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- Why Metabolomics / Metabolic Profiling ?

We create chemistry

Mostly unknown

DNA
40,000 genes

RNA
150,000 transcripts

Genomics

Transcriptomics

Proteins
1,000,000 proteins

Metabolites
2,500 metabolites

Proteomics

Metabolomics

Mostly known ~ Advantage
Single matrix (blood)

Closer to classical toxicology



The Use of MetaMap®Tox
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MetaMap®Tox

Metabolite

Tryptophan

Arginine

Tyrosine

Thyroxine (T4)

Linolenic acid (C18:cis[9,1...

alpha-Tocopherol

Lignoceric acid (C24.0)

Campesterol

Tricosanoic acid (C23:0)

Phytosphingosine

14-Methyl-Pentadecanoic aci...

17-Methyloctadecanoic acid

Eicosatrienoic acid (C20:3)...

O-Methylsphingosine Nol (pl...

O-Methylsphingosine No2 (pl...

erythro-Sphingosine

Cholesterol

5-Oxoproline

Citrate

Glutamate

Creatinine

Sphingomyelin No 01 (putative)

Sphingomyelin (d18:1, C16:0...

SAMPLE

REFERENCE
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Total Metabolome
Signature (9000
analyte signals)

300 Known Metabolites



-L:u MetaMap®Tox: Reference Data Base

We create chemistry

IN-VIVO SAMPLING

|
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= Crl:Wi(Han) Rats

= controls,
two dose groups

= male, female
m 4 weeks studies

= Plasmasampling
d7,d14, d28

ASSESSMENT

DECISION

= > 500 reference compounds

= Ca. 800 compounds tested

= > 120 specific metabolite

patterns

O

O OO 0O 0O O

Liver
Kidney
Adrenals
Thyroid
Testes
Ovaries
CNS

O O O 0O 0O O

Endocrine modulation

Duodenum

Nervous system

Blood
Bone
Eye

39%

2%

[ Chemicals
B Pharmaceuticals
I Nutritionals

[JAgrochemicals

DZO%

39%



MetaMap®Tox:

Eclgﬁmsmﬁ Reproducibility and Robustness

Technical and biological variation of rat plasma samples 2004 to 2012

= > 5000 biological : wors
g 35% - E’Ef““ } ‘\ : Conuacl\,:tyudy

control samples

5 ' A

30% - :

25% - E ‘{ ] E J—
3 [kt
— 20% - | hil { |;:
é MR [ ".t Avg. 19%
g Wy R NIE Avg. 18%
[a] 15
a i
(%2}
(o

t Avg 11%

i

® High accuracy TIME
mean technical variation 1% Vartech < Varbiol

" mean biological variation ~18% (m & f comparable)
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s Thyroid: Direct Effect: ETU & PTU

We create chemistry

‘2 MetaMap-TOX - Microsoft Internet Explorer

Datei  Bearbeiten  Ansicht  Faworiten  Extras 7 '?,"'
Quos - © (A B Powm frroom @ -5 #-J@E 3
Adresse @J V‘Wedasehzu Links ** @'
' I Ethylenethiourea 6-Propyl-2-thiouracil ' =
(MOA58) (M0A24)

Select Direction Method |Grade|Metabolite MET_CHEM ID| mh7 | mhi4 | mh28 | mh7 | mhis | mh2s |

O |w  ~|iClpid S  Metabolite 1 18000217 17 38 W8 104 127 1.12

O [down ¥|LClipid S@  Metabolite 2 18000285 10 073 035 146 045 054

O [down ¥|LClipid SQ  Metabolite 3 19000288 101 059 033 153 044 046

O [down ¥|LC polar SQ  Metabolite 4 18000293 108 08 074 10 081 0.77

O [down ¥|LC polar SQ  Metabolite 5 18000309 026 028 071 | 007 007 0.08

O (v ~|ccipd Sa  Metabolite 6 Go0001E 269 252 36 B mME 1

O |up ¥|GClipid SQ Metabolite 7 28000019 197 161 228 13 1.0 1.01

O |[w ~|GClipid SQ  |etabolite 8 26000052 204 186 198 1.29 1.22 1.2

O [w  ¥|6Clipid SO Metabolite 9 8000053 167 W8 W@ 10¢ M9 WS

O [w  ~|GClpid S@  Metabolite 10 20000152 PO A BOA 107 101 (M

O |up ¥|GClipid 3@  Netabolite 11 28000159 207 161 235 1.03 1.02 121

[ |down ¥|GC lipid S@  Metabolite 12 28000478 073 084 077 085 051 05

O [w  ~lcclipid SO Metabolite 13 28000482 387 209 301 10 {45 147

O [w  ~|6Cipid NM  petabolite 14 26000489 297 228 §24 152 M 188

O [w  ~|6Cipid NM  petabolite 15 26000491 22 M4 P03 84 @28 0%

O (w  v|6Clpid NM  etabolite 16 6000404 275 B9 276 05 0@ 19

O (w  v|6Clpid SO Metabolite 17 28000495 28 224 208 146 W= 14

O [w  ~lcClipid SO Metabolite 18 2000503 248 98 28 1 @A iWE

O [w_~cClpid SO petabolite 19 ;000504 052 207 25 @M@ 103 fMB

] |d0Wﬂ "|GC polarSQ  Metabolite 20 38000012 093 079 064 0.89 074 0.64

O |UP "|GC polarSQ  |etabolite 21 38000160 A7 12 1.04 1.03 117 1.21

O |down v|GC polarSQ  petabolite 22 38000393 115 067 054 089 088 069 v
< | >
&] @ Trusted sites

12.04.2016



BASE Thyroid: Direct Effect
Wny Found: Methimazole & Metiram

Datei Bearbeiten Ansicht Favoriten Extras 7

2 MetaMap-TOX - Microsoft Internet Explorer L @
T
n

Quos- © (A @ G P orone @3- % 3 - @K 3

Adresse Q‘] v: g Wechseinzu  Links ¥ @~
Ethylenethiourea 6-Propyl-2-thiouracil Methimazole Metiram »
(MOAS58) (MOA24) (MOA51) (MOA20)
Select Direction Method |Grade|Metabolite MET_CHEM_ID| mh7 | mhi4 | mh28 | mh7 | mhi4 | mh28 I mh?l mh14 | mh28 |m[‘|?|ml11al|lul128|
O [w_¥|LClipid SQ  Netabolite 1 18000217 174 i85 1.5 104 | 127 2 226 965 204 9 0 [
O |[down ¥|LC lipid SQ Metaholite 2 18000285 1.0 0.73 0.35 1.46 0.45 0.54 033 082 024 024 M@ B
[0 |down ¥|LClipid SQ  |etabolite 3 18000288 101 059 033 1.53 0.44 046 048 082 024 024 (B [@
[ |down ¥|LC polar SQ  |jetabolite 4 18000293 103 08 074 1.0 0.81 D77 077 053 046 077 B @@
O |down ¥|LC polar SQ  jetabolite 5 18000308 028 028 0.71 0.07 0.07 008 012 005 o002 049 [ [
O luw_ ¥ GClipid SO Metabolite 6 20000016 268 262 326 M8 AME 10« 6 266 28 W6 (B M
O [w ~|GClipid 8@  Netabolite 7 28000019 #87 fB1 228 18 1.0 101 WEE S8 S M2 MR MR
O |wp  ¥|GClipid SQ  |etabolite 8 28000052 204 156 198 1.29 1.22 2 262 28 266 s B M
O |w  ¥|GClipid SQ  jetabolite 9 28000053 167 @8 W8 104 Ag iS4 % 16 6 Mos [ [0
O [uw  ~¥/GClipid SQ  pletabolite 10 28000152 2004 174 204 1.07 1.01 imd 202 508 5o W88 MR MR
O [w__¥|GClipid SO  petabolite 11 28000159 20F 61 235 1.03 1.02 = 25 g0 28 e I m
O [down ¥|GC lipid 3Q  |jetabolite 12 28000478 073 084 077 0.85 061 05 121 073 047 085 (B M
O lw__ ¥GClipid SO etabolite 13 28000452 387 208 2 §0d 10 M5 M7 288 2 22 3 B M
O (v ¥|GClipid NM  petabolite 14 28000489 277 228 324 182 144 88 347 385 48 17 [ M
O luw  ¥|GClipid NM  petabolite 15 28000491 243 {84 208 0 4 128 6 502 98 48 16 [0 M
O [w_ ¥|GClipid NM  pataholite 16 28000494 2075 253 276 s 139 el 557 W5 B8 M@ 0
O [w__ ¥|eClipid SO etapolite 17 6000405 28 224 208 MM MR W 2% M dW e @ M
O [w_ ¥|cClipid SO petapolite 18 6000503 249 98 28 1 WS4 WME  WEE 283 W65 M8 @ [
O [uw  ¥IGClipid SQ  patabolite 19 28000504 162 207 28 13 1.03 NE M2 22 235 il MR [0
O [down ¥|GC palarSQ  iatabolite 20 38000012 093 079  0B4 0.89 074 064 069 063 073 083 [@ [
O [uw_ ¥|GCpolarSQ patabolite 21 38000160 A7 12 1.04 1.03 117 121 S Es 28 o8 I M
O [down ¥|GC polarSQ pratabolite 22 38000393 115 067 0.54 0.89 088 069 074 047 048 052 (B B <
. ; | — .
€] Fertig @ Trusted sites

12.04.2016



Thyroid direct: L-Thyroxine
0-BASF
oo Inverse pattern

=2 MetaMap-TOX - Microsoft Internet Explorer

Datel Bearbeiten Ansicht Favoriten Extras 7 o
Qu - @ [x] B @D Psoren Joroworen @ (2-4z - [ @K B
Adresseﬁ v.wa:hsehzu Links ** @'
elect None ~

Ethylenethiourea 6-Propyl-2-thiouracil Methimazole Metiram L-thyroxine

(MOA58) (MOA24) (MOAS51) (MOA20) (MOA9)

ition Method |Grade|Metabolite MET_CHEM_ID| mh7 I mhi4 I mh28 | mh7 I mhi4 | mh2§ | mh7 | mh14 | mh28 Imll?lmll14|mI128| ||1I1?||||I11al|ml|28|
"|LC lipid SQ Metabolite 1 18000217 174 135 1.5 1.04 1.27 1.12 226 965 2D 11 P M@ 073 088 093
v/ Lc lipid SQ Metabolite 2 18000285 10 073 035 146 = 045 054 038 082 024 024 [ B 106 BE§ 133
~|Lc lipid SQ Metabolite 3 18000288 101 059 033 153 0.44 046 048 089 024 024 @ [B o056 B  1.09
b | LC polar SQ Metabolite 4 18000293 105 08 0.74 1.0 0.81 077 077 053 046 077 @8 09 | 1.21 | 07 |
_V||_c polar SQ i olite 5 18000309 028 023 0.71 0.07 0.07 008 012 005 002 049 (B (B 52 362 996 |
| Ge lipid sQ Metabolite 6 28000018 2558 252 2326 1.18 1.18 114 g6 2868 P2HE 158 [ 1.01| 085 | 0.75 ||
_V|GC lipid Q@ Metabolite 7 28000019 197 161 228 1.3 1.0 1.01 69 WSS ({56 %7 M2 [@ o098 067 092 |
~v|Ge lipid sQ Vetabolie 8 28000052 2004 156 2 Me8 128 122 2 292 782 0HE 145 [ QB o078 083 09
vlocipid sQ o o00re 6000053 W7 W@ W8 1o W8 WA 143 W6 i4E 108 (O 121 083 091
V|GC lipid SQ Melabolfte ° 28000152 204 174 204 1.07 1.01 4y 202 505 8901 s 0@ M o095 o081 102
| Ge lipid sQ Membolfte 10 28000159 207 161 2 238 1.03 1.02 M 258 0 B s M 087 066 089 |
¥ G¢ lipid SQ Mmabm!te i 28000478 0.73 0.84 077 085 061 05 121 073 047 086 @@ M@ 11 083 108 '
| Ge lipid sQ Melabolfte L1 28000482 387 208 301 1.0 1.45 4z 288 32 22 18 @ 10 086 108
“v|GCiipig nv Metabolite 13 28000480 D7 D98 524 W52 M4 0 e M7 585 455 U@ M0 OB o079 055 081
8 oc lipid v | Metabolite 14 28000491 OM3 W84 P08 0 W84 1% B g% 55 | . | 079 053 091
voCipig Ny Metabolite 15 6000434 DS DE9  2WE W5 WG9 W91 35 Wi5 54 W8 D 079 045 082 |
vl| ¢ iipig s@ | Metabolite 16 20000495 2§ P24 P08 4B 1S2 7 292 37 547 M [ o079 058 062 |
¥ e lipia so  Metabolite 17 26000503 249 199 25 127 s 6 186 288 185 128 [0 DE7 058 054 |
v|Gclipia s@  Metabolite 18 28000504 52 207 98 % 03 e WS M2 225 MM I [P o085 066 083 |
' ¥|GC polarsq@  Metabolite 19 39000012 093 079 084 089 074 064 069 069 073 088 [0 WoE W2 Al |
~|6C polarsa  Metabolite 20 3000160 MW M2 1o0¢ 103 MR W1 MR MM P2 @ R @ o099 o1 @@ |
h v|r.-r~ e =T Metabolite 21 2WONNR0T 1 A5 ney nEA naa n oo nea A74  NA7 nag ney MA  MA 1o B8 10 | bt
.;—J—Metabome 22 S 2

12.04.2016



i Pattern Creation

B Need at least 4 compounds sharing a MoA

B Determine common metabolites with 3 compounds, separated
by sex, for at least two time points

B Pattern must find 4th compound (90% of metabolites correct)

B Pattern must be selective at 80% (should not find compounds
that do not have the MoA)

B Validation: If more same MoA compounds are available:
pattern must remain sensitive and selective (80% of
metabolites correct)

12.04.2016



i MetaMap™ Tox

Group of substances

"Find Metabolites"

Tanger Drgass e
Iersanspoietc aysem 5

ke, ke, et 5

ot by et §

&
i

Group of substances
with similar metabolic profiling

List of changed metabolites
“metabolic profiling”

ald x|

Date Dosbetun Mot Pacten Gt

et « = - D) | Do ifwrten Gt 3| Dy b = )

e o wachaet | Links =
Dats Profiles

[Data set: Group median ratios

1 MCPA | Dichlorprop-p Dicamba
[Metabolite mr2[mralaT1 [ar2 [aT3 [T [mr2]mra|aT1 [aT2 [aTa [mT1 [mr2]mra

Metsholite 1 [0.85 0.82 09 064 0.72 093 0.92 0.88 0.9 (0.88 0.8 093 0.74 0.76 0.79
Metsbolite 2 (0.8 0.74 0.84 0.88 0.78 082|082 0.75 0.84 0.91 0.82 0.96(0.92 0.78 0.87 0.77 0.86 0.88

Metsbolite 3 [0.27 0.35 0.26 0.16 069 0.64 0.5 0.17 0.2 0.3 [0.97 0.86 0.64 0.66 0.67
Metsholite 4
Metsholite 5 (0.77 0.85 0.8 0.84 073 0.78 0.85 0.67 0.88 0.9 (0.78 0.79 0.85 0.68 0.81 0.88

Metabolite § (0823 0.94 0.57 0.88 0.6 0.61
Metabolite 7 (0.55 0.55 0.61 0.27 0.19 0.22
Metsbolite 8 (021 0.22 0.2 017 0.14 015
! ited (0.7 0.82 0.81 0.74 0.59 0.61

028 09409 09 083 0.88(0.85 0.89 0.82 0.74 0.81 0.78
085 0.97 0.1 0.43 0.41 0.53(0.98 0.82 0.71 075 0.73
0,66 0.66 0.89 0.14 0.23 0.29(0.82 0.86 0.79 0.69 0.85 0.87
072 0.87 0.9 082 0.83 0.72(0.88 0.9 08 087

Metabolite 10 (0.82 0.78 0.77 0.63 0.45 0.41

"Find Compounds"”

] T e

12.04.2016

0.84 0.88 0.88 0.85 0.79 0.82 0.5 0.8 088,
o - —_—
@ 1 o v
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o BASF Recognising mode-of-action:
We create chemistry perOXISome prOIiferation

Datel  Bearbeiten  Ansicht  Favoriten  Extras

Fgrovomen € - dp @ - [JE

~ | B wechseinzu  Links ™ @ -

= Fraction of metabolites: 0.9 o study Lontrols ~
= Fold Change: |1.0 t-Test varsion: (@ heteroscedastic t-Test (Welch t-Test)
. > homescedastic t-Test (pooled variance)
[ (2-Formylamino-3-carboxythiophen) (MOAS) Al = [[Clofibrate (MOASO)Y
1.1.2 2-Tetrachloroethane (MOAZ9D) Pl oo Fenofibrate (MOA4E)
1,2-Cyclohexanedicarboxylic acid diisononyl ester (MOA2E) _;;_ Wy 14643 (MOAST)
1,2-Dichloroethane (MOAS3)
Compounds: 1 3-Dichloro-2-propanol (MOAED) Moirg Al
1 .3-Dinitrobenzene (MOAS3) =<
1,4-Butanediol (MOAB?) Remove
1.4-Dinitrobenzene (MOAS4) =
1. 4-Dioxane (MOASS)
1.4-Phenylene diisothiocyanate (MOAZ2) ~ | Bemove Al
[+~]
Analysis groups: s & Dt Dmn Metabolite Information Columns:  []
| a7 14 1128 7 Fthi14 FElh28 Clmi7 Clmi14 Cmi28 Clmh? Clmh14 Clmh28|
Submit parameters Reset parameters )
(_Find Metabolites ShowaAll Metabolites | Export Table to Excel Legend: Idecreased no significant changes in
ShowSelected Melabolites ) Find Compounds )  ( Sawe Metabolite List )
Select All | Select None
Clofibrate Fenofibrate Wy 14643
(MOAS0) {MOA4B) (MOAS51)
Select Direction Anchor[Metabolite MET_CHEM_ID| fh7 | fh14 | 28 | 7 | 14 | m2s | m7 | mia | me2s |
‘uﬂ = [0 Pantothenic acid 18000225 1.07 (S 12> BSE BNE 92 1S 28 BEE
lup O |Coenzyme Q9 18000281 AiBE 164 2058 A51 172 W88 A7 e 2
lup ™| [ Glycerol lipid fraction 28000002 WSS B4 §S8 2S5 P47 2HMS 1A 1Es 117
Lup b [0 Palmitic acid (C16:0) 28000003 MNOS MiS8 2151 M2 1388 12 W21 s 102
‘up -~ [0 gamma-Linolenic acid (C18:c 28000477 204 B8 70 564 285 262 208 2H2 1S4
‘dDWl‘l - O 16-Methylheptadecanoic acid 28000478 055 075 075 059 055 058 067 085 056
‘duwn b = 17-Methyloctadecanoic acid 28000479 0.48 057 0.77 0.5 0.57 0.5 063 06 0.47
\un o~ [ Threonic acid 36000083 1.28 1.3 = 146 167 161 mEs s
‘duwn b [} Cytosine (2} 38000441 0687 086 1.0 079 0789 087 069 07 079
‘dDWﬁ h [0 Phosphatidylcholing No 04 (. (Z) 68000020 067 059 068 071 064 076 084 08 10
ShowSelected Metabolites ) Find Compounds ) Sawve Metabolite List )
Toxicology | Yield | release notes | prefarences | help | logout
Copyright (C) Metanomics 2005.2008. Version 3.2 (4076)
about Metabiap
-~
< >
2 . %O Trustedsites

12.04.2016



O -BASF

We create chemistry

MetaMap-TOX - Microsoft Internet Explorer

Datel  Bearbeiten  Ansicht  Favoriten  Extras 7 a
@ Zurack - Q lﬁ @ fb ):) Suchen \;\\{ Favoriten @ &3 - -‘f’_‘\’ ] - _J ﬂ
Adresse @ v} Wechselnzu  Links ™ @& -

t-Test version: (& heteroscedastic t-Test (Welch t-Test) ™~

= Fold Change: 1.0
¢ | O homoscedastic t-Test (pooled variance)

(2-Formylamino-3-carboxythiophen) (MOAS) -~ =) Clofibrate (MOAS0)
1.1.22-Tetrachloroethane (MOAZD) Move Fenofibrate (MOLAAE)
1.2-Cyclohexanedicarboxylic acid dilsononyl ester (MOAZE) T Wy 14643 (MOAST)
1.2-Dichloroethane (MOAS9) Bezafibrate (MOA49)
Compounds: 1 3-Dichlora-2-propanol (MOABD) Mave All Mecoprop-p (MOAT)
1 3-Dinitrobenzene (MOAS3) =) Dichlorprop-p (MO&1)
1 4-Butanediol (MOAB7) Remove Benzylbutyl Phthalate (MOAB)
1 4-Dinitrobenzene (MOAS4) @) Diethylhexylphthalate (MOASE)
1.4-Dioxane (MOASS) -
1.4-Phenylene diisothiocyanate (MOA72) + | Bemove Al
=
Analysis groups: Cin EHm Clmi Lmn Metabolite Inforrmation Columns: [

a7 CIn4 1128 7 Fhi4 Fh28 Clmiz Clmitd Clmi28 Clmh7 Clmh1d Clmb28

_Submit parameters) |_Eeset parameters
_Find Metabalites _Showall Metabolites )  (_Export Table to Excel
| ShowSelected Metabolites | \_Find Cumpoundi) | Sawve Metabolite Lisl)

Select All | Select Mone

Clofibrate Fenofibrate Wy 14643 Bezafibrate Mecoprop-p Dichlorprop- Blgll:lzlfal:::lt‘:| Diethylhexylphthalate
(MOA50) (MOA48) (MOA51) (MOA49) (MOA1) p (MOA1) {(MOAG) (MOAS58)

Select Direction Anchor|Metabolite MET_CHEM_ID| 7 |m14]mzs| m7 |m1a|mzs| m7 [m1a|mzs| m7 |m1a)mzs| m7 [mis]|mzs| m7 |m14|mzs| m7 |mia]mzs] m7 | m1a | mezs |
[up %] O Pantothenic acid 18000225 1.07 iFS 1 22 256 2I¥S 5127 144 2123 2157 2.94 253 2.56 4.78 3.11 206 242 148 188 147
[up ™| O coenzyme a9 18000261 1186 164 2065 151 172 186 17 191 2071 1154 143 1163 1128 163 176 179 225 268 144 15 178 187 16 16
[up  »| O ciycerol lipid fraction 28000002 1139 1164 4199 235 2047 219 1011 145 117 212 248 247 192 179 2062 247 204 195 148 243 188 W52 12
|up ~| [0 Palmitic acid (C16:0) 28000003 1,08 1.38 1.721.39 1.42 81 102 IF3 18 192 156 18 188 253 7 148178 194 166 15 1.34
Iup ~| O |gamma-Linolenic acid (C18:¢ 28000477 2 188 70 364283212 212 194 298299 334362 414 658635 3.44 1981 1.05 1.44 1.22
Iduwn v [0 16-Methylheptadecanoic acid 28000478 0.550.75 0.75 059 0.55 0.59 0.7 0.85 0.56 0.61 0.59 0.54 0.54 0.51 0.55 0.620.49 062 D.550.66 0.55 0.59 0.68 0.63
Iduwn ~| [0 |17-Methyloctadecanoic acid 28000479 0.48 057 0.77 0.5 057 0.5 063 06 0.47 054054 055 0.390.350.45 0.530.57 067 0.780.64 069 0.76 0.62 0.78
=1 IUFI v| O [Threonic acid 38000083 123 1.3 13 146167 161 164 1.8 1,18 162193 162 161145 1.44 144181 189 12 163174 1588 123 1.12
Iduwn ~| [0 | Cytosine (& 38000441 087086 1.0 079079087 069 0.7 0.79 0.7680.74082 07 0.71 0.7 067088071 077063079 086 084 081
[down ¥| [0 Phosphatidyicholine No 04 (.. (%) 68000020 0.67 0.59 0.68 0.71 064 0.76 084 0.8 1.0 0E90.66053 062103067 119094 0.8 071 12 084 075 072 079
ShowSelected Metabolites I Find Cnmpnundi) | Sawve Metabolite Lisl)

Toxicology | Yield | release notes | preferences | help | logout
Copyright (C) Metanomics 2005-2008. Version 3.2 (4076)
about Metahtap -
< >
&) Fertig @ Trusted sites

12.04.2016
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O -BASF

We create chemistry

Pairwise Comparison: Clofibrate

12.04.2016

Clofibrate (MOAS0) Pearson Spearman
Treatment rp p rank rs p rank

Clofibrate (MOAS50) 1,00 0,00 1 1,00 0,00 1
Fenofibrate (MOA48) 0,79 0,00 2 0,70 0,00 3
Mecoprop-p (MOA58) 0,78 0,00 3 0,66 0,00 5
Pravastatin + Fenofibrat (MOAFWO05) 0,73 0,00 4 0,63 0,00 11
Bezafibrate (MOA49) 0,72 0,00 5 0,62 0,00 14
Diethylhexylphthalate (MOA28) 0,71 0,00 6 0,61 0,00 16
Wy 14643 (MOA51) 0,71 0,00 7 0,64 0,00 9
Atorvastatin + Fenofibrat (MOAFW05) 0,70 0,00 8 0,63 0,00 10
Diethylhexylphthalate + Dibutyl phthalate 0,70 0,00 9 0,64 0,00 7
Diisopentylphthalate (MOAS) 0,70 0,00 10 0,62 0,00 13
Benzylbutyl Phthalate (MOAS) 0,68 0,00 11 0,56 0,00 21
Oxaliplatin (MOAG9) 0,00 0,96 544 0,07 0,17 430
2-Butanone oxime (MOA18) 0,00 0,96 545 0,02 0,68 513
Bisphenol A (60 Kcal fat diet) (MOAFW04) 0,00 0,97 546 0,05 0,37 467
Ethyl benzene (MOA56) 0,00 0,98 547 -0,02 0,76 520
3-Chloro-1,2-propanediol (MOAS56) 0,00 0,99 548 -0,09 0,08 388

13



O -BASF

We create chemistry

Test Substance

Assessment is based on joint evaluation of
Pattern Ranking, TPC and Biochem Interpretation

"Find Metabolites"

o e

“Total Profile Comparison"

Treatment

12.04.2016

— Statistical Correlation -
Ranking based on
biological similarity

Biochemical
Interpretation

“Pattern Ranking"

i

Similarity of test
compound-induced
changes compared to
toxicity patterns

14




S BASF MetaMap®Tox:
We crate chemistry Assessment of predictivity

B Evaluation of MetaMap®Tox predictions against histopathology
outcome

Histopathology: | Histopathology:
positive negative

MetaMap®Tox: 19 (83%) 3 (16%) 22
positive

MetaMap®Tox: 4 (17 %) 16 (84%) 20

negative

23 19 42

B Current Status (n=42): > 80 % correct predictions

12.04.2016 15



O -BASF

We create chemistry

MetaMap®Tox: sensitivity analysis
A NOAEL analysis (N =120), based on routine studies

40

100 -

90 -

80 -

70 -

60 -

50 -

30 -

20 -

10 -

No adverse

i observed effect

Observed
~ adverse effect

11,9%

L s1% {

Agreement classical tox. and Metabolom more sensitive

metabolome

Classical tox. more sensitive

12.04.2016
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MetaMap™ Tox: Example 1
Phenoxy herbicides - Structures

O -BASF

We create chemistry

Tanimoto scores

B Target substance:
MCPP (Mecoprop-P)

B Source substances:
2,4-DP (Dichlorprop-P)
MCPA

M Structurally similar

12.04.2016

MCPP vs MCPA: methyl and
chlorine substituent in the 2,4-
position

MCPP vs 2,4-DP: phenoxy-
propionic acids

P

\)/In

X

0
oir_:

MCPP

MCPA

2,4-DP

MCPP

75.0%

96.0%

MCPA

75.0%

77.4%

Q-
-
L

&
X

2,4-DP

96.0%

77.4%
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MetaMap™ Tox: Example 1

O -BASF . . : .
m.mim Phenoxy herbicides — Metabolic communalities

o 74DP WMCPA____ mcPP |
mi m14 m28 mi m14 m28 mi m14 m28 i

16-Methylheptadecanocic acid 0,24 0,31 0,41 0,23 0,33 0,18 0,23 0,25 0,21 MOde Of action

17-Methyloctadecanoic acid 0,22 0,34 0,30 0,29 0,35 0,20 0,16 0,24 0,16

T Hydroxyindole [ 570 | 30 | o0 | 195 | 755 | 795 | 259 | 756 | 191 . . _

Arachidonic acid Liver peroxisome proliferation

(C20:cis[5.8.11.14]4) 020 | 029 | 041 | 027 | 042 | 026 | 028 | 034 | 026

Arginine 0,74 0,80 0,68 0,79 0,73 0,76 0,78 0,82 0,67 i i

Asparagine 0,62 0,74 0,66 0,75 0,59 0,74 0,74 0,72 0,72 Liver flbrate phthalate and

Cholesterylester C20:4 021 | 021 | 035 | 057 | 029 | 033 | 029 | 033 | 0.44 phenoxy

1?{05'"9 0,44 0,62 0,69 0,63 0,60 0,60 0,73 0,73 0,66

thomo-gamma-Linclenic acid .
oty oo | |  Reduced feed consumption

Docosahexaenoic acid
(C22:cis[4,7,10,13,16,19]6)

Docosapentaenoic acid Kidney inhibition weak org. acids
(C22:cis[7 10.13.16,19]5) 023 | 021 | 016 | 015 | 025 | 013 | 020 | 030 | 021

Glucuronic acid [ 679 [ 587 [ 3 [ 306 [ 288 [ 387 | 4 | 348 [ 207 |

Ketoleucine 057 | 062 | 062 | 039 | 026 | 034 | 072 | 079 | 057 i

Lysine 044 | 052 | 056 | 040 | 030 | 033 | 057 | 060 | 050 Phthalates long chain

Lyso PE (C22:0) (putative) 024 | 021 | 028 | 038 | 028 | 029 | 020 | 0.20 | 018

Lysophosphatidylcholine (C17:0) | 043 | 035 | 035 | 059 | 054 | 035 | 043 | 034 | 024 Liver PPAR alpha agonist

Lysophosphatidylcholine (C18:0) | 077 | 078 | 083 | 081 | 083 | 073 | 075 | 078 | 077

Lysophosphatidylcholine (C18:2) Liver oxidative stress -
Methionine 006 | 0.3 | 087 ] 066 | 059 | 0,64 | 0.2 | 0562 | 0.80

PC No 04 (putative) 0,28 0,37 0,30 0.42 0.44 0,36 0,30 0.40 0,34
Phosphatidylcholine (C16:0,C20:4) | 0,71 0,74 077 0,63 0.80 0,62 0,62 0.67 0.64

Phosphatidylcholine (C16:0,C22:6) | 046 | 044 [ 050 | 037 | 045 | 034 | 040 | 039 | 038 H Very gOOd Overlap Of

Phosphatidylcholine (C18:0,c20:3)| 053 | 046 | 053 | 049 | 082 | 048 | 037 | 047 | 038 . .
Phosphatidylcholine (C18:0,C20:4) | 036 | 040 | 051 | 036 | 055 | 024 | 032 | 041 | 038 “letabOIlC prOflleS

Phosphatidylcholine (C18:0,C22:6) | 0,34 0,38 0.41 0,30 0,30 0,18 0.29 0,33 0,30

Phosphatidylcholine No 02 043 | 037 | 038 | 053 | 056 | 051 | 041 | 041 | 0%
Proline 0.69 | 0.77 | 0.77 | 0.63 | 051 | 057 | 0.66 | 0.77 | 0.6 C t t .
Proudouriin | @ COMMON target organs:
Stearic acid (C18:0) 034 | 050 | 045 | 045 | 067 | 043 | 036 | 030 [ 0.8

TAG (putative] 064 | 054 | 046 | 035 | 059 | 036 | 032 | 035 | 0.40 . .

Threonine 056 | 0.68 | 0.82 | 0.68 | 0.63 | 0.60 | 0.65 | 0.68 | 0.77 iver an | neyS

Tryptophan 027 | 024 | 045 [ 020 [ 019 [ 005 | 033 | 00 [ 0.9

Unknown Tipid (68000033 055 | 006 | 067 [ 045 [ 049 [ 047 [ 057 | 052 [ 0%

Unknown Tipid (58000034 037 | 030 [ 038 [ 037 [ 026 [ 022 [ 039 | 038 [ 053

Unknown Tipid (58000052 03T | 033 [ 045 [ 037 | 047 [ 022 [ 025 | 031 [ 029

12.04.2016 18



a)

b)

O -BASF

We create chemistry

MetaMap™ Tox: Example 1
Phenoxy herbicides — Best read-across option

Pair-wise (total profile) comparison:

Best match with 2,4-DP (pearson r = 0.817), MCPA
rank 25 (r =0,58). In between PPAR alpha agonists.

The PCA analysis of the 3 compounds demonstrates

. MCPP 2.4-DP MCPA
Metabolite m7 | mi4 | m28 | m7 | mi4 | m28 | m7 | m14 | m28
3-Indoxylsulfate 0,72 1,63 192
3-Methoxytyrosine 1,22 1,08 1,19
alpha-Tocopherol 056 | 065 | 059 [ o070 | 063 | 068 [ 093 | 109 | 098
beta-Sitosterol 024 [ 034 | 023 [ 037 | 030 | 031 [ 065 | 103 | 074
Campesterol 030 | 036 | 023 [ 031 | 029 | 032 | 068 | 1,04 | 099
Cholesterol, total 044 [ 050 | 045 [ 038 | 048 | 052 | 067 | 090 | 073
Ethanclamine
lasmalogen (C39:4) 049 | 054 | 052 | 062 | 052 | 048 | 072 | 084 | 072
Galactose, lipid fraction| 052 | 051 | 056 | 062 | 045 | 065 | 065 | 090 | 086
Indole-3-acetic acid 049 [ 065 | 064 [ 031 | 041 | 063 [ 052 | 090 [ 1,18
myo-Inositol, lipid 056 | 055 | 056 | 045 | 053 | 061 | 054 | 092 | 078
fraction
myo-Inositol-2-
phosphate, lipid 018 | 022 | 025 | 027 | 021 | 032 | 0230 | 061 | 052
fraction
[Myristic acid (C14:0) 061 | 081 | 058 | 061 | 072 | 044 | 053 | 071 | 081
Pantothenic acid 0,92 1,41 0,86
Phosphate, lipid 064 | 074 | 067 | 064 | 069 | 062 | 075 | 1,01 | 0380
fraction
Sphingomyelin
(d18:1,C16:0) S
Threonic acid
Unknown lipid
(28000473) e
. MCPP MCPA 2,4-DP
Metabolite m7 | mi4 | m28 | m7 | mi4 | m28 | m7 | m14 | m28
5-Oxoproline 098 | 081 | 078 | 066 | 069 | 069 | 097 | 099 | 1,03
Alanine 067 | 071 | 067 | 068 | 077 | 083 | 081 | 084 | 097
ED'::I"V”'”"”"'E"’ acids,| g1 | 082 | 070 | 094 | 087 | 077 | 050 | 078 | 072
Ethanolamine 052 | 056 | 050 | 057 | 067 | 060 | 069 | 029 | 060
plasmalogen (C39:5)
:"Ceﬂt_;‘;'“a"“"’ acid 052 | 057 | 044 | 053 | 070 | 054 | 060 | 059 | 049
Isopalmitic acid (C16:0) | 039 | 046 | 027 | 048 | 047 | 025 | 041 | 077 | 047
Tyrosine 074 [ 089 | 076 | 087 | 077 | 087 [ 089 | 094 [ 089
Uracil 075 | 083 | 071 | 079 | 088 | 075 | 0584 | 088 | 107
Uric acid 072 [ 079 | o071 [ 076 | 085 | 081 123 | 099 | 152

12.04.2016

the same: 2,4-DP is closer to MCPP than MCPA

MCPA

MCPP

» 2,4-DP is the best read-across
source substance
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aryl1

Coumarone 1

Reference: Topramezone, females, HD

Pearson correlation

Treatment

r rank

Topramezone, LD 0.895 1
Coumarone 4, LD 0.892 2
Nitisinone, HD 0.886 3
Topramezone, 2" study, HD ~ 0.886 4
Coumarone 3, LD 0.867 5
Coumarone 4, HD 0.866 6
Coumarone 3, HD 0.858 7
Nitisinone, LD 0.851 8
Coumarone 1, LD 0.862 9
Coumarone 2, LD 0.841 10

12.04.2016

o
Coumarone 2

Nitisinone

E
aryl 2

N

Tanimoto similarity using MACCS keys

Coumarone 1 Coumarone 2 Nitisinone

Coumarone 2

Nitisinone
Topramezone
Metabolite Coumarone 1 Coumarone 2 Topramezone Nitisinone
4-Hydroxyphenylpyruvate
5-Oxoproline
Citrulline
Glutamine
Glycine
Lysine
Methionine
Serine
Threonine

Tyrosine
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ey Example 3: 2- and 4-Acetylaminofluorene

Tanimoto score: 63% j\
HN

Q.‘ ka Q,‘

2-Acetylaminofluorene 4-Acetylaminofluorene

strong liver enzyme inducer
liver carcinogen

slight liver enzyme inducer
no liver carcinogen

Immune suppressant
bladder carcinogen

lipid accumulationin liver
Immune suppressant

12.04.2016 21



Example 3: 2 and 4-Acetylaminofluorene

0= BASF
We create chemistry M etab 0 | O m e p att er n S

Metabolite profile compared to oth;H-ive\r enzyme irpu-eqs (and liver cell carcinogens)
Z

ZL N
/ /| _da

3-O-Methylsphingosine (d18:1) 56 1.14 1.38
4-Hydroxysphinganine (t18:0, Phytosphingosine) 0.86 1.47
5-O-Methylsphingosine (d18:1) 21

Arachidonic acid (C20:cis[5,8,11,14]4) .22 0.98
Behenic acid (C22:0) .15 1.51
Cholesterol, total 1.19

Cholesterolester, total

dihomo-gamma-Linolenic acid (C20:cis[8,11,14]3) m

Docosahexaenoic acid (C22:cis[4,7,10,13,16,19]6)
Dodecanol

Eicosanoic acid (C20:0)
erythro-Sphingosine (d18:1)

Galactose, lipid fraction
gamma-Linolenic acid (C18:cis[6,9,12]3)
Glycerol phosphate, lipid fraction
Glycerol, lipid fraction

Heptadecanoic acid (C17:0)

Lignoceric acid (C24:0)

Linoleic acid (C18:cis[9,12]2)
myo-Inositol-2-phosphate, lipid fraction
Nervonic acid (C24:cis[15]1)

Palmitic acid (C16:0)

Phosphate, lipid fraction
Phosphatidylcholine (C18:0,C18:1)
Phosphatidylcholine (C18:1,C18:2)
Sphingomyelin (d18:1,C16:0) . . 1.08
Sphingomyelin (d18:1,C24:0) ) . 1.12
Stearic acid (C18:0)
threo-Sphingosine (d18:1)
Tricosanoic acid (C23:0)
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Example 3 : 2- and 4-Acetylaminofluorene

O -BASF

e Pair-wise (total) Profile Comparison
2-AAF 4-AAF

Treatment Treatment
2-Acetylamjprefuorens (MOAGS) 4-Acetylamprsfuorene (MOAGL)
Tre atmenmmﬂﬁa Treatme Mﬂﬁ«ﬁd |
Treatmert 388 INCABD) Treatmegt 493 (INOAB4)
Treatmeft 382 (MPA44) Treatmeht 345 umEm 2)

Treatmgnt 213 (MPAT1) Treatmgnt 378 (MPAG4)
Treatment 209 (MPAIS) Treatmgnt 368 (MPAIZ)
Treatmsnt 253 (MPABGS) Treatmdnt 239 (MPAGD)
Treatmelit 441 (MDASE) Treatmelht 144 (MDAGS)
Treatmerg 185 (WOAED) Treatment 320 (POAT2)
Treatment\d 04 MOASZ) TreatmeniN 09 AMOA3S)

2-AAF and 4-AAF rank best with completely different compounds
2-AAF has a very low overall match with 4-AAF — rank 1443

Pattern identification different
Pair-wise comparison different
Metabolomics conclusion: 2-AAF and 4-AAF are biologically unequal
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REACH: chemical grouping and read across

5c:eate chemisg CONCL USIONS

6\

‘Omics technologies provide
important data useful in read across

Biology based data should be more
relevant than structure based data

)
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From QSAR to QBAR
quantitative b’io_vlogical activity relationships
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