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Figure S1. (A) Restructuring of the F-F’ helix/loop region triggered by distinct crystal packing in
the C2 space group. The F-F'-G’-G fragments of ligand-free (5VCE; 1222) and 3a-, 3e- and 3i-
bound CYP3A4 (C2) are shown in black, red, beige and purple, respectively. (B, C)
Crystallographic dimer of CYP3A4 and its spatial arrangement in C2 crystals, respectively. The
400-430 fragment (in green and magenta) is at the monomer-monomer interface, whereas the
F-G fragment (in black and purple) mediates inter-dimer contacts. (D) A view at the proximal
face of CYP3A4. The water-bound protein (5VCC structure) is in gray; 3a- and 3e-bound
complexes of WT CYP3A4 are in pink and light blue, respectively; and 3i-bound K421A/K424A
CYP3A4 is in black. Structural superposition shows that substitution of surface K421 and K424
with alanine does not distort the proximal loop region. Non-mutated lysine side chains are
displayed.
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Figure S2. Binding of 3a (A, B) and 3h (B, C) to the active site of CYP3A4 crystallized in 1222
and C2 space groups. For both 3a and 3h, electron density maps were not clearly defined in the
1222 structures (green mesh in A and C, respectively). Therefore, 3a- and 3h-bound CYP3A4
was recrystallized in a more densely packed C2 space group. (B, D) Comparison of the ligand
binding modes observed in the 1222 and C2 structures shows that there are virtually no (for 3a)
or only minor distortions (for 3h), primarily imposed by changes in the F-F’ loop (residues 210-
213).
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Figure S3. Spectral and ligand-binding properties of K421A/K424A CYP3A4. (A-C) Spectral
changes induced in the mutant by 3d, 3i and ritonavir, respectively. Absorbance spectra of ferric
ligand-free and inhibitor-bound CYP3A4 (2 uM) were recorded in 0.1 M phosphate buffer, pH
7.4, supplemented with 20% glycerol and 1 mM dithiothreitol, and displayed in black and red,
respectively. Spectra of the ferrous form and its CO-adduct are in green and blue, respectively.
The inhibitor concentration was 10 uM. Equilibrium titrations were conducted as described in
the Materials and Methods section in the main text. Titration plots with quadratic fittings are
shown in insets. The derived dissociation constants were 0,019 uM, 0.025 uM and 0.023 uM for

3d, 3i and ritonavir, respectively.
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Table S1. Data collection and refinement statistics

Ligand 3a 3b 3c 3d 8
CYP3A4 WT WT WT K421A/K424A WT
PDB ID 7KNH 7KVI 7KVJ 7KVK 7KVM
Data statistics

Space group c2 1222 1222 c2 1222

Unit cell

Resolution range (A)
Total reflections
Unique reflections
Redundancy
Completeness
Average |/ol

Rmerge

Rpim

CC¥

Refinement statistics

R/ Rfreeb

Number of atoms:
Protein
Solvent

R.m.s. deviations
Bond lengths, A
Bond angles, °

Wilson B-factor, A?
Average B-factor, A%
Protein

Ligand

a,b,c =93x95x 153 A;
a, B, v =90 x 90 x 124°

39.55-2.79 (2.79-2.94)*
167,933

27,176

6.2 (6.0)

98.3 (96.9)

5.8 (1.1)

0.163 (2.561)

0.107 (1.155)

0.993 (0.489)

23.8/27.8

3657/3555°
24

0.002
0.490

83

91/110°
85/104°

Ramachandran pIotd (residues; %)

Preferred
Allowed
Outliers

816 (93.0%)
60 (6.8%)
2 (0.2%)

a,b,c =77x103x126 A;

a, B,y =90°

79.64-2.55 (2.55-2.69)
81,756

16,474

5.0 (4.8)

99.2 (99.5)

8.3 (1.0)

0.077 (1.163)

0.038 (0.592)

0.998 (0.532)

22.5/26.2

3654
21

0.002
0.531

79

112
140

427 (96.0%)
17 (3.8%)
1 (0.2%)

a,b,c =76 x100x 124 A;

a, B,y =90°

78.17-2.65 (2.79-2.65)
51,716

13,659

3.8 (4.0)

97.1(98.3)

7.4 (1.0)

0.070 (2.029)

0.042 (1.127)

0.998 (0.320)

22.5/28.0

3341
4

0.002
0.490

96

136
162

388 (95.0%)
20 (5.0%)
none

a,b,c =76x101x 125 A;

a, B,y =90°

77.80-2.55 (2.69-2.55)
159,292

37,311

4.3 (4.4)

99.8 (99.8)

8.4 (1.1)

0.080 (1.443)

0.043 (0.768)

0.999 (0.398)

23.7/27.7

3716/3581
14

0.002
0.467

73

89/131
102/126

848 (94.9%)
44 (4.9%)
2 (0.2%)

a,b,c =78x101x 129 A;
a, B,y = 90°

79.64-2.70 (2.85-2.70)
56,723

13,668

4.2 (4.3)

95.9 (97.4)

8.5 (0.9)

0.047 (2.926)

0.038 (1.358)

0.996 (0.313)

22.7/27.6

3720
0

0.003
0.661

112

141
149

435 (95.0%)
25 (5.0%)
none

values in brackets are for the highest resolution shell.

PRiee Was calculated from a subset of 5% of the data that were excluded during refinement.

“Values for two molecules in the asymmetric unit.

Analyzed with PROCHECK.
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Table S2. Data collection and refinement statistics

Ligand 3e 3f 3g 3h 3i
CYP3A4 WT WT WT WT K421A/K424A
PDB ID 7TKVN 7KVO TKVP 7KVQ 7KVS

Data statistics

Space group Cc2 12 1222 Cc2 Cc2

Unit cell a,b,c =93x96x 153 A; a,b,c =93x98x128A; a,b,c =78x102x128A; a, b,c =93x97 x 154 A; a,b,c =93x98x155A,;
a, B, y=90x 90 x 124° a, B, y=90x 90 x 93° a, B,y =90° a, B, y=90x 90 x 124° a, B, y=90x 90 x 124°

Resolution range (A) 76.93-2.70 (2.85-2.70)% 49.04-2.65 (2.79-2.65) 80.00-2.75 (2.907-2.75) 77.28-2.70 (2.85-2.70) 77.82-2.50 (2.64-2.50)

Total reflections 136,528 223,503 43,178 177,490 246,329

Unique reflections 28,152 33,059 13,250 30,116 38,953

Redundancy 4.8 (4.3) 6.8 (6.7) 3.3(3.4) 5.9 (6.0) 6.3 (6.3)

Completeness 91.9 (84.0) 99.9 (99.9) 97.3 (98.6) 94.4 (97.2) 97.6 (97.4)

Average /ol 4.0 (1.0) 12.3 (1.1) 5.9 (0.7) 8.5 (1.1) 11.0 (1.0)

Rierge 0.233 (1.598) 0.070 (2.278) 0.072 (2.466) 0.093 (1.641) 0.075 (1.922)

Ryim 0.115 (0.841) 0.029 (0.944) 0.045 (1.566) 0.040 (0.723) 0.032 (0.830)

CC»% 0.970 (0.571) 0.999 (0.390) 0.998 (0.481) 0.999 (0.372) 0.999 (0.345)

Refinement statistics

R/Rfreeb 24.8/29.0 24.1/29.3 22.7/27.3 25.0/28.0 23.5/27.5

Number of atoms:

Protein 3653/3646° 3721/3631 3653 3669/3605 3689/3538

Solvent 88 0 2 0 47

R.m.s. deviations

Bond lengths, A 0.003 0.003 0.004 0.002 0.002

Bond angles, ° 0.563 0.570 0.731 0.497 0.500

Wilson B-factor, A2 69 91 113 89 80

Average B-factor, A%

Protein 75/93° 107/160 96 100/167 99/151

Ligand 65/88° 164/177 163 128/177 132/182

Ramachandran plotd (residues; %)

Preferred 826 (92.9%) 842 (94.1%) 435 (97.0%) 837 (93.9%) 836 (94.1%)
Allowed 62 (9.0%) 52 (5.8%) 14 (3.0%) 53 (6.0%) 51 (5.8%)
Outliers 1 (0.1%) 1 (0.1%) none 1 (0.1%) 1 (0.1%)

@values in brackets are for the highest resolution shell.

PRiee Was calculated from a subset of 5% of the data that were excluded during refinement.
“Values for two molecules in the asymmetric unit.

dAnalyzed with PROCHECK
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Table S3. Local correlation coefficients (CC) and CCpeax between three polder maps (Fops = |Fmogell)

Map 1 (m1l), calculated F.ps assuming that the omitted ligand atoms are present. Map 2 (m2), calculated Fgps
assuming that the omitted ligand atoms are not present. Map 3 (m3), polder map using experimental data.

m1l-m2 m1-m3 m2-m3

Ligand/PDB ID cC CCheak CC CCpeu cC CCheak
3a 7KVH 0.4949 0.4797 0.8790 0.8579 0.4998 0.4709
3b 7KVI 0.6654 0.6106 0.8934 0.8439 0.6464 0.6431
3c 7KNJ 0.6304 0.6167 0.8333 0.7082 0.4517 0.3954
3d TKVK 0.5390 0.4609 0.9078 0.8797 0.5149 0.4463
8 7KVM 0.6183 0.5721 0.8442 0.7824 0.6879 0.6878
3e 7KVN 0.5025 0.5048 0.8715 0.8431 0.4884 0.4780
3f 7KVO 0.7812 0.7598 0.8015 0.7899 0.6965 0.6741
39 7TKVP 0.6169 0.6394 0.8884 0.8461 0.5352 0.5618
3h 7KVQ 0.6701 0.6616 0.8005 0.7598 0.6414 0.6466
3i 7KVS 0.6324 0.6383 0.8551 0.8222 0.7047  0.6985

Correlation coefficients for polder maps were calculated using phenix.polder in the PHENIX software package.'

For all ligands, CC(1,3) was > 0.8 and higher than CC(1,2) and CC(2,3), meaning that the polder maps
displayed in Figures 3 and 6 of the main text show the omitted ligand atoms.?

Adams, P.D.; Afonine, P.V.; Bunkoczi, G.;: Chen, V.B.: Davis, I.W.; Echols, N.; Headd, J.J.; Hung, LW.;
Kapral, G.J.; Grosse-Kunstleve, R.W., et al. PHENIX: a comprehensive Python-based system for
macromolecular structure solution. Acta Crystallogr. Section D 2010, 66, 213-321

’Liebschner D., Afonine P.V.; Moriarty N.W.; Poon B.K.; Sobolev O.V.; Terwilliger T.C.; Adams P.D. Polder
maps: improving OMIT maps by excluding bulk solvent. Acta Crystallogr. Section D 2016, 73, 148-157.

S7



03ERS077

Current Data Parameters

1H spectrum

3
1
8
2

6410.256 H
0.0 ppm

zg30

65536
no
.00

drx400
293.0 K
65536

NHHA A2 - Acquisition Parameter
Date_ 20180130
Time 12.47
INSTRUM
PROBHD 5 mm QNP H/F/P
PULPROG
TD
SOLVENT CCl3T
NS
DS
SWH
FIDRES 0.097813 H
AQ 5.1118078 s
RG 161
DW
DE
TE
Dl 0.10000000 =
MCREST 0 sec
MCWRE 0.01500000 s¢
======== CHANNEL fl
NUC1
Pl
PL1
SFO1 400.1328009 M
F2 - Proceesing parameter:
85I
5F 400.1300175 M
WDW
SSE b}

LB 0 Hz
GB ]
PC 2
T T
1.0 0.5

el

Et20

Rt

MeOH

Iz

0w m
e
L

w
—

3ERTF

n
=
Y

TZ9 ¥
P9

s"
DCM
5

SERTS ——

AL
5‘5

- ey
TNO TN
wwmman
e L

n
Fe¢ BEEC
|n
~
n —06¢"1
[~

]
MmN
LR LY ]
@ @ 0w

1A




R

Current Data Parameters

NAME 04ERS109
L T L N N TN AU T U 1 A N R T N LT T R KT T N K e s e T e s on 1 w1 e v wBRE NG o 3
AR NNV OON N TN NGO Moo A~ MDD RS0 e~ oo PROMND "o 1
NN ORI TTTMANNNNNNAAARAN NG OO0 DD WD NN TP oo

= N0 n

L e T i D Bagist
e \'ﬁﬂ\\\\\///{mﬁ// — = INSTRUM arx400

PROBED 5 mm QNP H/F/P

L.220
1.024
.187
.238

L
2

PULPROG zg30
D 65536
SOLVENT 13T
NS 8
DS 2
SWH 6410.256
FIDRES 0.097813
AQ 5.[1118078
RG 406.4
bW 78.000
DE 4.50
TE 298.0
Dl 0.10000000
MCREST 0 sec
MCWRE 0.0L500000
mmmmmmm= (HANNEL| £1 ====
Nuc 1H
Pl 12.00
PL1 -1.1¢
SFO1 400.[1328009
FZ - Processing paramete
ST 65536
SF 400.|L300175
wowW no

~ SSB 0

| LB 0 Hz

GB o

T N PC 2,00

H T
T T T T T T T T T T T
5.0 4.5 4.0 a5 N 2.5 2.0 1.5 1.0 Q.5 0.0 PFm
— ) © || el o~
| -~ | =R By



1H spectrum Current Data Parameters

NAME 04ERS111
L R N R N LT M A N R M T N T R AN L S e G LT N S N S AN e T R M T N G e A N M e 1 N 1 L e e e e e BRENOD - 3
CEMMEOCN AR~ OE T MO RDwDHmR R NI MOONNOD O TATN OO XTI N NG DM~ 1 r QY PROCND o 1
R E T MO T T MNNNNNNNNN A O OO m R R R N N A e e Y T e e e =

4.62¢

M~~~ [l ol ol o NMNNNNNNN NN A—--dF2 - Acquisition Pamatez

)/ s\ S/ 22 e forgpss

T TR g # 7 INsTRUM drk400

/

PROBHD 5 mm QNP H/F/P

PULPROG zg30
D 65536
SOLVENT el3T
N8 8
DS 2
SWHE 6410(.256 H
FIDRES 0.097813 H
AQ 5.1118078 8
RG 322.5
DW 78.000 uw
DE 4.50 w
IE 298.0 K
D1 0.1000/0000 =
MCREST 0 sec
MCWRK 0.0150p000 s«
-------- CHANNEL f1| ===mmm=:
RUCl 1
Pl 12.00 u
PL1 -1.10 4
SFOL 400.132[8009 M
F2 - Processing pargmeter:
ST 65536
SF 400.130/0175 M
WDW no
SSB 0
LB 0 Hz
N GB 0
BC £.00
H H T
XO\"/ N., s N .
T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 0 €.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 PFm

o I | [l o o ||| ] o o ol

o al = [ o o (ol of o =l

o o ™ m| — b o = 0 Ao | o

- ~ Al A [ P PP P ~ -



3

Current Data Parameters
04ERS115

NAME

1H spectrum

sec
dB
MHEz

use!
K
400.1328009 MEz

8
2

6410.256 Hz

no
¢

1K
12.00 use«

-1.1

b2t
=S
ers
13.1
drx40
5 mm QNP H/F/
zg30
655385
CoCl3T
0.097813 Hz
5.1118073 sec
322.5
78.000 uset
4.5
298,
65536
400.1300175

2018013
0.10000000 sec

0 sec
0.015000¢C

CHANNEL £1

Time

F2 — Processing parameters

F2 - Acquisition Param

Date,
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
ST

5F

WDW

88B

LB

GB

PC

o
"
-

t68°¢C

106°2 LIXAL

3%76°¢ GPE"?
PLT"E

302°¢

[4.148

3Z0°1

N

34483 —¥50)

36 €

wmm.mx\
F.m.m
w:.mu\
Thg-s
5G8°F

I

3997

\5

LTL*T -
SeL-T
S — 7T
3862
30677 a
mmw.w/ M ea
1892
UE.N/
m.:‘:wl/

%/m -
LT6° ¢ ~
:T«W%
6T E -\ & o TTEX
..FN‘My [

e 11N}
uom.mw —TTE:
wmm.ml\\l I
SEETE 7 — L
uun.m& = [
196°€
mrw‘m& \\

::.n\ °
Fad-A -
-

i T s
[~ —g5z72

— 33ac ¢




1H spectrum

RS

Current Data Parameters

NAME 03ERS097
Lo e e U U1 Y T I G M N T o A3 G N L N T T N LT 1 e G e Ay B e w et o oy BRE D 3
NONOND - NBOTDOEINE DM A ON LM 0D M N G i G DT A D PROONN 1
WNNAN—ONRTRTEMNNANNN T AT A Ao MO MON SO0 INU MM NN G

@ meem

%&\R\:\\\\:\L\\*\%\i\\\\\\\

R ] — Mcquisition Paramete

;’/CL) //ff,:;;;fi;;;é¥=i4/<zéf/m 20180201
// %‘UM

TS SN T drxi00
BHD 5 mm QNP H/F/P
PULPROG Eg30
D 65536
SOLVENT @dql3T
NS ]
D8 2
SWE 6410}1256 1
FIDRES 0.097813 1
AQ 5.1118078
RG 362
DW 781000 1
DE .50 1
TE 2%8.1 1
D1 0.1000¢000 ¢
MCREST 0 sec
MCWRK 0.01504000 =
s=s===== {HANNEL f[1 |=====
Nucl 1H
P1 12.00 1
PL1 -1.10 ¢
SFO1 400.1328009 ¢t

F2 - Processing pargmeter

ST 63536
SF 400.130¢175 ?
WDW no
88B [
N LB 0 Ez
" GB ]
| BC 4.00
\‘\\
MeOH

T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm




1H spectrum

‘a&\\%ﬁ\%&&%\ /%///////))//7/

4,744
TT—a. 728
_——4.16¢
TT—a.145

1.532
1.392

Current Data Parameters

24
1.899
L.212

131

4 .
L2415 — in
2.809

41

L.
L

1L.003

3$.002
2.223
L.9561

L.994

NAME 03ERS083
EXPNO 3
PROCNQ 1
F2 - Acquisition Parameter
Date_ 20180201
Time 14.48
INSTRUM drx400
PROBHD 5 mm QNP H/F/P
PULPROG zg30
D 5536
SOLVENT Qel3T
N8 8
DS 2
SWHE 6410.256 H
FIDRES 0.097813 H
AQ 5.1118078 8
RG p28.1
DW 78.000 w
DE 4.50 uw
IE 97.9 K
D1 0.10000000 s
MCREST 0 sec
MCWRK 0.015400000 o«
mmmmmmm= CHANNEL £1 =mm==
RUCl 1
Pl 2.00 u
PL1 1.10 4
SFO1 400.1328008 M
F2 - Processing parameter:
ST 5536
SF 400.1300175 M
WDW no
SSB 0
LB 0 Hz
GB 0
BC 2,00
Nemmree
T T T
1.0 0.5 0.0 ppm



03ERS081

Current Data Parameters

NAME

1H spectrum

dNemmYooro

3
1
i)
]
Q
]

14.42
drx400

1

Jo

0.0 ppm

5 mm QNP H/F/P
65536

20180201
B
2
0
0.01500000 ¢
12,
-1.
400.13280
400.13001175 1

F2 - Acquisition Paramete
0 sec

== (HANNEL f1 mmfmm=

F2 - Processing paramefer

PROCNO
INSTRUM
PROBED
PULPROG

D
SOLVENT

EXPNOC
Date
Time
5T

SF
WDW
5SB
LB

GB

PC

0007¢

[6E"T
FES'T

8

N J

A
Hmm.m%/ \“Lloj.lm
AN —
A

e [ —3z™
. ”mWWW m
_ w\\m =
6v € e
ﬂ”w.\\ —¥801

—3
e ¥ I=
HTE -
MLE O WfLﬁ 056 ¢

PZETS —— _” N L96°(
[L1°L

LT L

xﬁ.h‘/ o
Sm.p/ L=
PN ™~

itzre 3y

39z LN

e

-t T
6y L i [ —ger
6% L ~ #0871
ummé\

WL~ =15z
L —TFE"
wmp.h\\ a

II8°L -2

78" L —BE01
ret g —" —
1 e
] [m — P65
_.nq.m“ @

mo

uy
n

0w oo
)

™o
o

o
—

M~ U oo Ut
NN AN

@
~

5.0

6.5




1H spectrum
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ES-377-a (0.019) Is (1.00,0.01) C31H39N30O3SNa
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4109_a (0.019) !s (1.00,0.01) C31H39N303SNa TOF MS ES+
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4111_a (0.019) Is (1.00,0.01) C31H39N303SNa
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4115_a (0.019) Is (1.00,0.01) C31H3ON303SNa 1 Q’ TOF MS ES+
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397_a (0.019) Is (1.00,0.01) C33H41N4O3S
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383_a {0.019}Is (1.00,0.01) C35H42N3038
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381_a (0.019) Is (1.00,0.01) C35H42N303S

TOF MS ES+
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4129_a (0.019) Is (1.00,0.01) C35H42N303S

TOF MS ES+
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4145_a (0.018} 15 (1.00,0.01) C35H41N303SNa
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4102_a (0.019) Is {1.00,0.01) C31H40N304S

TOF MS ES+
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390_b (0.019) Is (1.00,0.01) C31H40N40O3SNa TOF MS ES+
100- 571.2719 6.56e12

et

H i EJ«NJ
O__N,
_ _ >( jg’ S?\ﬁ% /\_/\"\/Nj
| 572.2750

573.2740
574.2747
e A Lo At Lot Lt bt bty L Lt M B stad s sl Lo i) L A LA Ll R L L bl b bkl haad Mt Maad witd Mt Lty My MAASS A LA AL MAAM WAL M MM R
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	Data statistics
	Total reflections  167,933   81,756   51,716   159,292               56,723
	Refinement statistics
	Solvent   24   21       4   14         0
	R.m.s. deviations
	Ligand   85/104c   140       162   102/126      149
	Data statistics

	Total reflections  136,528   223,503   43,178   177,490               246,329
	Refinement statistics
	Solvent   88   0       2   0         47
	R.m.s. deviations
	Ligand   65/88c   164/177       163   128/177      132/182


