99.5(98.4)
Redundancy 3.2(3.2) 4.0(3.8)
Refinement Statistics
Resolution (A) 50.0-2.28(2.32-2.28) 50.0-2.47(2.53-2.47)
No. Reflections 49,782 (2,596) 41,889 (2,601)
Rwork/Rfree % 18.2/21.2(18.96/24.1) 22.0/26.3(32.3/37.8)
Number of BRI1-LRR 1 1
molecules/asymmetric unit
Protein all atoms 5654 5574
Non-protein atoms 595 315
All non-hydrogen atoms 6249 5889
Averaged B factor of protein atoms 41.0 64.6
Averaged B factor of BL 443
R.m.s deviations
Bond Lengths (A) 0.007 0.009
Bond Angles (°) 1.212 1.295
Ramachandran (%) (from COOT)
Preferred region 91.23 90.45
Allowed region 8.5 9.0
Outliers 0.27 0.55

Highest resolution shell is shown in parenthesis

"The occupancies of all BL atoms were fixed at 1.0 and subsequently subjected to B-factor

refinement together with other parameters.
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Fig. 1 Sequence alignment of ectodomain BRI1 among different species

Conserved and similar residues are highlighted with red and yellow grounds respectively. The ID

is highlighted within the light orange dashed square. Residues involved in BL recognition are

indicated with blue solid squares at bottom. Two cysteines that form a disulfide bond are indicated

by the same orange number at bottom. “NCD” and “CCD” represent the N-terminal and

C-terminal capping domain respectively. “at”, “le”, “ps”, “0s” and “hv” represent Arabidopsis,
pping p y |y p P

Solanum lycopersicum, Oryza sativa, Pisum sativum and Hordeum vulgare , respectively.
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o 10 20
101_123,LRR2 [LES[LF[LISN[S. . HINGsSVS/c. .. .F. .KCsAS
124_149,LRR3 |LTS|LDL/SRN . . S|LIS|GPVT|TLT.SLG.SCSG.
150_174,LRR4 |LKF|LNVISSNTLDFPGKVSGG. .. .. LKLNS.
175_201,LRR5 |LEV|LD[LSA S|I|S|GANVVGWVLSD . GCGE .
202_223,LRR6 |[LKH|LA[I|SGN . . K[I|s|GDVD|. . . .. VS.RCVN.
224_246,LRR7 |LEF|LDV|SSN . .N[F|S/T/GIP[FL...G..DCSA.
247_270,LRR8 |LIQH[LD|I|SGN|. . K[L/[SGD[FSR. . .AIS.TCTE.
271_292,LRRY |LKL|LN[I|SSN|..QFVGPIPP...... LPLKS.
293_317,LRR10 |[LQY[LSLAEN|. . KF|TGEIPDF...LSGACDT.
318_341,LRRI1 |[LTGLDLSGN|. .HF|YGAVPPF...FG.SCSL.
342_366,LRR12 [LES[LALSSN|. . NF/SGELPMDT. .LL.KMRG.
367_391,LRR13 [LKV[LDLSF E[F|SGELP[ES. . .LT.NLSAS
392 _417,LRR14 [LLT[LD[LSS N|F|S|G/P[ILPNL .CQN.PKNT.
418_441,LRRI5 [LIQE[L[YLQONN|. . GF|TGKIPPT...LS.NCSE.
442_465,LRR16 |LVS[LHLSFN|. . YLSEGTIIP[SS...LG.SLSK.
466_489,LRR17 [LRDLKLWLN|. . MLEGEIPQE...LM.YVKT.
490_513,LRRI8 [LET[LILDFN|..DLTGEIPSG...LS.NCTN.
514_537,LRR19 |LNW[I|S[L/SN]N|. . RLTGEIPKW...IG.RLEN.
538_561,LRR20 [LAI[LKLSNN|..SF|/SGNIPAE...LG.DCRS.
562_585,LRR21 |[LIWLDLNT .LFNGTIPAA...MF.KQSG.
656_679,LRR22 MMF|LDMSYN . . MLS|GY|IPKE. . .IG.SMPY.
680_703,LRR23 |L[F I|LNLIGHN . .D|I/S|G/SIPDE...VG.DLRG.
704_727,LRR24 |LNI|LD|LSSN|..K[LDGRIPQA...MS.ALTM.
728_751,LRR25 |LTE|IDLSN .NaSﬁPaﬁE. ...MG.QFETF

Fig. 2 Sequence alignment of regular LRRs in BRI1

The boundary of each LRR and its numbering are shown on the left side. The conserved residues
are shown with yellow background. Cysteines forming disulfide bonds and glycosylated
asparagines are highlighted with orange and magenta squares respectively. The residues from the
plant-specific motif in the LRRs are highlighted with blue solid squares at the bottom.
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Fig 3 Electron density around the inter-domain loops in BR-bound BRI1-LRR
Electron density (2Fo-Fc) contoured at 1.30 sigma (under COOT) around the inter-domain loops.

The residues from the loops are labeled in white. BL is highlighted within the yellow dashed

frame.
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Fig 4 Modeling of the genetic mutants G613S and S662F of BRI1-LRR
Shown on the left and right are close-up views of the area surrounding G613S and S662F

respectively. Gly613 and Ser662 were mutated to serine and phenylalanine respectively under the

program COOT. The side chains of these two residues are shown in red and all the others in cyan.
BL is shown yellow and stick. In the modeled structure, the CB atom of S613 (on the left) is 2.0 A
from the carbonyl oxygen of 11e600, whereas the minimum distance between the benzene ring of
Phe662 and the amide nitrogen of Gly611 is less than 1.5 A (right panel).
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Fused ring

Fig. 5 Chemical structure of BL
The carbon atoms are labeled as indicated. The side chain and fused ring portions are highlighted
in red and blue dashed frames, respectively.

Fig. 6 Packing of BRI1-LRR (BL-bound) with its symmetry-related neighboring molecules in
crystals

(a), (b), (¢) and (d) are dimers formed by two crystallographic symmetry-related monomers of
BRI1-LRR. Two monomers are colored in salmon and limon and their N- and C-terminus are
indicated.
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Fig. 7 Structural basis for structure-activity relationship of BL derivatives
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a. BL derivatives with different groups at the end of side chain. One structural feature of the
active BRs is their hydrophobic end of the side chain', which binds an exclusively
hydrophobic pocket in the structure of BL-bound BRI1-LRR (Fig. 3b and Fig. 4c). Thus,
removal of this moiety or introduction of polar substituents (compound 5) significantly
attenuates BR binding activityl. A limited volume of the pocket greatly circumscribes the size
of a group at this position. BL derivatives carrying a larger group such as n-C¢H;3 (compound
2) or cyclohexyl group (compound 3) at this position exhibited little bioactivity2. In contrast,
substitutions with functional groups like cyclobutyl (compound 4) that can better fit into the
pocket resulted in more potent derivatives.

b. Molecular formula of BL derivatives with methylation of the hydroxyl group at C23 or C22.
The hydroxyl group at C23 forms hydrogen bonds with BRI1-LRR (Fig. 3b), providing an
explanation for the observation that methylation at this position (compound 6) produced a
much more deleterious effect on the bioactivity of BR than at C22 (compound 7)1.

c¢. Molecular formula of a BL derivative with a six-atom B ring. The bioactivity of this
compound is about 10% of that of BL'.

d. A model of compound 8 in complex with BRI1-LRR. The side chains of BRI1-LRR were
shown in slate. Hydrogen bonds are represented in red dashed lines. Modeling study was
performed using the program Auto-Dock4.2 (ref. 3). The calculated binding energy for BL
and compound 8 to BRI1-LRR was -13.4 kcal/mol and -12.7 kcal/mol respectively. A lower
calculated binding affinity between BRI1-LRR and compound 8 could result from a weaker
hydrogen bond (with a distance of 3.4 A as compared to 2.9 A in BRI1-LRR/BL complex)
between the oxo and the water (Watl) molecule, which in turn makes a water
(Wat2)-mediated hydrogen bond with the carbonyl oxygen of Ala612.
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