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Emil Fischer (1894): Lock-and-Key Analogon

Emil Fischer (1838-1914)
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Endocrine disruptors
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CYP1A2 ohers  Metabolic Contributions

CYP 2C9, 10% @ CYP 3A4

B CYP 2D6
B CYP 2C9
B CYP 1A2
W others

Source: Camitro
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Interference with the hERG K* channel
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Computer simulations of receptor-mediated toxic phenomena

www.brooklyn.cuny.edu
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Mixed-model approach: automated, flexible docking + mQSAR

Automated, flexible docking (software Yeti)

Sampling
J. Med. Chem. 2005, 48, 3700-3703 , i .
ChemMedChem 2006, 1, 73-81 Sampling low-energy poses — 4D data set
ChemMedChem 2007, 2, 78-87 )
Toxicol. Lett. 2007, 173, 17-23 Quantifying the binding affinity using
ChemMedChem 2009, 4, 100—-109 MQSAR (software Quasar, Raptor)

Toxicol. Lett. 2009, 189, 219-224
ATLA 2009, 37, 477-496
Mol. Inf. 2010, 1, 27-36

Angelo Vedani, Department of Pharmaceutical Sciences, University of Basel
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Automated, flexible docking using a directional force field

Etotal = > Ki(r- req)2 + Kg (6 - 9eq)2 +

bonds angles
N qi - q; A B
Yn 1 -] + + i
dihedrals nb pairs nb pairs 1 1)
C D
+ E ( 12 — 10 ) * | rmr] * COS (17 1: 1 D)

H-bonds rH_ Acc rH— Acc
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Quantifying ligand—protein interactions

immobilization (translation, rotation, conformation)
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induced fit
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4D-QSAR

Coumestrokbinding to ERa:: four binding modes (top/viéw)
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Induced Fit — Adaptation of the protein to the small-molecule ligand




;Vr\', — 3. Wadenswiler Chemie-Tag 16. Juni 2011

VirtualToxLab™ — |n silico prediction of the toxic potential of drugs and chemicals

Multi-dimensional QSAR (mMQSAR: software Quasar and Raptor)




;vr\', — 3. Wadenswiler Chemie-Tag 16. Juni 2011

VirtualToxLab™ — In silico prediction of the toxic potential of drugs and chemicals

Consensus scoring: software Quasar and Raptor

Quasar » ‘ outer shell

6D-QSAR inner shell
A Gbinding * Eprot—lig_ Esolv,lig_ Eint,lig_ TAS — EIndFit A Gbinding * Eprot—lig_ TAS - EIndFit
T = Sy oo = 2 ST Eprotoiig = Ergond * Enydrophobic (Shell; + shelly)
J. Med. Chem. 2002, 45, 2139-2149 J. Med. Chem. 2004, 47, 6174—6186

J. Med. Chem. 2005, 48, 3700-3703

Angelo Vedani, Department of Pharmaceutical Sciences, University of Basel
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MmQSAR models for nuclear receptors: AR, ERof, GR, LXR, MR, PPARY, TRaf

pI&(Bred)

4 S 6 7
Ave. q2: 0.895, r2: 0.949, p2: 0.892 Number of models = 200
RMS(Trai): 2.0in K RMS(Test): 2.7 in K
Max(Trai): 8.6 in K Max(Test): 9.5inK

10pKiexp)
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MQSAR model for the Aryl hydrocarbon receptor

ng(pred)

4 S 6 9 pKiexp)
Ave. q2: 0.810, r2: 0.903, p2: 0.797 Number of models = 250
RMS(Trai): 1.9in K RMS(Test): 2.0 in K
Max(Trai): 17.6 in K Max(Test): 12.3 in K
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MQSAR model for the hERG K* channel

pl&(gred)

6 7
Ave. q2: 0.880, r2: 0.889, p2: 0.685 Number of models = 100
RMS(Trai): 1.4in K RMS(Test): 3.9 in K

Max(Trai): 21.4 in K Max(Test): 12.4 in K

8 10pK(exp)
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MQSAR models for metabolizing enzymes: CYP1A2, CYP2A13, CYP2C9, CYP2D6, CYP3A4

1

! { s < 5\
S N > y ",/ . pl%(pred)

2 5 6 8 pKlexp)
Ave. g2: 0.811, r2: 0.815, p2: 0.711 Number of models = 200
RMS(Trai): 1.2 in K RMS(Test): 2.4 in K
Max(Trai): 5.0in K Max(Test): 8.5inK
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Using a mQSAR model for predictive purposes (example: ERa)

pliﬁgred)
1/
7
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‘‘‘‘‘ 5 : : -
~~~~~~~ palte e 7 //’,
0 ool 18]
8 //. /"/,/”
Finasteride e 4 ?;/‘ 1,2,3,4,7,8-
i e /f; 4,750 Hexachlorodibenzofuran

6 1pK(exp)
Ave. q2: 0.895, r2: 0.949, p2: 0.892 Number of models = 200
RMS(Trai): 2.0in K RMS{Test): 2.7 in K
Max(Trai): 8.6 in K Max(Test): 9.5in K
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Summary: Virtual Test Kits

Protein training + test = q P’ max. test Reference

total compounds
Receptors
Androgen 88 +26= 114 0.858 0.792 13.9 J. Med. Chem. 2005b
Aryl hydrocarbon 105 +35= 140 0.824 0.769 13.5  Pharmacol. Toxicol. 2006
Estrogen a 80 +26= 106 0.895 0.892 9.5 J Med. Chem. 2005a
Estrogen f3 72 +24= 96 0.802 0.699 13.4 ALTEX 2009
Glucocorticoid 88 +22= 110 0.702 0.719 4.9 ChemMedChem 2009
hERG 38+12= 50 0.935 0.754 4.9 ATLA 2009
Liver X 40+12= 52  0.763 0.697 3.3 Mol Inf. 2010
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VirtualToxLab™
Data exchange
ol - F praticol Weighted Toxic Potential
pe|  * Individual affinity
* Predicition e.sd.
Example: 23,47 8—penta- » Model quality
chlorodibenzofuran o
Androgen receptor > 4 \
Estrogen receptor c/f} Low High
Thyroid receptor o} " ¥
[
Glucocorticoid receptor
Mineralocorticoid receptor
Aryl hydrocarbon receptor v X
Peroxisome proliferator—
activated receptor v
CYP 1A2/2A13/2C9/2D6/3A4 Vv X
Liver X receptor
hERG
/ W/ ><

© 2010 Biographics Laboratory 3R, Basel/Switzerland

Angelo Vedani, Department of Pharmaceutical Sciences, University of Basel
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VTL User Interface/Viewer VTLBuilder VirtualToxLab 3.8
sshucturadnpul (FEBTormal Generation of 3D compound structures
* Results & visual feedback
Data exchange via SSH protocol
VTL Cluster (Linux) Structure Analysis
) ‘-)ysten:r « Structure-consistency check
lspatc' er * Protonation & tautomeric state: Epik*
« Communicator

l

Structure Optimization & Conformational
Search (in aqueous solution)

OPLS force field: MacroModel *

Estimation of the
toxic potential l

ToxPot

Atomic Partial Charges
and Solvation Energies

CM1/SM2: AMSOL™

Multi-dimensional QSAR: 16 target proteins l
(AR, AhR, 1A2, 2A13, 2C9, 2D6, 3A4, hERG,

ERa/li SR, LA MR- FPARE TRa/b) Automated docking: 16 target proteins
+ Simulation of induced fit (AR, AhR, 1A2, 2A13, 2C9, 2D6, 3A4, hERG,
* Quantification of ligand-receptor interactions ERa/B, GR, LXR, MR, PPARY, TRa/f3)
« Determination of desolvation energy. TAS, internal strain Flexi . pA:
« Flexible prealignment: Alignator

* Calculation of binding affinity . : e
Software Quasar (6D-QSAR) Automated, flexible docking: Cheetah

A

© 2010 Biographics Laboratory 3R, Basel/Switzerland * Schrédinger Inc., ** University of Minnesota
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‘806 ab Interface

— ' Login - VirtwalToxLab Manager | Settings  Help & 3 —

I
} Molocule 9OQRQ —— — — ————————————————
| Nolecule Androgen Aryl hydrocarbon  CYPASO 1A2  CYPASOZAL3  CYPASO2CS | CYPASO2DE CYP4SO3A4  hERG  Estrogenalpha Estrogenbeta Glucocorticon UverX Mineralocorticoid FPAR gamma  Thyroid aipha | Thyroid beta
| Dibenzo{ahjanthracene 2.99 uM 8.57 iM <230pM notbinding (F) 45.9pM  40.6PM  2.18pM  7.17pM 450 nM 151 M 142 M 107 nM SS6AM ot binding () > 36,0 uM 1090
| Diethyistilbestrol 17.1pM > 1,00 mM 450 uM 247 uM 109uyM > 190pM  S39nM  126pM  938nM  _3ALnAL_ > 2.50uM  not binding iF) 179 oM not binding (F) > 36.0 M 234 M
| 176-Estradiol 9590M | > 100mM  <230uM  65.6uM  627pM  >190uM  192uM  17.0pM  53.00M=< 2.020M ) 223uM 563 nM 253 M >2.00pM  notbinding (@ 7.21 uM
| Estriol 123uM > 1.00mM < 2.30 uM 101 uM 192uM > 190uM  SBBUM 362 yM--ZIS7M  <I0BM 1.79 uM > 3.30 uM 20.80M  notbinding (F) > 36,0 yM > 12,0 uM
Ethinylestradiol 2.00pM > 1.00mM  notbinding () 466 M >200pM > 190uM 263 pM--1I5pRT S0.50M 685 pM 9.46 nM > 3.30 pM 24.30M 160 uM  not binding () > 12.0 uM

} Finasteride 303 > 1.00mM  not binding (F) not binding iF) 167 uM > 190 uM -~ TLZ uM~ " 2.35 uM 242 ™M 895 pM 12.7nM 886 oM 27.6 1M not binding (F) not binding (F) 11.1 M
| (R}-Fluoxetin 3570M  <3.20 M 115 mM 47SUM 425 M- TTE2 M-~ T7200M  239nM  9.62uM 7.95 uM 10.4 nM > 3.30 yM 693 nM >2.00 M not binding () > 12.0 yM
| (5)-Fluoxetin 1.78 pM 940 M <230pM 767 UM _~-I73PM _-ATS UM A210M  629nM 549 uM 891 M >330uM 264 nM >2.00pM  notbinding () not binding (QL,
} Fluticasone 95.1 uM > 1.00mM  not binding (F} settding (7 RSN ) >190pM  290pM 270 M 17.4 yMm 19.6 uM > 330 uM 165 M not binding (F not binding () > 12.0pM 4
| Genistein 110puM > 1.00 mM not bigdingl¥)  62.3 M > 190uM 81 10.1 M 140 uM 32.5 M >3.30 uM > 700 nM___ not binding (F)_not binding (Q) 71_.,21"uM Y
| — - — B—— — — “«»
| ST
| € ) o : (ooeweny ) ((_soppb ) ([ Rewesn )
| T . :
listoemae o e R ISEaanIn R taanaan ar o =
[ Salect target peoten(s | : Protseation state
| 8 \
|
| Acrogen ™ cvpisoach @ Estogen spra Moerakcoricod
| f @ aucenatic (pH 7.4)
| W Ayt Hysrocarbon ™ cyraso204 ™ Estrogen beta ™ ePAR gamma © user deiines
| ||
| ! 3
‘ W cypaso-1az v cmsoau: # Gucoconcon W Thyrou agea 3 B
|| @ cymsozan 7 HERG K+ channel # Lverx @ Thyrodbeta © snawa
| ] O dondie
| ! =
| 7 T — = = == == = =
1 [ VTLBulder ) Structure fle: »IUi'ers/Boognflvmua!ToxLabI(‘.emslem,pdb = Submit
| i i
| 1 il - —

1 1

| |

i W S| i - i i A X s
Launch 3D model builder Download 3D structure of ligand—protein complex View binding mode in real-time 3D
896 VT
File Tools Duplay Melp

Inspect computed toxic potential I oo

Inn e Rprihics 1.8, A 26 V0

Weighted Toxic Potential

Molecule Number of targets  Weighted Toxic Potential WTP Class Main target Launch time

Dibenzo{ah]anthracene 16 0.814 AhR 8 Dec 10 15:42:22 =~
Diethyistilbestrol 16 0.775 ERa 8 Dec 10 15:42:29
17B~Estradiol 16 0.769 iy ERD 8§ Dec 10 15:42:35
Estriol 16 0.545 . ERa 8 Dec 10 15:42:46 m
Ethinylestradiol 16 0.825 ERb 8 Dec 10 15:42:52
finasteride 16 0.738 ERD 8 Dec 10 15:45:52
{R)~Fluoxetin 16 0518 » GR 8 Dec 10 15:46:00
(S)-Fluoxetin 16 0.463 o GR 8 Dec 10 15:46:07 |
Fluticasone 16 0.485 * GR 8 Dec 10 15:46:14 4
Genistein 0.565 8§ Dec 10 15:46:20 v

) Descending ) Ascending (Exporttofie ) ( Close )
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Toxic Potential

4
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- Dibcnzciaﬁ']aﬁth'r‘ac’cn?
- Diethylstilbestrol. 2-CF,-3.7 8-trichlorodibenzo-p-dioxin
- Budesonide. 17p-Estradiol. Hexachlorodibenzofuran. Mibefradil
- Astemizole, Benzo[a]pyrene. Raloxifene. TCDD
- Benzo[a]anthracene. Chrysene, Clostebol, Finasteride. Harmine
- Gestrinone, Perylene. Progesterone. Simvastatin. Strychnine
- Cafestol, Cocaine. Genistein, Levonorgestrel. Terfenadine, THG
- Donepezil, Norethynodrel, Resveratrol, Tegaserod
- Cisapride. Fluoxetine, Galaxolide
- Ambrox. Bromethalin, Clomipramine, Cortisol, Danazol

-——

-
--v-v-v-v-v-’\Bisphenol A\.ﬁuformin. Methylparabene, Mifepristone, Tetracycline
-

-

- E100, 4-MBC, Rofecoxib. Thalidomide. Vitamin D,

- Adrenaline, Grepafloxacin

- Benzophenone. E121. Sildenafil. THC. Vitamin A

- Alosetron, Cyclamate, Lorazepam, Nicotine

- Benzylpenicillin, Candesartan, Clopiodogel. Irbesartan

- Caffeine, Citronellol, Menthol. Olanzapine. Vitamin C

b Ethanol, Limonene
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Atomistic interpretation of the results |

Tetrahydrogestrinone — Androgen receptor

Dibenzo[ah]anthracene — Aryl hydrocarbon receptor
- ‘ /" Asn 37 U -é-\ S

B

7@ :
] Q’ Met 65 4
[

2* \
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Tetrahydrogestrinone — ,,The Clear**

I
(@)

Tetrahydrogestrinone

From Wikiedia. the fres encyclopedia

Tetrahydrogestrinone {oflen refermad 1o as THG or The Clear} s an anabolic steroid developed by Painck Amold ' 1 has aftinky to the Tetrahydrogestrinone :‘ O
n raceptor and the progestercna raceptar, but not 10 the estrogen raceptor. ™ The dnug hes been considared a dasignar drug, closely Sy <
related 1o the banned anabolc sterokis gestanona and trenboione. ! and was banned by the Food and Drug Aaminitration (FDA) at the end ~ —
ot 200G, AN nansd P
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& Retararces i THE WORLD'S MOBT VISITED ANABOLIC WEBSITE
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Pharmacology [edil) | cnemepider 20581258 R T otact 1 Heri | Bucbeling Su
—— sl By by s PP iU S . « gutgines
Structure-activity relationship studies report that the patency of the dnug is custending, surpassing, on a miligram par milligram basis e “ B Starcids - Tastasturens trfo 3
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avary lnown synthesized or commerclal avallable anabolic sterold at the time af its development. It iz a Hghly potent aganist for the i Legal Sterots y Next Day Sh | pp'ng
ass 31 SO
androgan and progesterona receptors, ¥l around 10 times mare potent than the comparison drugs nandrolcne or tranbaions, but with no Mol mass. 81246 gimdl Sterakd Proties 450
astioganic activity. It has baen found to bind 10 the androgen recaptor with similar affinity to dihydrotestosterone and producas gronth of Sypsay ::::m‘*w"m”'“a' ™ Y 0 N LY $ 7 99*
rruscle tissue | Accordng to Patrick Amolg. dus the drug's patency. he never nad 10 supoly Significant cuaniities 10 BALCU, because - Womea end Steroly PPLEMENTS COM PITUITARY
“just & couple O drops under the tongue® were 3 sullicent dose. '-"“' O e Steroid Black Market Prices GROWTH
Pregancy 1 - Sterold ERectivaness Chart HORMONE
Method of action - R Steroid.com Presents The Anabolic Network v

Lognl status Screcun | (k5 Starold Hal-Uty
\When THG reaches the nucleus of  cell, % binds 10 the androgen receplor ol Lhe ligand-binding pocket. Mere it changes the expressicn ol @ | Routes  Qrd, Wiramuscslse Steroid Betaction Timms D-MNASOL 23
variety of gense. lurming on 2everal anatolc and androgenic functions. Steroid Tnjection Tnfo

1t is the ligand's structure which determines the number of Interactions that can take place with the human androgen receptor Iigand-tinding domain. Even mner modifications in the
ligand's slructure have a great impsct on the strength of 1he interactions this 1gand has with he ardrogen receplor. THG, possessing & high allinily, establishes more van der Waals
cunlacts with the receglon than with mary other sleroids. (L is this higher aflinity and specific gecmelry of THE which makes thass inleactions with the Andiogen Recepior s sliong.
resulting in THG'e polency.

Stecol

Stervid Lams,

Amaboks Workouts
History of Stereids

- Sterolds in Basabal & Sports
Sterold Abuse
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Side effects from prolonged use are I‘dy 10 Include infertility in both men and wemen, z§>cl as other steroid side effects such as acne and hirs 18l Unlike maost ather anabolic
steroids, THG also binds with high atfinilyo & o eGrticoid receptor, nd waile Wt cllect may cause additional weight 0ss, il is also likely 1o cause extra side effects such as
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Atomistic interpretation of the results Il

Diethylstilbestrol — Estrogen receptor a Resveratrol — Estrogen receptor a

A SR
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Atomistic interpretation of the results lli

(S)-Thalidomid(sedative) — Estrogen receptor Contergan tragedy: Federal Republic Germany (1961)
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Atomistic interpretation of the results IV

Dehydrochloromethyltestosterone — Androgen receptor ,Side effects” of Oral-Turinabol (doping agent in the DDR):

AN
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Limitation: false-negative predictions
Ochratoxin A

Example: Ochratoxin A (mycotoxin, carcinogenic
in mice), world-wide problem

ToxPot = 0.228 — does not bind to any of the
16 target proteins
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Limitation: false-positive predictions

Resveratrol

Reasons: compound is not bioavailable
complex is thermodynamically favorable but
kinetically unstable

. Resveratrol OH:--O GIu305 Resveratrol OH:--S Met479
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Limitation: size, protonation state, metabolites

th 15~

Too small: MW < 100: Sampling not exhaustive with the
larger target proteins (e.g. hERG, 3A4)
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Bisphenol A (plasticizer)

HCq &M

HO / / OH

AR: 48.8 uM
AhR: not binding
ERa: 47.4 uM
ERB: 177 nM
GR: >2.5 uM
LXR: >3.3 uM
MR: >700 nM
PPARYy: >2.0 uM
TRa: not binding
TRB: > 12uM

Affinity profiling
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Toxic potential:

Benzo[alanthracene =
Benzo[a]pyrene = 0.690
Methylbenzylidene camphor = 0.393

Bisphenol A = 0.459

Bibenzo[ah]anthracene = 0.778
Dibenzoxazinylnaphtalene = 0.721
Dipiperazinylbenzamidol = 0.732

Galaxolide = 0.509

Hexachlorodibenzofuran = 0.734

TCDD = 0.740

Screening of environmental chemicals

tx

/

A“ /:..:v_:.?. =it

0.665

1




zh __ 3. Wadenswiler Chemie-Tag 16. Juni 2011

VirtualToxLab™ — In silico prediction of the toxic potential of drugs and chemicals

Performance and Availability

Small, rigid compound Medium size/flexible compound Large, flexible compound

o it A
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Summary

« Simulation and quantification of small-molecule binding to 16 target proteins: AR, AhR , CYP 1A2,
CYP2A13, CYP2C9, CYP2D6 CYP3A4, ERa, ERp, GR, hERG, LXR, MR, PPARy, TRa, TRp

» Mixed-model approach: automated, flexible docking + mQSAR (induced fit, solvation, entropy)
* Toxic potential + individual binding affinites

* 3D structure of ligand—protein complex; real-time visualization

» 20+ publications (J.Med.Chem, ChemMedChem, Mol.Inf.,Tox.Let., ALTEX, ATLA, Pharmacol. Toxicol.




