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Figure S1. Structures, names and 3-letter symbols of the steroidal ligands used in the study
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ECso values (UM)

3 letter | Reference | Reference
Ligands symbol |1 2 Reference 3
Cortisone PDO >10
Dexamethasone DEX 4.78 >10
Prednisone PDN >10
Fludrocortisone ZK5 >10
17-alpha-
hydroxyprogesterone 17A >10
DHEA AND >10
Estrone 132 >10
Beclomethasone BLX 6.30
Testosterone TES 6.26 0.05 0.15
Cortisol HCY 6.16 >10
Betamethasone BMO 4.78
Estradiol EST 3.18 0.91 3.60
Aldosterone AS4 1.12 0.71
Spironolactone SNL 0.56 0.94
R1881 R18 0.78
17-alpha-ethinylestradiol 3WF 0.40
Dihydrotestosterone DHT 0.39 1.21
Corticosterone COR 7.20E-02 9.00E-03
Loteprednol Etabonate LE8 2.00E-02
Triamcinolone 1TA 6.00E-03 5.88E-02
Fluticasone Propionate FLP 4.00E-03
Budesonide BUD 3.00E-03
Norethindrone acetate NDO 2.00E-03
Megestrol Acetate MUz 1.00E-03
Norethindrone NDR 1.00E-03 1.00E+01
Ethisterone ETO 9.19E-04
Medroxyprogesterone MPO 4.00E-04
Gestodene GEO 3.00E-04
Cyproterone acetate CA4 7.90E-04 2.00E-04
Progesterone STR 3.89E-05 2.50E-03
Promegestone POM 1.28E-05 2.90E-05
Mometasone MOF 1.20E-05

Table S1. EC; values of 32 ligands in this study are derived from Ref 1: Fan et al, Toxicological
Sciences, 2015. 145(2): p. 283-295, Ref 2: Sedlak et al, Comb Chem High Throughput Screen,
2011. 14(4): p. 248-66., Ref 3: Wilkinson et al, SLAS Discovery, 2008. 13(8): p. 755-765.
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Figure S2. Representative structures of PR-ligand complexes are superposed to reveal binding
orientation of steroid hormones. Ligands are also extracted from the complexes and shown
separately, grouped by ligand class. All steroidal ligands retain the same orientation and
position within the binding pocket.



*
— -2
O
E -
S -6- s
=
> -8
o .
®-10 - [es | -
C ®
D12 )
8 ¢
=-14 .
-16 : il

Figure S3. Free energy calculations using MM-PBSA reveal a relationship between potency and
binding energy. Compared to all other ligands, inactive ligands and high potency ligands
displayed significantly higher and lower free energies respectively. (*, p < 0.05 by two-tailed,
unpaired t-test)



RE F794 L797 L887 C891 V903 F905 M909 1913 N719 M756  L763 R766 F778
S
17A 2310 2142  13.61 13.53 28.95 2546 4.764 0.136 18.67 6.873 2.844 4223 23.77
5 7 6 6 0 0 8 9 2
AND | 2755 20.41 13.91 13.58 7.899  32.64 1.738 5.297  5.001 4883 5946 6238 27.75
6 2 5 6 1 9 9
DEX 19.11 23.18 18.15 16.08 3222  26.31 3.101 -0.177 20.82 7.437 3.088 5260 2525
1 9 2 7 6 4 8 3 8
J3z 18.03 18.87  13.01 13.90 1569  33.31 2.648 4507 1330 5613 3.349 67.03 19.11
3 2 6 6 7 7 3 6 3
PDN 38.18 2236 1773 1270 2993 2153 -1.172 0.3563 -9.962 4.838 3.369 65.83 23.43
2 7 5 0 6 7 7
PDO 20.41 2264 1482 1274 3288 26.17 4225 1111 19.51 -0.243 6.214 5119  28.20
6 5 2 3 6 7 2 6 6
ZK5 36.38 1449 1322 1365 4895 21.13 2.795 0.774 -7.370 0.251 -0.641 56.09 18.71
2 2 3 2 1 9 7
TES 3227 1679 15630 1246 9106 2462 -1.463 -0.198 -1.235 6.244 -1.125 6187 21.11
8 1 6 6 7 1 5
SNL 27.84 18.63  9.061 11.98 6.651 22.60 2.996 1432 -4.823 4105 -7.263 6647 19.12
2 7 2 1 5 4
HCY 35.02 18.68 1430 1445 1396 22.53 3.228 0877 2688 0.984 -0.278 6228 23.06
1 3 5 4 0 7 1 5
EST 36.85 19.17 1636  11.21 6.355 2441 -2.776 1626 -3.090 9975 -2183 59.95 17.59
9 3 3 5 1 5 2
DHT 28.84 2022 1498 13,50 10.51 27.81 0.663 2544 3.048 5025 1.147 5533 2237
4 6 0 0 8 5 6 3
BMO 38.88 2396 13.09 1647 5262 26.45 4.291 4.053 -4.884 0.748 6.893 69.00 21.25
9 0 9 9 7 6 0
R18 30.47 2144 1360 1166 1122 26.16  -3.437 0.660 3.624 3.890 -6.410 47.64 15.32
2 8 2 0 4 7 0 9
BLX 2787 2150 16.38 1567 13.58 27.43 -0.178 4708 1.071 9.190 5477 56.74 2295
8 8 6 7 2 5 0 9
AS4 2990 14.61 11.66 11.05 9.160  32.81 0.275 2655 0.727 1574 2333 67.38 2433
8 2 3 4 2 5 2
3WF 2859 1844 1505 11.84 1529 2435 -2709 2046 6329 8.815 -2.842 6117 16.71
4 1 1 8 0 4 8 2
1TA 2790 16.86 14.04 12.31 12.86  26.55 2294 2111 0.736  4.841 3.096 50.78  23.17
5 9 8 3 8 0 3 7
COR 21.02 1656 1414 1439 9.349 32.60 3.193 3474 2968 5.761 2412 6158 24.24
8 3 3 6 0 2 8
LE8 23.46  12.81 19.37 2018 3743 4190 -0.612 7609 2675 1565 7.885 60.94 25.88
4 3 3 3 9 0 4 1 6 3
BUD | 2277 28.63 2248 18.69 28.86 39.79 2322 6.037 1827 1053 1122 61.41 29.80
4 4 6 7 5 6 8 5 2 4 5
FLP 30.04 1295 1852 17.78 52.01 47.98 2.615 8314 4299 1448 2567 48.88 22.21
2 2 1 8 3 2 8 2 5 3
CA4 13.56 1132 1739 17.83 22.07 35.91 2.670 3.885 23.70 1579 1.911 58.35  22.52
0 2 0 6 4 4 9 4 2 3
ETO 2354 3546 1286  13.11 3449 19.12 4297 -2.674 0545 -3.378 -3514 4795 17.59
9 9 2 2 8 6 8
GEO 2366 2395 1430 7129 2066 16.09 -2.753 -4.064 -5.119 -4481 -8372 37.64 11.01
7 3 5 5 0 8
MPO 26.09 2099 16.82 1477 34.09 29.72 6.253 1968 2510 6.118  1.491 58.69 23.24
4 5 6 3 7 1 4 3 9
NDR | 2728 19.21 1456 1264 14.41 3062 -0.290 4412 6.602 1338 -7.464 4119 1459
1 7 2 4 5 5 1 1 4
POM 2439 2075 1494 1203 12.64 31.88 4406 2572 15.31 1114 -4.662 50.61 16.50
8 3 7 2 2 0 4 4 5
STR 23.72 2413 1817 1260 16.13  26.72 3.207 -2.356 16.12 7.607  0.081 62.37 21.78
9 0 5 9 0 5 4 5 0
NDO 2582 2274 1567 9.768 1270 28.76 6.656 7805 19.39 1158 -8.632 47.07 15.14
4 1 2 0 4 3 4 4 9
MUZ | 26.21 1759 1434 1456 29.02 31.39 4.038 2420 23.93 8.654  3.281 61.74 2294
3 4 0 4 8 9 7 2 0
MOF | 2513  23.31 19.34 1396 9912 24.34 5177 2310 -3.281 1.758 0.657  52.03 18.65
4 8 9 0 8 8 0




Table S2: Solvent accessible surface area calculation of binding pocket residues. Ligands are
grouped by class (inactive, weak, moderate and high potency). Units are A2,

RES N719 M756 L763 R766 F778 F794 L797 1L887 (C891 T894 V903 F905 M909 1913

17A -065 -129 -101 -021 -120 -0.07 -133 -102 -130 -052 -009 -0.77 -0.84 -0.11
PDO -1652 154 -111 -0256 -123 -023 -105 -113 -129 -085 -031 -066 -0.78 -0.12
DEX -176 -116 -09 -0.17 -088 -011 -149 -103 -119 -098 -055 -1.03 -1.01 -0.18
ZK5 -168 -188 -099 -0.12 -151 -034 -093 -118 -143 -132 -033 -049 -066 -0.11
AND -0.15 -138 -1.00 -0.09 -090 -0.08 -08 -141 -108 -012 -006 -0.37 -066 -0.17
J3z -022 -124 -110 -0.09 -143 -005 -089 -127 -1.04 -006 -002 -023 -0.64 -0.12
PDN 226 -150 -079 -024 -104 -040 -046 -149 -15 -113 -033 -035 -067 -0.13

BLX 259 -137 -078 -007 -110 -042 -1.03 -155 -155 -096 -039 -060 -0.79 -0.09
TES -0.74 -152 -104 -035 -116 -0.14 -078 -080 -120 -0.73 -008 -032 -076 -0.27
3WF -1.33 -092 -110 -037 -147 -031 -072 -124 -148 -069 -021 -035 -064 -0.13
DHT -08 -136 -09 -009 -124 -013 -083 -095 -122 -081 -019 -038 -079 -0.20
AS4 -1.%9 171 -087 -020 -101 -015 -095 -113 -137 -116 -035 -0.68 -093 -0.30
EST -1.10 -086 -1.17 -040 -145 -017 -067 -117 -153 -050 -0.11 -022 -062 -0.16
BMO -205 -18 -090 -0.13 -113 -030 -1.07 -153 -164 -110 -026 -0.34 -0.70 -0.10
HCY -1.86 -144 -076 003 -08 -019 -1.04 -111 -146 -089 -037 -0.84 -089 -0.12
SNL -0.58 -201 -1% -015 -155 -132 -109 -165 -190 -126 -0.18 -0.37 -0.72 -0.15
R18 -1.14 124 -1.08 -081 -147 -009 -072 -092 -124 -062 -009 -024 -059 -0.21

LE8 -1.29 -1.05 -057 -0.01 -061 -080 -195 -082 -118 -128 -076 -150 -0.70 -0.30
COR -1.07 -160 -101 -025 -110 -0.10 -1.09 -114 -133 -146 -048 -058 -0.70 -0.18
1TA -1.84 -159 -097 -028 -105 -019 -120 -186 -134 -152 -038 -0.58 -0.72 -0.25
FLP -1.88 -131 -087 -0.11 -087 -028 -213 -087 -098 -147 -082 -123 -0.81 -0.58

ETO -041 -170 -112 -062 -168 -064 -041 -135 -147 -046 -0.13 -0.09 -0.66 -0.15
MUz -064 -124 -08 -008 -1.10 -045 -140 -101 -121 -062 -025 -1.03 -075 -0.15
GEO -1.01 -140 -105 -075 -172 -026 -070 -1.02 -192 -064 -017 -024 -058 -0.36
CA4 -215 -105 -080 -0.01 -091 -029 -203 -064 -106 -1.00 -0.71 -153 -0.99 -0.27
NDR -1.13 116 -101 -061 -162 -018 -092 -093 -131 -078 -011 -029 -067 -0.22
STR -1.17 134 -093 -022 -104 -012 -100 -089 -128 -0.71 -029 -0.77 -085 -0.15
MOF -1.04 -180 -1.14 -042 -162 -152 -158 -135 -155 -056 -0.24 -093 -0.79 -0.14
MPO -0.76 -119 -095 -005 -095 -003 -143 -093 -113 -081 -021 -097 -083 -0.14
NDO -145 -112 -102 -060 -155 -011 -095 -0.78 -140 -097 -0.18 -129 -087 -0.27
POM -042 -150 -097 -057 -129 -020 -068 -1.04 -157 -067 -025 -0.71 -0.69 -0.11

Table S3: Per-Residue decomposition of binding energies calculated using MM-PBSA. Ligand
binding pocket residues are considered in this analysis. Units are kcal/mol.



D-ring adjacent residues

S - 0.5 0.0 0.0

el 0.0 s -0.5 * -0.5

E : :

© * g - -

S| 00 - 0.5 E:j 1.0 Ellj$ 1.0 E‘,E EIE

= 04 qjqj -1.0 15 15

Sl 15 2.0 2.0

b

o (-08 2.0 25 25

w i w m h i w m h i w m h i w m h
1913 F794 L797 L887

3 05 .

S * - 0.0

% 0.0 1.0 g

& e -1.0

3 05 E?EF 15 %l':—]% $ E%

-1.0

S 15 20 =0

o ' 25 -3.0

w i w m h i w m h i w m h
V903 F905 C891 N719

—~|-0.2 0.5

g -0.4 0.0

= |-06 -0.5 *

= .

L |08 EF$EP$ 1.0 l;;éﬂ #

> |-1.0 1.5 ==

g -1.2 2.0

c i w m h i w m h

L
M909 T894

A-ring adjacent residues

° 0.5 0.0

E| % * 05 L

| 0.0 = -1.0 ¢| -0.5

£l *EF Q 15 E'ﬁ Q$ e “L’? e 1.0 Ejéjé

3l-08 2.0 -1.5 15

Q42 25 2.0 2.0

1] i w m h i w m h i w m h i w m h
R766 M756 L763 F778

Figure S4. Per-residue decomposition of binding energies calculated by MM-PBSA. Ligand
binding pocket residues are considered in this analysis. Values are compared by ligand class
and two-tailed unpaired t-tests are used to determine whether energy contributions are
significantly lower (black *) or higher (red *) in a given class compared to all other ligands.
(significance * is defined as p < 0.05).
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Figure S5. Solvent accessible surface area calculation of binding pocket residues. Ligands are
grouped by class (inactive, weak, moderate and high potency). Ligand binding pocket residues
are considered in this analysis. Values are compared by ligand class and two-tailed unpaired t-
tests are used to determine whether residues in a given class are more exposed (black *) or less
exposed (red *) compared to all other ligands. (significance * is defined as p < 0.05).



Significant class 1

Significant class 2

Acceptor Donor Ligand class  Direction of Avg Ligand class  Direction of Avg
residue  atom residue atom (potency) significance  occupancy (potency) significance  occupancy

E904 0 N719 ND2 weak high 0.51 moderate low 0.18
L901 (0] S712 0G weak high 0.36 moderate low 0.14
Y777 0 R766 NE high high 0.144
D709 oD1 R788 NE moderate high 0.15
L827 (0] R845 NH1 weak high 0.11 high low 0.0135
G773 (0] W802 NE1 weak high 0.38
S793 0G Y890 OH weak high 0.17
1929 (0] R845 NH2 weak low 0.217

Table S4. Hydrogen bonds with significant differences in occupancies for individual ligand
classes. Eight unique hydrogen bonds were observed in this category. The highest two
occupancies were hydrogen bonds between H3 and L11/12. Both had significantly higher
occupancy in weak agonists and significantly lower occupancy in moderate potency agonists.
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Figure S6: Comparison of the fold activation response of PR-LBD and Mutants at 1 uM ligand
concentration. Residue positions defined with respect to LBD only: F97A (Phe778Ala), T213A
(Thr894Ala), M75A (Met756Ala), L34A (Leu715Ala), L34S (Leu34Ser), L37A (Leu718A), L37S

(Leu718Ser), M75A (Met756Ala), M228A (Met909Ala).
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Figure S7: Comparison of the fold activation response of PR-LBD and Mutants at 10 uM ligand
concentration. Residue positions are the same as in Figure S7.
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Figure S8. Root mean square deviation (RMSD) plots of all PR complexes. Simulations were
performed in triplicate. Each graph represents 3 500-ns segments.



