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Figure S1. (A) Superdex 200 gel filtration profile of hNK1R-PGS purified by Ni-IMAC and M1-
FLAG immunoaffinity chromatography; (B) Coommassie stained PAGE of the isolated peak
fraction from gel filtration.

Figure S2. Image of a lipidic cubic phase (LCP) sandwich plate setup containing representative
microcrystals of the hNK1R-PGS protein that were harvested to produce X-ray diffraction data.

WWW.pnas.org/cgi/doi/10.1073/pnas.1812717115



Figure S3. Superposition of inactive-state GPCRs at the intracellular side of the membrane.
hNKsR (green cartoon) and B, adrenergic receptor (orange cartoon) are viewed from the
intracellular surface. Intracellular loops are removed for clarity. The hNK1R DRY motif residues
(TM3) and residues on TMs 2 and 6 are shown as green sticks. Dotted lines indicate electrostatic
interactions and hydrogen bonds.



Figure S4. Electron density maps of the hNKiR crystal structure. (A) 2Fo-Fc map for the
orthosteric binding pocket region of hNK1R including the L760735 ligand at center. The contour
level is 1.0 o; (B) Stereo view of 2Fo-Fc electron density for TM helices 3 and 6. The contour level
is 1.0 c.
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Figure S5. Chemical structures of the hNK R antagonists L760735 and aprepitant, drawn as
conjugate acids. The predicted pKa's using the program Epik are 7.4 for L760735 and 5.2 for
aprepitant.
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Figure S6. Root-mean-square deviation (RMSD) vs simulation time curves for four MD systems.
(A) hNK1R/L760735 (neutral form); (B) hNK1R/L760735 (charged form); (C) hNK R/aprepitant
(neutral form); and (D) hNK;R/aprepitant (charged form). The Ligand (LS Fit) curve (green)
indicates the extent of ligand conformational changes during the MD simulations, while the Ligand
(No Fit) curve (blue) measures both conformational changes and translational/rotational
movement of the ligand in the binding pocket.
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Figure S7. Detailed interactions between ligands and hNK1R hotspot residues derived from MD
simulations. Hotspot residues were identified by MM/GBSA decomposition analysis and colored
by spectrum from cyan to red. The stronger the interaction with the ligand, the closer to cyan the
residue. Only hotspot residues that have AGuwmcssa better than -0.5 kcal/mol are shown in
wireframe. The conformations shown are representative MD snapshots that have the smallest
mainchain RMSDs compared to the average MD structures. (A) hNK;:R/L7650735; (B)
hNK;R/L7650735 (charged form); (C) hNK1R/aprepitant; (D) hNK R/aprepitant (charged form).

H|$26

, \ \al1163-36
Trp2616-48



nklr human
1

NKIr human .. ... ..t e et eeeeeocecosocssososscsssccsosssscscscccsccscesssMDNVLPV
NK2r human ... ....cccceeeeeeecsccscccsccscsccsccscscsccsccsccscsseess MGTCDIVITE

nk3r_human MATLPAAETWIDGGGGVGADAVNLTASLAAGAATGAVETGWLQLLDQAGNLSSSPSALGL

al
nklr human Q9
1o 29 39 a0 50 69
nklr human DSDLSPNISITNTSEPNQF|VQPAWQ|IVIAYAALSAT|V I\YV|IT SAYVIEIIV VAUM|BS:$:(K):BU8: 5 Ay
nk2r human ANISSGPESNTTGITAFSMPSWOQ.LAMYATEW4LA LWL VANTENA TAYT|IBSH:$:{R):II0SALY
nk3r_human PVASPAPS|QPWANLTNQF[VIQPSWR|T AAYS LERAGIV VAV AT (BN ThY T\ 8 SN 1K )00 Gy
a2 a3
nklr human 000000000000000000000000000
7? 8(? 9(_) 10(? 11(? 129
nklr human QREFSFLAANHNFAE AISHEESRT V|V ) VEIN . ERR4Y[e]L F|Y[¢§K HmFA FINSIYSMTAW
nk2r human RESITVANHALAD LICHEVSBIAAF \Y% SIHERAW YIIGRE:NFCMF OINAF P IRANIFWYS I YSMTARN
nk3r_human REFSYTAASHNF SDA|SIIENPT|LV] @ INHERAW YIJGEWNMCIAF[ONIJF P TUNANFINS T Y SMT AjS
o4 Bl B2
nklr human QQQ000Q000Q00Q 00000000000000000000000QQ ==—=—p —
13(_) 14(_) 15(? 169 179 189
nklr human FRh:a'@iv: W T HAT, Q8 AEY-NT A VAEYC VERYV LELILIRF G Y| TTETMPSRVV[EMTIEWPEH
nk2r_ human APRSSIEWRV HIAF QP SREYAP SR ANVEIA GERL VELAIWASHe]C F TVTMDQGATK[HVIVAWPED
nk3r_human (W JDRYMAINDPIRAPRLSAUWNT KRV I[e3] T WERHAINNALAJYP Ofean KTKVMPGRTL{FVQWPE .
as
nklr human
199 209 219 229 239 249

nklr human ..PNKIYEKVPRATICAYTVIATNFLIBALVIGYANTVVEIUMAYASET)HeD|S|S . DRYHE QV|SE\KR
nk2r human SGG..KTLLLPELVIUTAATNMELIGAAVMEVANSV I[ELESAYRRAVIAHOAHGANLR HLQEIMK
nk3r _human .GP..KQHFTREITT\YI|TIAVI{CFIPAT IMGITRYT I V{ETEPAYGGE[I}eD(TIC . DKY HE QL/KEIKR

ab a7

nklr human
250 260 270 280 290 300

nklr_human [IVEEIM VV[TFAICWLPFHRGFALINSS M ENIKFI 00V Y LAMUWLAMSSTMYNPII

nk2r human FAAY T VVIITFAICWLPMH FRLeRp N I 4eS:  KINTOOVYLAIMAWLAMSSTMYNPII

nk3r_human VEAIMI VVRITFAICWLPMH FRLig-SRgoXeiN gAY KNI OOVY LARPYIWLAMSSTMYNPII
a8

nklr_human QQQQ QQ00Q0Q0Q0QQ
310 320 330 340 350 360

nklr human (A B UDPSBUT (YK HEWBAC(HLF ISAGDYEGIRYMKSEHRYLQ|TIQGSVYKVSRLETT|I|STVVGA
nk2r human PAASAUHIIBAS[EIYR LEVBUAC[S4W VTP TKEDKIAYLTPRTSLS|TRVINRCHTKETLFMAGDTAPS
nk3r_human P{JHK)IPIA[DYKREVPAW[SIYF IKVS SYDERYLKTEYRFHPNRQSISMYTVTRMESMTVVFDP

nklr human
370 380 390 400

nklr human HEEEPEDGPKATPSSLDLTSNCSSRSD|SKTMTESFSFSSNVLS.......
nk2r human EATSGEAGRPQDGSGLWFGYGLLAPTKTHVETI .. .. ¢ e e eeeeeoeann
nk3r_human NDADTTRSSRKKRATPRDPSFNGCSRRNSKSASATSSFISSPYTSVDEYS

Figure S8. Multiple sequence alignment of the 3 human tachykinin receptors. Arrows identify
residues making contacts to the ligand. Colors correspond to those in Fig. S9: cyan arrows show
positions where all are identical, magenta arrows show positions where two subtypes are identical,
and orange arrows show positions that are not conserved between any of the three receptors.



Figure S9. Subtype divergence at the antagonist binding pocket. Colors correspond to the arrows
in Fig. S8: cyan sticks show residues that are identical between the three human receptor
subtypes (hNK1R, hNK2R, hNK3R), magenta sticks show residues where two of the subtypes are
identical, and orange sticks show residues that are not conserved between any of the three
receptors. L7650735 is in yellow.



hNK+R-PGS/L760735"

Data collection

Space group C2
Cell dimensions
a, b, c(A) 124.0, 62.0, 142.9
B(°) 100.2
Resolution (A) 34.44 (3.40) 1
LimitS along a* 3.9
b* 3.7
c* 3.4
Rsym or Rmerge 0.15 (N/A) *
I/cl 6.98 (1.14)
Completeness (%) 94.1 (94.6)
Redundancy 4.0 (3.9)
CCu2in the highest shell 0.41

Refinement

Resolution (A)
No. reflections

34.44 -3.40 (3.49-3.40)
11310

Rwork/ Rfree 024/030 (027/034)
No. atoms
Protein 3844
Ligand 40
B-factors
Protein 105.9
Fusion protein 18.9
Ligand 118.5
R.m.s deviations
Bond lengths (A) 0.011
Bond angles (°) 1.51
Ramachandran statistics (%)
Favored regions 95.8
Allowed regions 4.2
Disallowed regions 0
Clash score 8.21 (97" percentile)

Molprobity score 1.74 (100" percentile)
T Diffraction data from 36 crystals were merged together.
T Highest-resolution shell is shown in parenthesis.
§ Limits along a*, b*, ¢* from anisotropic truncation in HKL3000.
* Rmerge higher than 1 is statistically meaningless.

Table S$1. Crystallographic data collection and refinement statistics



