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Many structure-activity classification models have been published for
predicting whether a given compound is likely to inhibit and/or be subject
to metabolism by a given cytochrome P450 (CYP) isoform, and several of
them are commercially available. Some products predict the sites of
metabolism (SoMs), liver microsomal stability, and which metabolites are
most likely to be produced.

Classification confidence values calculated by applying beta binomial error
analysis [2] are shown in parentheses. Units pop up as tooltips when the
mouse hovers over a column header. All rCYP CLints are adjusted for
microsomal abundance.

Star plots are used to summarize groups of relevant property predictions,

which are also displayed in individual columns. Those for compound 3 have

ADMET Predictor™ 8.0 includes substrate classification models for CYPs
1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, and 3A4, as well as models that
predict the corresponding isoform-specific SoMs. In addition, models for
inhibitor classification and site-specific kinetic parameters (maximal

velocity (Vmax), Michaelis-Menten constant (Km), and intrinsic clearance
(CLint)) are provided for five of the major hepatic CYPs: 1A2, 2C9, 2C19, o
2D6 and 3A4.

been enlarged and annotated in Figure 3. The various plots show:

Key physicochemical properties (molecular weight, number of rotatable
bonds, S+logP (lipophilicity), S+Peff (effective jejunal permeability) and
log S+Sw (water solubility)

CYP substrate classifications. A prediction that the compound is not a
substrate yields a small colored sector (e.g., 2C9 in Figure 3).

ABSTRACT ANNOTATION METABOLITE PREDICTION

The SoM predictions shown in Figure 4 are qualitative and cannot be
compared meaningfully across CYPs. Quantitative predictions from the
corresponding kinetic models need to be taken into account to discriminate
between potential sites and those which are likely to dominate under in vitro
assay conditions and in vivo.

Compound 1 is predicted not to be a CYP substrate for any of the modeled
isoforms. It is, in fact, a substrate for CYP3A4 [3]. Hence it is a false negative,
but — given that the associated confidence is only 58% - it is a marginal one.

Figure 5 shows the metabolic pathways predicted for four other examples.
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Figure 6. Metabolic pathways for compounds 2, 4, 5 and 6. Arrows without annotation
indicate spontaneous reactions of primary metabolites. The parenthetical value
appended to each CYP name is its atomic CLint for that branch. Contributions
from CYPs lacking kinetic models have been turned off for clarity.
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Figure 4. Predicted sites of metabolism for compound 2.

ADMET Predictor generates substrate classifications and sites of metabolism
for CYPs 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4. In addition, it
provides estimates of the Michaelis constant (Km), maximal velocity (Vmax)
and intrinsic clearance (CLint) for five major CYPs: 1A2, 2C9, 2C19, 2D6 and
3A4. The program provides inhibitor classification predictions for the same
five CYPs as well as specific models for CYP3A4 inhibition of midazolam
and testosterone metabolism.

Each potential SoM is labeled with its relative susceptibility to attack, with
those most likely to be attacked highlighted by a hashed circle (Figure 4).
Gray highlighting indicates that the compound is a not a substrate for the
CYP in question (CYP2C9). Red highlighting is used when the compound is
predicted to be a substrate for the corresponding CYP (here, for CYP3A4).
Atomic Michaelis-Menten kinetic parameters can also be displayed for CYPs
for which the compound is predicted to be a substrate (Figure 5).

In particular:

« CYP3A4 is predicted to generate two metabolites from compound 2 in
roughly 1:1 stoichiometry (Figure 6A). Even in this relatively simple case,
the program needs to anticipate that the initially generated metabolites
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Figure 5. Estimated atomic CYP 1A2 Km and CLint values for compound 5. error range. Hence the contribution of M2 should not be discounted.
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 Compound 7 presents a qualitatively different scenario (Figure 6D).
Even allowing for predictive uncertainty, one of its metabolites (M2) is
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ADMET Predictor 8.0 provides a broad suite of property predictions
relevant to absorption, distribution, metabolism, excretion and toxicology
(ADMET) in general, but its complement of CYP metabolism models in
particular is remarkably complete. More importantly, the predictions from
those models are well-integrated across isoforms via star plots; across atoms
within molecules by visualization of metabolic “hot spots”; and most
broadly, in terms of annotated metabolic pathways that include
spontaneous secondary reactions. Taken together, these features make the
program a powerful tool that is extremely well-suited to guide design, lead
optimization, and DMPXK studies.

3: CHEMBL2172329 2.540 2,757 Yes (80%) Yes (63%)

C19(955);
C27(611);
C30(611)

28468 2824 5159 Mo (72%) MonSubstrate Mon5ubstrate

CLint in uL/min/ng

Mo (98%)

HLM protein

396 g
i
<Y

O oy
397 TN
"

L 5 CHEMEL1837012

4 CHEMELZ2018923 3.580 3922 Yes (98%) Yes (B0%E) MonSubstrate Mo (71%) Monsubstrate

Parenthetical values show the
confidence in classifications I

C7(344);
C18(777)

1.040 1,292 Mo (97 %) Yes (80%) C26(956);

C19(838)

19.104 2312 6.295 Yes (55%) C26(905) Yes (79%) C26(888); Y

C19(851)
597 =N

T Sectors for 2C9 & 2C19 are blank
) 6: CHEMBL2326602 15" bredicted to be a because Compound 5 is predicted not | o No (75%) NonSubstrate Ves (62%)  C12(9%)  ©
" to be a substrate for those CYPs
substrate for every

I '
695 c\©

4 T k

modeled CYP
_ 1. M.S. Lawless, M. Waldman, R. Fraczkiewicz & R.D. Clark. Using Cheminformatics in

Drug Discovery. In: Handbook of Experimental Pharmacology; U. Nielsch, U. Fuhrmann &
S. Jaroch, Eds.; Springer International, Berlin, 2015 (doi: 10.1007/ 164_2015_23).

2. RD. Clark, W. Liang, A.C. Lee, M.S. Lawless, R. Fraczkiewicz & M. Waldman.
J. Cheminfo. 2014, 6, 34.

I 3. Glossop et al. |. Med. Chem. 2010, 53, 6640-6652.

SimulationsPlus

SCIENCE + SOFTWARE =SUCCESS

7 CHEMEBL404258 1.650 2.086 Mo (86%) Yes (80%) C20{995);

C19(995);
C2(831);
C9(738);
C17(636)

0.485 5.885 628173 Yes (56%) C20(986);

C19{986);
C2(924)

Yes (79%) C20(999); Y
C19{999);

C2(705)

Classes R Tables

Compounds Fairs

PChemBio Metabalism User Maodels

Risks

All User Inputs Toxicity Descriptors Customize

Ready

7T unhidden 1138 hidden 1 selected

Figure 2. Spreadsheet showing selected star plots (left-of-center) and tabular (right hand columns) presentations of the data. All but seven rows have been hidden from view.



