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Possibili utilizzi del metodiche in silico per le miscele:
effetto o esposizione

Predire informazioni su sostanze singole con dati mancanti

Utilizzo per sostanze UVCB

Raggruppamento sostanze comuni (ad esempio per mode of
action, per applicazione strategie tipo dose/concentration

addition)
Predire effetti combinati

Predire diversi comportamenti ambientali

Modelll per tossicocinetica

Computer come “cervello” o “muscolo”



Modelli In silico per completare dati mandanti su effetto

» Per predire molti endpoints, su molte sostanze, tempi rapidi:

- Dafnia, alga, pesce, acuto/cronico, acqua dolce/salata, micro-

organismi, terrestre, insetti, lombrico, uccelli, piccolo mammiferi
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Utilizzo per sostanze UVCB: esempio del surfattanti

- Sulfonati e analoghi
« Differente numero di atomi di carbonio
 Differente insaturazione

» Software puo generare tutte le possibilita e calcolare effetti di tutti |
possibili membri della famiglia: quindi analisi di trend, cluster, etc.
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Raggruppamentli secondo cluster non pre-definiti

*  Presenza di rappresentanti con dati

sperimental ”3;

» |dentificazione di famiglie %

IO |
- Verifica per le altre sostanze (read- Z hes

across/grouping)



Unsupervised clustering

» Software per clustering
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* Per costruire matricl, uno contro tutt Plain ring systems -~
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Acid Black 1 Acid Black 24 Acid Blue 80 Acid Brown 235 Acid Brown 354 Acidorange 7 AcidRed 119 Acid Red 131 Direct Black 19 Directred 23 Direct Red 81 Disperse Blue 79 Acid Yellow 42 Reactive BlackS Reactive Red 195 Hc\é‘ > }jH HC\C’ % Original Molecule
Acid Black1 1 0am 0J 0819 0811 0769 0B 085 oM 0367 07 0,768 0842 0,763 C H
Acid Black2 1 088 0%l 0819 081 0765  0&B 0859 0 08 067 0 0763 0882 0763 Rings with substitution
Acid Black 4 0403 1 0815 1 0® 08 O8I R Y 0692 0.7 Wi 0,752 Gl Murcko Skeleton
Acid Black 26 0885 03 079 0853 087 0 082 08K 055 088 078l 0718 08 0787 077 l'Cl o /kCH .
Acid Blue 2 0685 0§ 0Im 058 0,626 0738 0GB 069 081 0BT 0687 0648 06T 0,604 0575 C\r['bl i HC/CYC' NI/\>
Acid Blue 30 0% 080 1 071 0,761 06 0™l 0T %L 0N 077 067 0,766 0.706 0687 \e—)\ . o/'\( ,/Z/ L& N
AcidBlue 90 066 015 0766 0718 0.7 064 07 0% 06 0% 03T 0647 072 0676 078 N C L
AcidBlue 113 081 0% 08M 0817 08 0M8 0 08 078 0MS 0% 0703 0.7% 077 0,748 e ey i
AcidBlue 225 079 0 06% 0.6% 0741 0657  0mL 07 084 0Bl 0356 006 0737 0,697 0671 c/h etz:'rc‘) suvg'sttrl‘tutl - atomicr\:lr?gz Lm;?. _— rigg Systam
Acid Blue 260 Y 091 0.6% 0 06% 084 078 0% 01 0B 067 0743 0692 0,666
AcidBlue 40- 324 O 0 085 0653 0702 08 075 07 089 04 07 0676 0713 066 0625
Acid Broum 58 07 07% 067 0% 0,965 01 074 0 068 0817 0% 0548 0712 0805 0,845
Acid Browm 75/151 088 0WT 0707 0908 0878 0657 07 08L 069 085 0B 0718 0.761 0863 082
Acid Brown 191 0838 08 0708 0883 087 0sm om0 062 08B 076 0717 075 0848 0411
Acid Brown 235 089 085 071 1 0911 086  OTB 080 U Y. Y 0,69 0759 0,845 0,845
Acid Brown 348 087 08 076 0901 0906 06% 082 08 Y 0% 0776 0,846 0,304
Acid Browm 354 0% 0k 0761 0911 1 06% 0812 0B85 0P8 089 0T 079 07 0812 078
Acid Green 16 0 0 0367 0,66 067 01 0TB 07 07 0m 0% 0672 0714 0671 0,634
Acid Green 25 076 0% 085 072 07 08 076 0787 087 0 0% 0.8 0753 0702 0,684
Acid Green 68 089 08 070 09 0,455 0.648 06 080 gL 0 o 0701 0.754 0,866 0,806

Acid Green 111 0.823 0813 0.715 0,89 0.841 0.653 0,789 0,822 0.704 0.858 0,741 0,708 0.622 0.862 0.830



Software per Clusters per similarita strutturale o altro
IsStChemFeat / IstCluster

|2 | istChemFeat 1.0.0 (core 1.1.1) = ] X

File Process ?

Molecules: 0
Minimum occurrences: Threshold (%) for class separation:
P | 10

“iIstChemFeat” extraction and
classification of chemical

Tools developed by Kode

features In a dataset

(available on https://chm.kode-solutions.net)

“IstCluster”

IstCluster: clustering based on the similarity (as calculated in VEGA)
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*#** Super-Cluster no. 1

* Cluster no. 1-1
O=C3C(=NNclccccel)C(=Cclce(c(N=Nc2ccc(cc2)[N+](=0)[0-])c(N)c34)S(=0)(=0)0)S(=0)(=0)0
O=C(Nc3cccdC(=0)C(=NNc2ccc(N=Nclccc(ccl)S(=0)(=0)0)cc2)C(=Cc4(c3))S(=0)(=0)0)c5cceeces

Cluster no. 1-2
(=0)(0O)cbece(c{N=Ncdccc(N=Nc3ccc(Nclcececeel)c2e3(ccec2S(=0)(=0)0))c5ccececd5)c6)Cl
(=0)(0O)cbecec(N=Ncdccc(N=Nc3cce(Nclcceecl)c2c3(ccecc2S(=0)(=0)0))c5ccececcd5)ch
(=0)(O)cdcc(O)c5¢(N=Nc3ccc(Nclccececl)c2c3(cccc2S(=0)(=0)0))cc(cc5(cd))S(=0)(=0)0
(=0)(O)cbeecec(N=Ncdccc(N=Nc3ccc(Nclceeeel)c2c3(cccc2S(=0)(=0)0))c5cecececcdS)ch
(=0)(0O)cbcccc(N=Nciccc(N=Nc3ccc(Nclcecec(ccl)C)c2c3(cccc2S5(=0)(=0)0))cS5ccececsS5)ch
(=0)(0O)c5ccec(N=Nc3ccc(N=Nclccc{ccl)N(Cc2ceee(c2)S(=0)(=0)0)CC)cdccececc34)cS
(=0)(0)c7cceccoc(N=Ncdccc(N=Nc3ccc(Nclceceecl)c2e3(ccec25(=0)(=0)0))c5ccecccd5)ccecco7
(=0)(0)cbeee5c(cecc(0)c5(N=Nc3ccc(N=Nc2ccec(Nclceceeel)e(c2)S(=0)(=0)0)cdccccc34))co

Acid Black 2 - 8005-03-6
Direct red 081 - 25188-42-5

Acid Blue 345 - 97889-95-7

Acid Blu 113 - 3351-05-1

Acid Blue 092 - 3861-73-2

Acid Blue 113 - 3351-05-01

Acid Blue 120 - 3529-01-9

Acid Red 119-A - Acid Red 119-C - 70210-06-9
Acid Black 024-A - 3071-73-6

Acid Black 026 - 6262-07-3

(currently only in-house)



o

Modelli in silico per predire LD50 di pesticidi In miscele
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CC(=NCHN)N(C)CC1=CN=C(C=C1)Cl Nicotinic acetylcholine receptor (nAChR) a; 0.165 CCCCOCCOCCOCC1= P450-dependent monooxygenase inhibitor 0.030 1.17 ii
CCOP(=5)(0OCC)OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.248 CCCCOCCOCCOCC1= P450-dependent monooxygenase inhibitor 0.030 5.04 ii O u t p u t
CCOP(=S){0OCC)0OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 1.034 CC(C)C(C(=0)OC(C#N Sodium channel modulators_Nerve action 0.010 2097 i
CCOP(=5)(0OCC)OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.629 CC(C)C(C(=0)OC(C#N Sodium channel modulators_Nerve action 0.030 12.77 ii
CC(C)C(C(=0)OC(C#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.227 CCOP(=S){OCC)OC1= Acetylcholinesterase (AChE) inhibitor 0.150 1.53 i 2
CC(C)C(C(=0)OC(CH#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.031 CCOP(=S){OCC)OC1= Acetylcholinesterase (AChE) inhibitor 0.490 0.21ii ~ ( n r )
CC(C)C(C(=0)OC(CHN)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.039 CCOP(=S)(OCC)OC1= Acetylcholinesterase (AChE) inhibitor 0.150 0.78 ii R =~ 0 - 80 ac ross th e fo u r d Iffe re nt S p I Its
CC(C)C(C(=0)OC(C#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.121 CC1=NN(C(=C1C=NO Mitochondrial complex |_electron transport 0.060 2.4 i
CC(C)C(C(=0)OC(CHN)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.189 CC1=CC(=C(C=C1)N=(Octopamine receptor agonists 0.020 3.74 i
CC(C)C(C(=0)OC(C#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.515 CC1=CC(=C(C=C1)C(CPhenol 0.181 10.2 ii
CC(C)C(C(=0)OC(C#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.224 COC(=0)N(C1=CC=CC Mitochondrial complex lll_Quinone outside |  0.100 4.43 ii TRN 25 0.974 0.986 0.968 0.191 863
CC(C)C(C(=0)OC(CHN)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.586 C1=CC=C(C(=C1)C2=(Complex Il _Succinate-dehydrogenase inhibitt  0.100 11.6 ii |TRN 24 O 981 O 959 O 977 O 297 1140
CC(C)C(C(=0)OC(C#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.366 C(#N)C1=C(C(=C(C(=C Multi-site contact activity_unspecified mech:  0.160 7.24 i . ' . .
Cc(C)c(c(=0)OC(CH#N)C1=CC(=CC=C1 Sodium channel modulators Nerve action 0.001 CCCN(CCOC1=C(C=C(P450-dependent monooxygenase inhibitor [  0.070 0.01 i CLB 24 0.847 0.920 0.808 0.303 122
CC(C)C(C(=0)OC(C#N)C1=CC(=CC=C1 Sodium channel modulators_Nerve action 0.001 CCCCOCCOCCOCC1=P450-dependent monooxygenase inhibitor 0.030 0.01 ii
CCOP(=S){0OCC)OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.208 CC(C)C(C{=0)OC(C#N Sodium channel modulators_Nerve action 0.080 6.5 ii VLD 24 0.888 0.6527
CCOP(=5)(0OCC)OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.132 CC1=NN(C(=C1C=NO Mitochondrial complex |_electron transport 0.060 4.12 i
CCOP(=S)(0CC)0OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.295 CC1=CC(=C(C=C1)N=tOctopamine receptor agonists 0.020 9.2 ii TRN 25 0.957 0.978 0.947 0.246 012
CCOP(=S)(0CC)0C1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.740 CC1=CC(=C(C=C1)C(C Phenol 0.181 231 ITRN 24 0.957 0.956 0.950 0.307 | 492
CCOP(=S){0OCC)0OC1=CC2=C(C=C1)C(= Acetylcholinesterase (AChE) inhibitor 0.724 C1=CC=C(C(=C1)C2=(Complex Il_Succinate-dehydrogenase inhibitt  0.100 226 CLB 24 0.785 0.883 0.726 0.346 g1
VLD 24 0.807 0.621
TRN 24 0.959 | 0.979 0.951 0.206 | 522
Modelin 0 iTRN | 24 | 0.954 | 0.948 0.943 | 0.333 | 462
CLB 24 0.741 | 0.835 0.693 0.548 | 63
VLD 25 0.750 0.605
& . K= TRN | 24 | 0.936 | 0.967 0.922 | 0.286 | 324
DEW (T, N") = Z CW(Se) + Z CW(SSe) + Z CW(SS5k) TRN | 24 | 0936 | 0962 | 0915 |0.289| 325
k=1 k=1 k=1
CLB 24 0.858 | 0.919 0.8395 0.454 | 133
VLD 25 0.777 0.514




Modelli Iin silico per predire LD50 di pesticidi In miscele (2)

Carnesecchi E, Toropov AA, Toropova AP, Kramer N, Svendsen C, Dorne JL, Benfenati E

Predicting acute contact toxicity of organic binary mixtures in honey bees (A. mellifera) through
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Carnesecchi E, Svendsen C, Lasagni S, Grech A, Quignot N, Amzal B, Toma C, Tosi S, Rortais A, Cortinas-
Abrahantes J, Capri E, Kramer N, Benfenati E, Spurgeon D, Guillot G, Dorne JLCM

Investigating combined toxicity of binary mixtures in bees: Meta-analysis of laboratory tests, modelling,
mechanistic basis and implications for risk assessment

Environment International, 2019, 133, 105256, https://doi.org/10.1016/j.envint.2019.105256
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Modelli In silico per comportamenti ambientali. (( )’O llf?m -
Variazione spazio-temporale della miscela "bve cc

* Variazioni dovute a diverso comportamento

ambientale

*  Progetto VERMEER: Scenari disperdenti,

contaminazione da petrolio, biocidi....
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- Differenze quantitative e qualitative fra miscele

*  Modellil SPHERA

«esterne» ed «interne» (BCF)
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Possibilita di modellazione di interazioni complesse. Life

Tossicocinetica

~vermeer

» Substanza A influenza substanza B
modificandone Il metabolismo o altri processi

(ADME)
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Conclusioni

* Miscele: problema complesso, diversi tools in silico
- Sfide:

 Disponibilita dei dati
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* |dentificazione delle deviazioni da Concentration addition T
BN o:s7cLes Yl

» Studi su aspetti biologicl

» Esposizione e solo a miscele
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