a )

100

40

A280 absorbance (mAU )

5928
DS
’9'[3, i
o0
(Q
(K
&
- (L)
8 = 3
; o)
&
)

omBP
(ot HEET s —&)

H,R/Gj/histamine

;

— H4R-LgBiT
= GBHBIT

mALU

250

150

50

A280 absorbance (mAU)

6 8 10 12

Volume (mL)

H,R/G,/VUF6884

— H4R LgBIT
=& miir
— scFv16

C

Volume (mL)

Histamine-bound H,R/G;

5

™3 TM4

TM5 TM6 TM7 aH5o0f Ga; Histamine

VUF6884-bound H,R/G;

3%

™1 TMm2 T™3

Y

£

-
>
%

TM5 TM6 TM7 aHS5 of Ga

VUF6884

250

200

150

100

A280 absorbance (mAU)

50

H,R/G;/Clobenpropit

53 =
40 = — H4R-LgBIT

—Ga,

33 - — Gp-HIiBiT
| 4 = scFv16

25 - |

A280 absorbance (mAU )

2 4 & E:d 10 12 14 16 13 20 ™

Volume (mL)
H4R/Ga;/Clozapine

2 4 6 8 10 12 14 16 18 20 M

Volume (mL)

Clobenpropit-bound H,R/G;

T™2 TM3 TM4 TM5 TM6 TM7 aH5of Ga; Clobenpropit

Clozapine-bound H,R/G;

™1

L ~
A

- /V):.\
"% 7

™2 T™™3 TM4 Tms TMe Tm7 oH50f Go Clozapine

Supplementary Fig. 1 Expression and purification of H,R. a, A snake-shape diagram of the H,R construct used in complex assembling, the diagram was
adopted from GPCRdb. b, Size exclusion column profiles and SDS-PAGE analysis of H,R/G; complexes. Source data are provided as a Source Data file. c,
Cryo-EM density map of representative regions of H,R/G; complexes. Map level was set to 0.08 in chimeraX.
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Supplementary Fig. 2 Flow-chart of cryo-EM data process of H,R/G; complexes. The image process, 2D, 3D classification and Bayesian Polishing

were done by Relion, others were done by CryoSparc.
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Supplementary Fig. 3 Additional information of the ligand binding pocket of H,R. a, The clipping view of the ligand binding pocket bound with
histamine, Clobenpropit, VUF6884 and Clozapine. b, An comparison of the overall structures of histamine, Clobenpropit, VUF6884 and Clozapine-bound
H,4R. ¢, A comparison of histamine-bound H;R and H,R from the top view. d, A comparison of ligand/receptor interaction of the histamine-bound H,R with
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IJNJ7777120 into H4R. h, The ligand/receptor interaction of the docked JNJ7777120 in H,R. i, pKi of H,R mutants in binding of JNJ777120. Data are
presented as mean values =SEM.; n =3 independent samples. Source data are provided as a Source Data file.
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Supplementary Fig. 5 Ligand binding assays of H,R mutants. a, [3H] JNJ7777120 binding assay via homologous displacement. b, The competition
binding assay of histamine to [3H] JNJ7777120. Data are presented as mean values £SEM.; n =3-4 independent samples. Source data are provided as a
Source Data file.
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Supplementary Fig. 6 Ligand binding assays of H,R mutants. a-b, The competition binding assay of Clobenpropit and VUF9884, respectively, to
[BH] INJ7777120. Data are presented as mean values +=SEM.; n =3-4 independent experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 7 Ligand binding assays of H,R mutants. a, The competition binding assay of Clozapine to [®H] JNJ7777120. b, The surface
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a Source Data file.
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Supplementary Fig. 8 The BRET G,; activation assays of H,R mutants. a-b,
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Supplementary Fig. 9 The BRET G; activation assays of H,R mutants. a-b, The Ga; biosensor BRET assays of H,R activation via VUF9884 and
Clozapine, respectively. Data are presented as mean values £SEM.; n =3-4 independent experiments, n=2 for mock control experiment. Source data are

provided as a Source Data file.
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Supplementary Fig. 10 An overview comparison between the RA binding and functional assay. Data are presented as
mean values =SEM.; n =3-7 independent experiments. Source data are provided as a Source Data file.
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Supplementary Fig. 11 Additional information of H,R/G; engagement. a, The details of the hydrophobic interaction between aH5 and TM5-TM6
of the receptor. b, A comparison of the aH5/receptor interaction of the histamine, Clobenpropit, VUF9884 and Clozapine-bound H,R/G; complex. ¢, A
comparison of the aN angles of of the histamine, Clobenpropit, VUF9884 and Clozapine-bound H,R/G; complex.



Supplementary Table 1. MD simulation system setting

Box dimensions Total Total . - -
Salt concentration Lipid composition
A atoms waters
65 x 65 x 111 44795 27989 KCI, 150 mM POPC:cholesterol = 4:1




