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1. Model explanation

1.1 Introduction

The model provides a qualitative prediction of 12 classical nuclear receptor-mediated endocrine
disruptions, including Androgen R eceptor (AR), Estrogen R eceptor o/ (ERa/B), Glucocorticoid
Receptor (GR), Mineralocorticoid R eceptor (MR), Progesterone R eceptor (PR), Retinoic A cid
Receptor o/B/y (RARo/B/y), Thyroid H ormone R eceptor o/f (TRo/B), and Vitamin D R eceptor

(VDR). It is implemented inside the VEGA online platform, accessible at: https://www.vegahub.eu.

Developers:

Wei Shi (njushiwei@nju.edu.cn), Haoyue Tan, Qinchang Chen, Hongxia Yu

State K ey Laboratory of P ollution C ontrol and Resources R euse, S chool of the Environment,
Nanjing University, Nanjing, Jiangsu 210023, China

Jiangsu Environmental Monitoring Center, Nanjing University, Nanjing, Jiangsu 210023, China
Jiangsu Key Laboratory of Chemical Pollution Control and Resources Reuse, Nanjing University,

Nanjing, Jiangsu 210023, China

1.2 Model details

With N RMEA, y ou ¢ an pr edict ¢ hemicals w ithout di srupting da ta a bout 12 NRs-mediated
disrupting activities aforementioned. Chemical data were collected from two open free libraries,

including T oxCast/Tox21  (https://www.epa.gov/chemical-research/toxcast-dashboard) a nd
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ChEMBL (https://www.ebi.ac.uk/chembl/). It’s worth noting that three predictive models (AR, ERa,

GR) are built based on three in vitro assays: i) competitive binding assay, ii) reporter gene assay and

iii) cytotoxicity (Table 1). Whereas other predictive models (ERB, PR, MR, RARo/B/y, TRo/B, VDR)

are built based on t wo in vitro assays: i) reporter gene assay and ii) cytotoxicity. Therefore, the

predicted results of first three models are under the classical nuclear genomic mechanism, in which

ligand-NR binding directly and leading abnormal transcription, and the later couldn’t predict the

disrupting mechanism result from ligand-bound NRs (The detailed information is in Table 2).

Hierarchy fragment features built NRMEA, including primary fragment, secondary fragment, and

tertiary f ragment. Primary fragments ar e the es sential f eatures o f act ive co mpounds; s pecific

complex fragments sufficient for active compounds were further extracted based on the primary

fragments and were named as secondary fragments; and then the critical featured fragments about

three types of disrupting activities (agonist/a-anta/antagonist) were extracted and we named them

as tertiary fragment. Firstly, we took advantage of primary fragments to select compounds have the

possibility of being active. Secondly, compounds were screened by secondary fragments according

to their di fferent types of p rimary fragments. E ach c ompound c ontains primary and s econdary

fragments simultaneously, would be predicted as active compounds. Next, the types of disrupting

activities of identified active compounds would be distinguished based on their tertiary fragments

(Figure 1). This hierarchy fragments allow the exploration of a wide range of structurally diverse

active c ompounds w hich c ould bind t o r eceptors, and build up a n array of rules focusing on

Agonist/A-Anta/Antagonist disruption.



All of the chemical data were prepared by removing all false SMILES strings, and deleting all

duplicate compounds. Then, the data set was split randomly into training set and test set in the ratio

of 4:1 (KNIME Analytics Platform, https://www.knime.com/). The training set was used to provide

feature fragments and local physicochemical properties present across the completely active set.

The test set was used in the external validation. By using substructure frequency analysis (eq 1) and

substructure percentage analysis (eq 2), and PubChem fingerprint database was used to generate

primary fragments to describe active disruptors as much as possible. According to the structural

features, chemicals were divided into several subtypes based on their primary fragments. Then,

specifics econdary f ragmentsw ereg eneratedb yu sing SARpyso ftware

(https://www.vegahub.eu/portfolio-item/sarpy/). Active disruptors, containing primary and related

secondary fragments, were used to extracted disrupting tertiary fragments. Disruptors were clustered

according t o t heir pr imary a nd s econdary f ragments, t hen, t ertiary fragments were ex tracted

independently by using SARpy software.

(N}qragmentXNtOtal)
Frequency of a fragment = )
(Nfragment_totalXNA)

A 1
Nfragment or Nfragment (2)
Ny Ny

Percentage of a fragment =
Where NfAm gmene 1 the number of active compounds that contain this fragment, Nyopq; is the total
number of compounds in the dataset, Nrrqgment_ totar 18 the total number of compounds containing
this fragment, and N, is the total number of active compounds in the dataset. N}mgment is the
number of inactive compounds that contain this fragment and N; is the total number of inactive

compounds in the dataset.



1.3 Applicability Domain

NRMEA is built on the base of hierarchy featured fragments, thus diverse compounds can be
predicted except for mixtures, and we pose model into two steps.

- Small molecules with known experimental value.

If the predicted compound is the same with compounds in the dataset used to build the model, whose
experimental values and predicted values will be written.

- Small molecules with unknown experimental value.

If the predicted compound isn’t the same with compounds in the dataset used to build the model,

the prediction will be extrapolated by model.

1.4 Hierarchy featured fragments for 12 nuclear receptors-mediated

compounds.

The model goes through three types of featured fragments. The hierarchy featured fragments are the

following Table 3-14.

1.5 Hierarchy screening workflow for 12 nuclear receptors-mediated

compounds.

The model goes through three types of featured fragments. The hierarchical featured fragments-

based screening workflow are the following Figure 2-13.



1.6 Model statistics.

Following, statistics obtained applying the model to its original dataset (Table 15, Figure 14-15).

2. Model usage

2.1 Input

Select a single structural file or a directory containing the molecules' structural files. Most common
file formats (e.g. CSV) are supported, or you can input smile directly into the table. In order to

obtain a standardized representation of compound, canonical smiles should be used firstly.

2.2 Select models and prediction

We have two kinds of different prediction modules. First, if you input one chemical, select one or
several NR models that you wanna know, and click the bottom “Prediction”, predicted results will

be got finally.

2.3 Output

The predicted results will be saved to software, automatically. Secondly, click the bottom “Save

Predictions”, the results will be saved as data file of “results.xIsx” (Figure 19). The results includes
6



6 parts: 1) the model you use; 2) active/inactive prediction; 3) primary fragments that compound
has; 4) secondary fragment that compound has; 5) agonist/a-anta/antagonist prediction; 6) tertiary
fragment that compound has. Additionally, if you input a list of chemicals, the predicted results will
be saved to data file of “results.xlsx” in the same way. However, subsequent rows will contain the
predicted results for one molecule per row. The first column is the molecule's name, which is either

obtained from the structural file. Subsequent columns are the predicted results for the molecules.

3. Differences from other softwares.

NRMEA is the first so ftware built by hierarchy featured fragment, and established the d irect

relations
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Figures

Figure 1. Hierarchy featured fragment-based screening workflow of NRMEA.

Figure 2. The detailed screening workflow of Estrogen Receptor Alpha (ERa).

Figure 3. The detailed screening workflow of Androgen Receptor (AR).

Figure 4. The detailed screening workflow of Estrogen Receptor Beta (ERb).

Figure 5. The detailed screening workflow of Glucocorticoid Receptor (GR).

Figure 6. The detailed screening workflow of Mineralocorticoid Receptor (MR).

Figure 7. The detailed screening workflow of Progesterone Receptor (PR).

Figure 8. The detailed screening workflow of Retinoic Acid Receptor Alpha (RARa).

Figure 9. The detailed screening workflow of Retinoic Acid Receptor Beta (RARD).

Figure 10. The detailed screening workflow of Retinoic Acid Receptor Gamma (RARg).

Figure 11. The detailed screening workflow of Thyroid Hormone Receptor Alpha (TRa).

Figure 12. The detailed screening workflow of Thyroid Hormone Receptor Beta (TRb).

Figure 13. The detailed screening workflow of Vitamin D Receptor (VDR).

Figure 14. Performance of active/inactive prediction of external and internal validations for training
set and test set of our 12 nuclear receptor featured fragments-based screening models.

Figure 15. Performance of agonist/a-anta/antagonist prediction of external and internal validations

for training set and test set of our 12 nuclear receptor fragments- based screening models.



19  Figure 1.

Hierarchy featured fragment-based screening workflow
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Secondary fragments
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Active

!

Tertiary fragments

Criterion 3: tertiary fragments decide the disrupting
activities of active compounds

}yes

Agonist A-Anta Antagonist

! Prediction category

! Active: chemicals have potential disrupting activities.

Inactive: chemicals are non-toxic.

i Agonist: Active chemicals can only mimic natural hormone’s action.

i A-anta: Active chemicals not only can mimic but also can antagonize natural hormone’s action.
20 iLAntagonist: Active chemicals can only antagonize natural hormone’s action.
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Figure 2.

Estrogen Receptor Alpha Screening Workflow
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25  Figure 3.
Androgen Receptor Screening Workflow
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Figure 4.

Estrogen Receptor Beta Screening Workflow
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Figure 5.

Glucocorticoid Receptor Screening Workflow

Input compound's SMILE

Whether have one of
& primary fragments?

No

1
: | Inactive
1

1

Yes

————————————
1= ctive
Whather have one of Yes | Whether have one of secondary |

primary fragments of Type 17 I
[

fragmentsoftype 112 | M@
1

Workflow 1
Inactive |

eS| Active |+ Workflow2

No
Whether have one of Yes ‘Whether have one of ¥
prnimary fragments of Type 27 — fragments of type 2-1 7 _MNe

Workflow 1

| Whether contain one of

Yes = | Whether contain one of | Yes .
I Typa 1-1-1 tertiary — Agonist [ Type 2-1-1 tartiary — Agonist
Lo dmomakt Lo frogments 2
R o
| Whather contain one of  1yeo o | Whelher contain one of | oo | Whether contain one of | yes
I Type 1-1-2 tertiary L | A-Anta | I Type 2-1-2 tartiary | | Type 2-1-2-1tetiary  |——
(SRR o oS i [y | (ISR
R :[ No | No
| Whather contain on@ of | yas | Whather contain one of | Yeg
| Type t-t-3teiary  l——;  Type 1-1-3-1 lettiary | Agonist A-Anta
,____iruirm;nE‘i___l I fragments 7 | B
|No o xNo
| Whether contain one of |
| Antagonist | I Type 2-1-3 tartiary |
I fragments? !
No Yes
| Whelher cotain one of | yeg | o 7 Whaihar contein one of

Whether contain one af
Type 1-1-4-1 fragments?

Agonist

! Whether contain cne of
I Type 1-1-5 fragments?

Yes
| Agonist |

Whather contain one of  Yes |

I
I Type tdbRtetary A-Anta

| Antagonist |

Inactive

Workflow 2

Yes |

Type 2-1-3-1 tertiary A-Anta
fragments?

13

Antagonist



34 Figure 6.

Mineralocorticoid Receptor Screening Workflow
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38  Figure 7.

Progesterone Receptor Screening Workflow
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41  Figure 8.
Retinoic Acid Receptor Alpha
Screening Workflow
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44 Figure 9.

Retinoic Acid Receptor Beta
Screening Workflow
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47  Figure 10.

Retinoic Acid Receptor Gamma
Screening Workflow
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50  Figure 11.

Thyroid Hormone Receptor Alpha
Screening Workflow
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53 Figure 12.

Thyroid Hormone Receptor Beta
Screening Workflow
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56  Figure 13.

Vitamin D Receptor Screening Workflow
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Figure 14.
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Active/lnactive Training Set Results
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Figure 15.
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Agonist/A-Anta/Antagonist Prediction Results
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Tables

Table 1. ToxCast/Tox21 database and ChEMBL database In Vitro Assays Used in 12 NRs Activity

Data Collection

TOX21 GR BLA Antagonist ratio

ERa
Assay Name Species Type
NVS NR hER Competitive binding
TOX21_ERa BLA Agonist ratio receptor gene
ToxCast/Tox21 TOX21 ERa LUC BG1 Agonist Homo receptor gene
TOX21 ERa BLA Antagonist ratio sapiens receptor gene
TOX21 _ERa LUC BGI1_Antagonist receptor gene
NCCT_HEK293T CellTiterGLO cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
ERp
Assay Name Species Type
ToxCast/Tox21 NVS NR hER Homo | Competitive binding
NCCT_HEK293T CellTiterGLO sapiens cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
AR
Assay Name Species Type
NVS NR hAR Competitive binding
Tox21 AR BLA Agonist ratio receptor gene
ToxCast/Tox21 Tox21 AR _BLA Antagonist ratio Homo receptor gene
TOX21 AR LUC MDAKB2 Agonist | sapiens receptor gene
TOX21 AR LUC MDAKB2 Antagonist receptor gene
NCCT_HEK293T CellTiterGLO cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
GR
Assay Name Species Type
NVS NR hGR Competitive binding
ToxCast/Tox21 - - Homo
TOX21 GR BLA Agonist ratio . receptor gene
sapiens

receptor gene
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NCCT_HEK293T CellTiterGLO cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
MR
Assay Name Species Type
ToxCast/Tox21 NVS NR rMR Homo | Competitive binding
NCCT_HEK293T CellTiterGLO sapiens cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
PR
Assay Name Species Type
ToxCast/Tox21 NVS NR _hPR Homo | Competitive binding
NCCT_HEK293T CellTiterGLO sapiens cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
RARa
Assay Name Species Type
ATG RARa TRANS up receptor gene
ToxCast/Tox21 Homo
ATG_RARa TRANS dn . receptor gene
NCCT_HEK293T CellTiterGLO SApIEns cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
RARP
Assay Name Species Type
ATG RARb TRANS dn receptor gene
ToxCast/Tox21 Homo
ATG RARb TRANS up . receptor gene
NCCT_HEK293T CellTiterGLO SapIens cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
RARYy
Assay Name Species Type
ATG _RARg TRANS up receptor gene
ToxCast/Tox21 Homo
ATG_RARg TRANS dn . receptor gene
NCCT_HEK293T CellTiterGLO SApIEns cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
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TRa

Assay Name Species Type
TOX21 TR LUC _GH3 Agonist receptor gene
ToxCast/Tox21 - Homo
TOX21 TR LUC_GH3 Antagonist . receptor gene
NCCT_HEK293T CellTiterGLO SapIens cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
TR
Assay Name Species Type
TOX21 TR LUC _GH3 Agonist receptor gene
ToxCast/Tox21 - Homo
TOX21 TR LUC GH3 Antagonist . receptor gene
NCCT_HEK293T CellTiterGLO SApIEns cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
VDR
Assay Name Species Type
TOX21 VDR BLA agonist ratio receptor gene
ToxCast/Tox21 - - Homo
TOX21 VDR BLA antagonist ratio . receptor gene
NCCT_HEK293T CellTiterGLO SapIens cytotoxicity
Activity comment Species Assay type
ChEMBL Binding affinity Homo B
Agonist/Antagonist sapiens F
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Table 2. Statistical D ata o f C hemicals U sed in the Training Sets and the Test Sets of 12 NRs

Active/Inactive
ERa
Active )
- - Inactive
Agonist A-Anta Antagonist
Training Set 338 155 290 1186
ToxCast/Tox21
Test Set 86 39 74 290
ChEMBL
Total 424 194 364 1476
ERp
Active .
- - Inactive
Agonist A-Anta Antagonist
Training Set 295 60 102 1996
ToxCast/Tox21
Test Set 74 14 26 500
ChEMBL
Total 369 74 128 2496
AR
Active )
- - Inactive
Agonist A-Anta Antagonist
Training Set 106 242 349 1592
ToxCast/Tox21
Test Set 21 60 78 395
ChEMBL
Total 127 302 427 1987
GR
Active .
- - Inactive
Agonist A-Anta Antagonist
Training Set 236 326 40 1495
ToxCast/Tox21
Test Set 59 81 10 373
ChEMBL
Total 295 407 50 1868
MR
Active )
- - Inactive
Agonist A-Anta Antagonist
Training Set 21 23 349 1994
ToxCast/Tox21
Test Set 6 6 75 499
ChEMBL
Total 27 29 424 2493
PR
Active .
- - Inactive
Agonist A-Anta Antagonist
Training Set 164 116 123 1942
ToxCast/Tox21
Test Set 39 29 33 485
ChEMBL
Total 203 145 156 2427
RAR«
Active Inactive
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Agonist A-Anta Antagonist
Training Set 392 20 79 2387
ToxCast/Tox21
Test Set 99 5 23 596
ChEMBL
Total 491 25 102 2983
RARP
Active .
- - Inactive
Agonist A-Anta Antagonist
Training Set 244 - 127 2515
ToxCast/Tox21
Test Set 62 - 33 630
ChEMBL
Total 306 - 160 3145
RARy
Active )
- - Inactive
Agonist A-Anta Antagonist
Training Set 226 - 75 2548
ToxCast/Tox21
Test Set 56 - 20 637
ChEMBL
Total 282 - 95 3185
TRa
Active .
- - Inactive
Agonist A-Anta Antagonist
Training Set 79 - 21 4760
ToxCast/Tox21
Test Set 20 - 5 1190
ChEMBL
Total 99 - 26 5950
TR
Active )
- - Inactive
Agonist A-Anta Antagonist
Training Set 91 - 30 4760
ToxCast/Tox21
Test Set 23 - 7 1190
ChEMBL
Total 114 - 37 5950
VDR
Active .
- - Inactive
Agonist A-Anta Antagonist
Training Set 262 31 427 5272
ToxCast/Tox21
Test Set 62 9 110 1319
ChEMBL
Total 324 40 537 6591
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Table 3. The hierarchy featured fragments of Estrogen Receptor Alpha (ERa).

Primary fragments (n=20)

C(c2cec(O)ec2)c2ece(O)ec2
Cnlccecl
CCCC(C)cleceecel
NCCc2ccc(O)cc2
Oclece(Ce2cecece2)ecl
cleece(Cl)clC
Oclcee(cel)C(=Cclcececl)
Oclece(CC(c2cecec2))ecl
Oclecc2C(N(CCe2cl))
CCCCCcleec(O)ecl
cleec(cel)clcoc2e(cece2)el
Oclece(ecl)cleocelclececel
Oclece(ecl)Scleec(O)ecl

clee(=0)c2c¢(O)ce(O)ec2ol

clesc(el)cleececl
Oclece(ccl)C(=Nclccecel)
nlenc2cec(O)cec2el
clesceleleceecl
Oclcece(cel)eleccecl
CCC(=C(clccecel))
nlce(ce2eececl2)cleceeel
CC(cleee(O)ecl)clece(O)eel
Oclcce(cel)nlec2eceee2nl
C(C)OC(=0O)clcee(O)ecl
COclcenc(OC)nl
Oclcee(CCCe2cecc(0O)ec2)c(O)el

Oclece(ecl)cloc(cel)cleececl

Type 1 (n=6) Type 2 (n=4) Type 3 (n=5) Type 4 (n=5)
0-C:C-[#1]
0-C=C-C C=C-C=C
C-C:C-O-[#1] C:C-C-C
0-C-C=C [#1]-C=C-[#1]
0-C:C-C C:C-C:.C
O-C-C-C=C C=C-C-C-C
0-C:C:C-C C:C-C=C
C-C-C-O-[#1] C-C(C)-C-C
0-C-C:C C-C:.C:C-C
0O-C-C-C-C C-Cc-c-c-c-c-C
0-C-C-C:C
Secondary fragments (n=38)
Type 2-1 (follow | Type 3-1 (follow type
Type 1-1 (follow type 1 primary fragments) P (, P . ( P
(n=27) type 2 primary 3 primary fragments)
fragments) (n=7) (n=3)
C=Ccc=cccece

CC1CCC(=0)C(Cl)

CClICcccee(cnco)ce

CCC(=C)clececcel
clee(C)ne(NC)nl
CCNI1CCc2c¢([nH]c3cccec23)

Cl1

Type 4-1 (follow type
4 primary fragments)
(n=1)

C(=0)ccececececccco
CS(=0)(=0)
Cclececee(cl)cleceeel

CNC(=N)NCCC

cceececcececececececece

Tertiary fragments (n=65)

Type 1-1-1 (follow type
1-1 secondary
fragments) (n=4,
Target: Antagonist)

Type 1-1-2 (n=4,
Target: Agonist)

Type 1-1-3 (n=5)

Type 1-1-3-1 (n=4,
Target: A-Anta)

Oclcec2C(N(CCe2cl))
Oclece(ccl)nlee2eecee2nl
nlenc2cec(O)cec2el

COclcenc(OC)nl

Ocleee(CCCe2ccc(0)ec2)c(O)cl
Oclccee(cel)cloc(cel)cleeeeel
Oclece(ecl)cleocelclececel

nlce(ce2eececl2)clececel

Oclcee(cel)C(=Nclcceeel)
clescelelecccel
Oclece(ecl)clececel
C(C)OC(=O)clece(O)cel

clee(=0)c2¢(O)ce(O)ec2ol

Oclcee(cel)C(=N)cleee(O)eel
cleec(OCC(=0)0)ccl
C(CC)COC(=0)clcee(O)ecl

clcoc2e(c(O)ee(0)e2)c1=0

Type 1-1-3-2 (Target:
Agonist)

Type 1-1-4 (n=3)

Type 1-1-4-1 (n=2,
Target: Antagonist)

Type 1-1-4-2 (Target:
Agonist)

If compounds at least contain one of
the type 1-1-3 fragments while don’t

contain any type 1-1-3-1 fragments,

Cnlccecl
cleeee(Cl)elC

clesc(el)eleececl

CCCCCNCC

Clclee(Cl)e(ccl)

If compounds at least contain one
of the type 1-1-4 fragments while

don’t contain any type 1-1-4-1
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they will be defined as Agonists.

fragments, they will be defined as

Agonists.
Type 1-1-5 (n=1, Type 1-1-6-2
P ( Type 1-1-6-1 (n=9, P Type 1-1-6-3 (Target:
Target: A-Anta) . (n=13, Target:
Target: Antagonist) ) A-Anta)
CC(cleee(O)eel)elece(O)ecl Agon]st)
CCE=0)CC
con

Type 1-1-6 (n=10)
CCCC(C)cleeecel
NCCc2ccc(O)ce2
Oclcee(Ce2ccece2)ccl
Oclcce(cel)C(=Ccleeceel)
Ocleee(CC(c2cecec2))eel
CCCCCcleee(O)ecl
cleee(eel)elcoc2e(ceee2)cl
CCC(=C(clcceccel))
Oclecee(eel)Scleec(O)ecl

C(c2cec(O)ec2)c2ece(O)ee2

OC(=0)C=Cclcce(C)ecl
CCN(C)cccecee
clee(CC)e(O)ecel
ccceecesce
C(cleee(O)ecl)elece(OC)cel
C(cleee(O)ecl)elece(C)ecl
ONC(=0)CCCCCCC(=0)N
OC(=0)C=Cclcccecl

OCCo

Ocleec20C(C(Se2el)elecee(
O)cl)
Oclcee(cel)C1Sc2ece(O)cc2
0OCl
OC(CCCCC)clececel
CNC(=0)C
C(C#C)C
CC(Cclececel)cleee(O)ecl
Oclcee(C(=0)c2cceee2)e(O)e
1
OclceeeclCl
Cclee(O)ceclCC
CCN2CCCCC2
Oclece(C=C(C)c2ccc(O)cc2)e

cl

If compounds at least contain one
of the type 1-1-6 fragments while
don’t contain any type 1-1-6-1 and
type 1-1-6-2  fragments, they will

be defined as A-Anta

Type 2-1-1 (follow type
2-1 secondary
fragments) (n=2,
Target: Antagonist)

Type 2-1-2 (n=1,
Target: A-Anta)

Cclccee(cl)cleceeel

Type 2-1-3-1 (n=2,
Target: Agonist)

Type 2-1-3-2 (Target:
Antagonist)

clec(C)ne(NC)nl

CCNI1CCc2¢([nH]c3ceeee23)Cl

Type 2-1-3 (n=4)
CCC(=C)eleccccl
C(=0)CCCCCeCCeco
CS(=0)(=0)

CNC(=N)NCCC

CCC(=C)clcececcl

C(=0)ccecececceccco

It compounds at least contain one

of the type 2-1-3 fragments while
don’t contain any type 1-1-3-1
fragments, they will be defined as

Agonists.

Type 3-1-1 (follow type
3-1 secondary
fragments)

Type 4-1-1 (follow
type 4-1 secondary
fragments)

All compounds which meet one of the
type 4-1 secondary fragments will be

defined as Agonist

All compounds which meet one of
the type 4-1 secondary fragments

will be defined as A-Anta
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Table 4. The hierarchy featured fragments of Androgen Receptor (AR).

Primary fragments (n=18)

Type 1 (n=6) Type 2 (n=3) Type 3 (n=6) Type 4 (n=3)
N-C:C-C N-C=C-[#1]
N-C:C-[#1] N-C-C=C
C:c-c-C C-C(C)-C-C
C-N-C:C C-N-C-[#1]
C:C-C=C C=C-C=C
N-C-C:C C-C-N-C-C
C:.C-C:C c-c-c-c-c-c-C
C-N-C-C:C C-N-C-C-C
N-C-C-C:C N-C-C-C-C
Secondary fragments (n=29)

Type 1-1 (follow type 1 primary fragments)
(n=14)

Type 2-1 (follow type
2 primary fragments)
(n=8)

clece2ncce(c2e1)C
clece(ce1)CEN
CN(clece(ce)[N+](=0)[O-])
CCICNC(=0)C1
CC1=CC(C)(C)Ne2cec(cel2)
Celee(e(C)nl)clece(ccl)

CN(CCO)C(=0)

FC(F)clce(=0)oc2ce3NCCCe3ec]2
Cnlee(Ne2ece(ce2))ec 1 C(=0)
clee(c(enl)CHN)C
CN(CC(F)(F)F)el cce2[nH]e(=0)cc(
c2el)
Neleee(C)e(c)CF)F)F
c(ceciceecne

cleee(C=N)ccl

N#Ccleee(ecl)
c2cec(C)e(c2)C(F)(F)F
CC(C)o)e(cec
cleeeec1C1=NOC2CCCCC12
COclcceccc1CHN
CC(cleececl)clece(O)eel
cleec(OCCN(C)C)ecl

Feleee(cc1C(F)(F)F)

Type 3-1 (follow
type 3 primary
fragments) (n=3)
CCONC(=0)CCCOCC
NC(=0)CCCCCCCCCe
CCONQC(=0)C
Type 4-1 (follow
type 3 primary
fragments) (n=4)
CCCOCCCOCCOCC(=0)C=C
c
CCCCC(CCCCF)C)CE0)
CCCOCCCOCCeee=Cee

ccceeececececcececce(=o)e

Tertiary fragments (n=47)

Type 1-1-1 (follow
type 1-1 secondary
fragments) (n=2,
Target: A-Anta)

Type 1-1-2 (n=4,
Target: Antagonist)

Type 1-1-3 (n=1,
Target: A-Anta)

Type 1-1-4 (n=2)

Cclee(e(C)nl)cleec(ccl)
FC(F)clce(=0)oc2ce3NCCCe3ecl

2

cleee(C=N)ccl
CC1=CC(C)(C)Nc2cce(cel2)
Cnlcc(Nc2ecee(cc2))ec 1 C(=0)

clee(e(enl)CH#N)C

CN(CC(F)(F)F)elcec2[nH]e(=0)cc(

c2cl)

CCICNC(=0)Cl

CN(CCO)C(=0)

Type 1-1-4-1 (n=6,
Target: Agonist)

Type 1-1-4-2 (Target:
Antagonist)

Type 1-1-5 (n=5)

Type 1-1-5-1 (n=3,
Target: Agonist)

Cclec(ceel)CHN
CNIC(=O)N(C(=0)C1(CO)clccec
cl)
COclce(ccelC)
Cclce(ceelBr)

CI(CON(C)C(=0)N(C1)

N2C(=0)C3C4CCC(C=C4)C3C2=

If compounds at least contain one of
the type 1-1-4 fragments while don’t
contain any type 1-1-4-1 fragments,

they will be defined as Antagonists.

c(ccieeecenc
cleee2nece(c2cl)C
cleee(cel)CHN
CN(clece(ecl)[N+](=0)[O-])

Ncleee(C)e(cl)C(F)(F)F

CC1COc2cc3[nH]c(=0)cce(c3ce
2N1)
Cc3cnenc3
Oclee(c2ce3C4CCCCC4ANc3cee

2nl)
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(0]

Type 1-1-5-2 (n=12,
Target: Antagonist)

CCCNC(=O)N
CCCNelcoe2c(ce(=0)[nH]e2e1)C(
F)(F)
CCICC(C)(C)Ne2ee3neee(c3oc]2)
Cnle(=0)cc(c2cc3CCC(C)(C)NE3
cel2)
clecee2ececc]2
FC(F)(F)clee(=0)[nH]c2ce(NC)ee
cl2
NC3CCCCe3
CCC(C)CON
CCI(CN(CCCO)C(=8)N(C1=0)
[O-][N+](=O)clcce(cc1)N(C)
nlc(=0)cc(c2ce3CCNe3ee12)C(F)
(F)F

CS(=0)(=O)clcececl

Type 1-1-5-3 (Target:
A-Anta)
If compounds at least contain one of
the type 1-1-5 fragments while don’t
contain any type 1-1-5-1 and type 1-
1-5-2 fragments, they will be

defined as A-Anta

Type 2-1-1 (follow
type 2-1 secondary
fragments) (n=7,
Target: Antagonist)
N#Celeee(cel)
c2cee(C)c(c2)C(F)(F)F
clceecec1C1=NOC2CCCCC12
COclcccec1CHN
CC(cleeecel)elece(O)eel
¢1eece(OCCN(C)C)ecl

Fclcee(cc1C(F)(F)F)

Type 2-1-2 (n=1)

CC(C)(C)C(CO)C

Type 2-1-2-1 (n=1,
Target: Agonist)

CC1(C)CCC(=Ce2cccec2)C1(0)

Type 2-1-2-2 (Target:
A-Anta)
If compounds at least contain one of
the type 2-1-2 fragments while don’t
contain any type 2-1-2-1 fragments,

they will be defined as A-Anta

Type 3-1-1 (follow
type 3-1 secondary
fragments) (n=1,
Target: A-Anta)
NC(=0)ccceececceccce
Type3-1-2 (n=2,
Target: Agonist)
CCCNC(=0)ccceecee
CC(C)N(C)C(=0)C
Type 4-1-1 (follow
type 4-1 secondary
fragments) ( Target:
A-Anta)

All compounds which meet one
of the type 4-1 secondary
fragments will be defined as A-

Anta
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Table 5. The hierarchy featured fragments of Estrogen Receptor Beta (ERD).

Primary fragments (n=16)

Type 1 (n=7) Type 2 (n=6) Type 3 (n=3)
0-C:C-[#1]
O-C=C-C
0-C:C-C
O-C-C=C
C-C:C-O-[#1] [#1]-C=C-[#1]
C=C-C-O-[#1]
Ccleee(O)ecl C-C(C)-C-C
0O-C-C-C=C
0-C:C:C-C C-Cc-c-c-c-Cc-C
C-C-C-O-[#1]
0-C-C:C
0O-C-C-C-C
0-C-C-C:C

Secondary fragments (n=29)

Type 1-1 (follow type 1 primary fragments)
(n=23)

Type 2-1 (follow
type 2 primary
fragments) (n=2)

Type 3-1 (follow type
3 primary fragments)
(n=4)

CC(=C)clcec(O)ecl
Oclcce(cel)C(=Ncleceeel)
nlenc2cc(O)cec2el
Ccleec(OCCN2CCCCC2)ecl
cleee(sl)cleececl
CCl12CCC(ccIcee?)
nlce(c(=0)c2cecec]2)clecc(O)e
cl
Oclccc2C(N(CCce2cl)clececel)
Oclccce(cel)cloc(cel)
Oclcece(ccl)cloc2e(ce(O)ee2nl)

OC(CC(=0))clccecel

Oclece(ecl)clece2ec(O)cec2el
Oclcce(cel)nlec2eccec2nl
CCC(=Cclcee(O)eel)
Oclccc(CC(C#N)c2cecec2)ecl
CC(Ccleee(O)ecl)cleee(O)enl
ON=Cclccce(cl)clcececl

Oclcee(CCe2cccec2)cel
Oclece(ecl)cleocelclececel
CCC2=NOC(C2)
clece(O)celF
C=Cc2cc(O)ccc2

C(CCclcceecl)CC(=0)

CC#C

cce=C

CCC12CCCC=Clclcec3[nH]nnc3cl
C2
CCCl12CCCC=Clclcce3[nH]nce3cl
C2
ON=Cclccce(cl)cleeceel

¢lee(NCC(C)C)ne(NCC(C)C)nl

Tertiary fragments (n=32)

Type 1-1-1 (follow
type 1-1 secondary
fragments) (n=13,
Target: Agonist)

Type 1-1-2  (n=3,
Target: Antagonist)

C(CCclcececl)CC(=0)
cleec(O)eclF
cleee(sl)cleececl
CCl12CCC(CccIcee?)
nlce(c(=0)c2cecec]2)clece(O)e
cl
Oclccce(cel)cloc(cel)
Oclcece(ecl)cloc2e(ce(O)ee2nl)
Oclcce(cel)cleec2ec(O)cec2el
Oclcce(CC(C#N)c2cecec2)ccl

CC(Cclece(O)ecl)clece(O)enl

nlenc2cc(O)cec2el
Oclecc2C(N(CCe2cl)clececel)

Oclcce(cel)nlec2eccec2nl

Type 1-1-3 (n=1)

Oclcee(cel)C(=Ncleceeel)

Type 1-1-3-1 (n=1,
Target: Agonist)
C10c2cc(O)ceec2N=Clclcec(O)e

cl

Type 1-1-3-2
(Target: A-Anta)
If compounds at least contain one
of the type 1-1-3 fragments while
don’t contain any type 1-1-3-1
fragments, they will be defined as

A-Anta

Type 1-1-4 (n=2,
Target: Agonist)

Ccleec(OCCN2CCCCC2)ecl

OC(CC(=0))cleececl
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ON=Cclccee(cl)cleececl
Oclcee(ecl)eleoccleleccecl

CCC2=NOC(C2)

Type 1-1-5-3 (Target:

Type 1-1-5 (n=4)

Type 1-1-5-2 (n=1,

Type 1-1-5-1 (n=3,
Target: Antagonist)

Target: A-Anta)

Agonist)

Oclece(CCe2ccecc2)ccl
C=Cc2cc(O)ccc2
CC(=C)clcec(O)ecl

CCC(=Cclcee(O)eel)

Oclcee(cel)C(=CICCCCCI)

ONC(=0)CCCCCCC(=0)N C1=C(c2cccee2)c2ece(O)ec2Cl

C(=0)CCCCCCC(=0)Nelcce(cel)

If compounds at least contain one of

the type 1-1-5 fragments while don’t

contain any type 1-1-5-1 and type 1-
1-5-2 fragments, they will be

defined as Agonists

Type 2-1-1 (follow
type 2-1 secondary
fragments)

Type 3-1-1 (follow
type 3-1 secondary
fragments) (n=2,
Target: Agonist)

Type3-1-2 (n=1,
Target: A-Anta)

Type3-1-3 (n=1,
Target: Antagonist)

All compounds which meet one
of the type 2-1 secondary

fragments will be defined as

Agonist

CCCl12CCCC=Clclcce3[nH]nnc3cl

C2
ON=Cclccce(cl)cleeceel

CCC12CCCC=Clclcec3[nH]nce3cl

C2

¢1ee(NCC(C)C)ne(NCC(C)C)nl
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Table 6. The hierarchy featured fragments of Glucocorticoid Receptor (GR).

Primary fragments (n=6)

0O-C-c-c-c-c-c-C
0O-C-C-C-C-C(C)-C

Type 1 (n=4) Type 2 (n=2)
0-C-C-C:C
0-C-C-C=C C-C(C)-C-C

C-c-c-c-c-c-c-C

Secondary fragments (n=23)

Type 1-1 (follow type 1 primary fragments)

Type 2-1 (follow type 2 primary fragments)

CClcceez2=cecececi2

clec2¢(NC(C)(C)C(=0)C2(C)C)ecl
CCCCCCOC(=0)clece(O)eel

(n=17) (n=6)
clee(Cl)e(ec1)C(C)
cleeeec1C(C)CC(C)(O)C

CCC(0)(CCO)C(=0)

CCclec(cecl)clececeel clenn(cl)clececel

C(Cnlcencl)
CC(C)(C(clececeel))C CC(C)NS(=0)(=O)clcceccl
CCC(=C(cleccecel))cleceeel
c2cnn(c2)c2ccecc2

CI1CC(C)(C)Nc2cee(ecl2)
CC(C)(C(cleeeec]))C(=O)N

Antagonist)

CCCCCICCCc2cccccl2 cceeecececcecececcce
CC(clcececl)clece(O)eel
C(C)(C)CC(O)C(F) [N+](CCO)CC
C(O)(cleceeel)eleceeel
S(=0)(=0)NC(COclccecel)C
Cclee(I)e(O)e(I)cl
Tertiary fragments (n=29)
Type 1-1-1 (follow
ty}gZ: 1-1 sec(ondary Type 1-1-2 (n=1 Typel-1-3-1
_ ’ Type 1-1-3 (n=2) (n=1, Target:
fragments) (n=1, Target: A-Anta) .
’ . Agonist)
Target: Agonist)
CCC(=C(cleccecel))cleceeel
S(=0)(=0)NC(COclccecel)C clee2e(NC(C)(C)C(=0)C2(C)C)ecl cleee(OC)ecl
Cclee(I)e(O)e(I)cl
Type 1-1-3-2 (Target: Type 1-1-4-1 (n=14 Type 1-1-4-2
ype 1-1-3-2 (Targe Type 1-1-4 (n=7) ype (n=14, ype

Target: A-Anta)

(Target: Agonist)

If compounds at least contain one

of the type 1-1-3 fragments while

C(Cnlcencl)
CCCCCCOC(=0)cleee(O)ecl
clcecec1C(C)CC(C)(O)C

C(0)(CC=C)
CC(C)(Ccelcee(O)ecl)
OC(=O)N
clenencl
cleee(C(=0))c(F)cl
c2c¢(C)e3NC(C)(C)CC(C)e3c2Cl
C(clceecec]l)C(C)(C)C(=O)Nclnnesl

If compounds at least

contain one of the type 1-

1-4 fragments while don’t
don’t contain any type 1-1-3-1 CCclece(ceel)cleccecl
Cclenn(cl)clece(F)ecl contain any type 1-1-4-1
fragments, they will be defined as CC(C)(C(cleceeel))C
clec(O)c(O)ccl fragments, they will be
Antagonists. c2cnn(c2)c2ecece2
C=C(C)C defined as Agonists.
C(C)(C)CC(O)C(F)
CCclcce(celF)
CC(C)CI(C)CCCc2cccccl2
clece(cel)C(cleeecel)
CCI(CC(0)C)CCCc2cccccl2
Type 1-1-5-3
Type 1-1-5-1 (n=3, Type 1-1-5-2 (n=5, M
Type 1-1-5 (n=6) . (Target:
Target: Agonist) Target: A-Anta) .
Antagonist)

Cc1ccececez=cececc12

CCCCC1CCCc2cccccl2
clee(Cl)e(ecl)C(C)
CCC(0)(CC)C(=0)

CC(clceceel)clece(O)eel

C(O)(cleeceel)eleccecl

clece(F)nel
OcCcc(o)coc
CC(cleeccel)cleececl

CC1(0O)CCC2(C)C(CCe3ec(0)eee23)Cl
CCCI12CC(0)C(CCICCelec(O)cee2l)
C(0)C1CCeC2=CC(=0)CCcI2C
CClccee2=ce(=o)cecnze
clec(ccclO0)C

If compounds at least
contain one of the type 1-
1-5 fragments while don’t
contain any type 1-1-5-1

and type 1-1-5-2
fragments, they will be

defined as Antagonists

Type 2-1-1 (follow

type 2-1 secondary

Type 2-1-2 (n=2)

Type 2-1-2-1 (n=2,

Target: Antagonist)

Type 2-1-2-2

(Target: A-Anta)
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fragments) (n=1,
Target: Agonist)

CC(C)NS(=0)(=O)clcceccl

C1CC(C)(C)Nc2ecee(cel2)
cceeecececececececcec

CCCCCCCCCCCCCC
CC1(C)Ne2e3CCCe3e(cc2C(C)(C)C1=0)

If compounds at least
contain one of the type 2-
1-2 fragments while don’t
contain any type 2-1-2-1

fragments, they will be

defined as A-Anta

Type 2-1-3 (n=3)

Type 2-1-3-1 (n=3,
Target: A-Anta)

Type 2-1-3-2 (Target:
Agonist)

clenn(cl)clececel
CC(C)(C(cleceeel ))C(=0)N
[N+](CO)CC

CC(CNC(=0))C(clcececl)
clcec2e(nen2cl)

CC(CNS(=0)(=0)C)C(clececel)

If compounds at least contain one of the
type 2-1-3 fragments while don’t contain
any type 2-1-3-1 fragments, they will be

defined as Agonist
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Table 7. The hierarchy featured fragments of Mineralocorticoid Receptor (MR).

Primary fragments (n=18)

Type 1 (n=9) Type 2 (n=9)

N-C:C-C N-C=C-[#1]
0O-C-C:C 0O-C-C-C-C

C-N-C:C N-C-C=C
O-C-C:C-C O-C-C=C

N-C:C:C-C N-C-C-C-C
0O-C-C-C:C O-C-C-C=C

N-C-C:C C-N-C-C-C
N-C:C-[#1] C-N-C-[#1]

N-C-C-C:C C-C-N-C-C

Secondary fragments (n=22)

Type 1-1 (follow type 1 primary fragments) (n=21)

Type 2-1 (follow

type 2 primary
fragments) (n=1)

CC20C(=0)N(C)C2
CI=NN(C(C1))elcce(ce])C
CC1=CC(C)(C)Ne2cec(cel2)
Cnlnce(c2ccc30CC(=0)Ne3e2)e
1
CC(C)(C(cloceecl ))CN
COC(=0)C1=CNC(=C(C)C1)C

CC(C(clcceeel))C(=O)N

clee(CC2CCCCC2(C))eeel
Cnlcc(c2cec(ce2)C#N)c2eccec]2
CC=CCC(F)C(F)(F)
CC1Cc2cc3c(cene3ce2N1)C(F)(F)F
C1OCC(=0O)Nc2ccec(ccl2)
CI=NN(C(C1)C1CCCCl)
CI=NN(C(Cl)clcec(F)eel)elecece

1

C(clcececl)ele[nH]c2cecec12
CICCNc2cc3oc(=0)ce(c3ccl2)
CCI1(C)OCNc2cce(ccl2)
Ocleec2¢(CCC3=CC(=0)CCC23C)
cl
OC(C)clecesl
CC2C(=C)CCCC2(C)

c2ccc30CC(=0)Nc3c2

CC1=C(C(C(=C(C)N1)C)el ccece

)

Tertiary fragments (n=22)

Type 1-1-1 (follow type 1-1 secondary
fragments) (n=15, Target: Antagonist)

Type 1-1-2 (n=1,
Target: A-Anta)

Type 1-1-4 (n=2)

CC2C(=C)CCCC2(C)
CC20C(=0)N(C)C2
C1=NN(C(Cl))clcee(cel)C
COC(=0)CI=CNC(=C(C)CI1)C
clee(CC2CCCCC2(C))eecd
Cnlec(c2ece(cc2)C#N)c2ececec]2
CC1Cc2cc3c(cenc3ce2N1)C(F)(F
)E

C10CC(=0)Nc2cece(ccl2)

CI=NN(C(CIl)ClICCCCl)
C(clcceeel)cle[nH]c2cecec12
CI1CCNc2cc3o0c(=0)cc(c3ccl2)
CC1(C)OCNc2cce(ccl2)
Ocleee2¢(CCC3=CC(=0)CCC23C)
cl
OC(C)clecesl
CI=NN(C(C1)clcee(F)eel)elecece

1

CC=CCC(F)C(F)(F)

c2ccc30CC(=0)Nc3c2
Cnlnce(c2ece30CC(=0)Nc3c2)e

1

Type 1-1-3 (n=3)

Type 1-1-4-1 (n=2,
Target: A-Anta)

CC(C(clceeeel))C(=0)N
CC1=CC(C)(C)Nc2cce(cel2)

CC(C)(Ccleecec] ))CN

ccco
Cnlnce(c2ccc30CC(=0)Ne3c2)e

1

Type 1-1-3-1 (n=2,
Target: Agonist)

Type 1-1-4-2
(Target: Antagonist)

CC(C)(C(cleceeel)eleee(O)eel)

cdeencedC

If compounds at least contain one
of the type 1-1-4 fragments while
don’t contain any type 1-1-4-1
fragments, they will be defined as

Antagonists.

Type 1-1-3-2 (Target:
Antagonist)

Type 2-1-1 (follow

type 2-1 secondary

fragments) (Target:
Antagonist)
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If compounds at least contain one of
the type 1-1-3 fragments while don’t
contain any type 1-1-3-1 fragments,

they will be defined as Antagonists.

All compounds which meet one
of the type 4-1 secondary
fragments will be defined as

Antagonists
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Table 8. The hierarchy featured fragments of Progesterone Receptor (PR).

Primary fragments (n=10)

Type 1 (n=6) Type 2 (n=4)
N-C:C-[#1]
N-C:C-C C:C-C-C
N-C:C:C-C C:C-C:C
C-N-C:C C:C-C=C
N-C-C:C c-c:.c.c-C
N-C-C-C:C

Secondary fragments (n=17)

Type 1-1 (follow type 1 primary fragments) (n=13)

Type 2-1 (follow type
2 primary fragments)
(n=4)

CN(C)clece(C#N)e(Clel
N(Cclceceel)elecee(Clel
Ccle(C#N)ene2e3C(CC(=0)Nc3sc
12)

Cnlce(c2ecc(ce2)C#N)c2ececcl2

nlece(c2ce3CCC(C)(C)Ne3ecl2)
Oclnc2ce(cee2nl)eleececd
C12CC3CC(CC(C3)(Cl)cleee(ccl)CHN
)c2

NC(CC(=0)c2cccec2)

CC1=CC(=C)CCCl1
CCclec(cecIN)cleceeel
Cnlc(cecl)CHEN
clesc(cl)CHN
CCI1=CC(C)(C)Nc2cce(ccl

2)

COclce(C)e(O)eclBr
S(=0)(=0)N1CCCCC(=N1)clcce(c
cl)
Ocleec2e(CCC3=CC(=0)CCC23C)
cl

clec(CC2CCCCC2)cccel

Tertiary fragments (n=17)

Type 1-1-1 (follow
type 1-1 secondary
fragments) (n=3,
Target: Agonist)

Type 1-1-2 (n=4, Target:
Antagonist)

Type 1-1-3 (n=2,
Target: A-Anta)

Type 1-1-4 (n=4)

CN(C)clece(C#N)e(Clel
N(Cclceceel)elecee(Clel
Ccle(C#N)ene2e3C(CC(=0)Nc3sc

12)

Cnlec(c2cece(cc2)C#N)c2eecec]2
nlcec(c2cc3CCC(C)(C)Ne3eel2)
Oclnc2ce(cce2nl)clcececd
C12CC3CC(CC(C3)(Cl)cleee(cc)CHN

)C2

NC(CC(=0)c2cccec2)

CC1=CC(=C)CCCI

CCclec(cecIN)cleceeel
Cnlc(cecl)CHN
clese(cl)CHN

CC1=CC(C)(C)Nc2ccce(cel2)

Type 1-1-4-1 (n=4,
Target: Agonist)

Type 1-1-4-2 (n=6,
Target: A-Anta)

Type 1-1-4-3
(Target:
Antagonist)

Type 2-1-1 (follow
type 2-1 secondary
fragments) (Target: A-
Anta)

CC1INc2cce(cec2C(C)(C)O1)clese(c
1
CCINc2cee(ce2C(C)01)
CC(C)cleececlC

CC(C)Co

Ccco
COclccec(cel)
clsc(celC)C
clese(cl)CH#N
CC(O)clece(cecl)

C3CCCcC3

If compounds at least
contain one of the type 1-1-
4 fragments while don’t
contain any type 1-1-4-1
and type 1-1-4-2
fragments, they will be

defined as Antagonists

All compounds which meet one of
the type 4-1 secondary fragments

will be defined as A-Anta
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Table 9. The hierarchy featured fragments of Retinoic Acid Receptor Alpha (RARa).

Primary fragments (n=11)

Type 1 (n=4) Type 2 (n=5) Type 3 (n=2)
[#1]-C-C=C-[#1]
C:.C-C-C
[#1]-C=C-[#1]
C:C-C=C C-C-c-c-c-c-C
C-C=C-C
C:C-C:C C-C(C)-C-C
C-C-Cc=C
c-c:.c.c-C
C=C-C=C

Secondary fragments (n=21)

Type 1-1 (follow type 1 primary fragments)

Type 2-1 (follow
type 2 primary

Type 3-1 (follow
type 3 primary

fragments) (n=4,
Target: Agonist)

Type 1-1-2 (n=1)

Target: Antagonist)

n=14
( ) fragments) (n=6) fragments) (n=1)
nlc(ccel)eleec(cel)C(=0)O
C#Cc2cccec2 CC(=CC=CC(=CC(=0)0)C)C
NCelce(ee(c1)C(C)C(C)
CCcle(Cl)ececl =C
C(=C)clcec(ccl)C(=0)0
clece(F)eclC CC=CC(=CC(=0)0)C
CC1(C)CCC(C)(C)e2ne(enc2) CCCCCCCCCCCCCCINAI(C)(
CC1(C)CCCc2cc(cecl2) Cl=CCcCccice=c
Cclee(N)ee(C)el o) C
CC=CC(=CC)C C=CCc=cceececececce
clecec20CC(=Cel2)
cleec(0)e(e1)C12CC3CC(CC(C3)Cl CCCC(=0)0CCCCCC
CN1CCCc2cc(cecl2)C
)C2 CC1=C(CC)CCCCl
CCCC(C)S
Tertiary fragments (n=11)
Type 1-1-1 (follow type
1-1 secondary Type 1-1-2-1 (n=1, Type 1-1-2-2

(Target: A-Anta)

CCI1(C)CCC(C)(C)e2nc(encl2)
nlc(ceel)cleee(ccl)C(=0)O
NCclee(ee(e1)C(C))C(C)

CCCee)s

cleee(0)e(e]1)C12CC3CC(CC(CI)C

)C2

C(=0)C=Cclccc(cel)C(=0)0

If compounds at least contain one
of the type 1-1-2 fragments while
don’t contain any type 1-1-2-1
fragments, they will be defined as

A-Anta

Type 1-1-3 (n=9)

Type 1-1-3-1 (n=14,

Target: Agonist)

Type 1-1-3-2
(Target: Antagonist)

C#Cc2cccec2
CCcle(Cl)ececl
cleee(F)eelC
CC1(C)CCCc2cc(cecl2)
CC=CC(=CC)C
C(=C)clecee(ccl)C(=0)0
Cclee(N)ee(C)el
cleeecc20CC(=Ccl2)

CNI1CCCc2cc(cccl2)C

CC(=CCO)C
C=C(C)elee(ee(c1))C(C)C)
c3eccdee(cecde3)C(=0)0
clecencl
clece(cel)elnoc(=0)[nH]1
OCclcee(cc1)C(=0)

c2¢(0)cc(0)ec2

CC1(C)CCNc2ccee(ccl2)C
CCclcee(ecl)CO
C=CC(=0)0
CCclece(ccl)C(=0)
cleee(F)eelC
CICCCc2ccc(C)ecl2

C=Cclcce(ccl)C(=0)

If compounds at least contain one
of the type 1-1-3 fragments while
don’t contain any type 1-1-3-1
fragments, they will be defined as

Antagonists

Type 2-1-1 (follow type

Type 2-1-2 (Target:

Type 3-1-1 (follow

40




2-1 secondary Agonist) type 3-1 secondary
fragments) (n=1, fragments) (Target:
Target: Antagonist) Antagonist)

All compounds which meet
If compounds don’t contain any type
one of the type 4-1 secondary
C2CCC(=C20)CC 2-1-1 fragments, they will be defined
fragments will be defined as
as Agonists
Antagonist
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Table 10. The hierarchy featured fragments of Retinoic Acid Receptor Beta (RARD).

Primary fragments (n=9)

Type 1 (n=4) Type 2 (n=5)
C=C-C-C
C:C-C:C
C-C=C-C
C:C-C=C
[#1]-C-C=C-[#1]
C:.C-C-C
[#1]-C=C-[#1]
c-c:.c:.c-C
C=C-C=C

Secondary fragments (n=19)

Type 2-1 (follow
type 2 primary

Type 1-1 (follow type 1 primary fragments) (n=15)
fragments) (n=4)

CCCCclcec(cel)cleec(ecl) CCOclne(scl1C)cleec(ccl)C(=0
CC=CC(=CC)C C1CCC(C)C=CIC(=CC=CC(=C
CC(=C)cleee2e(c1)C(C)(C)CCC2( )O
CC(=Cclcec(ccl)C(=0)) Q)
C)C CC1(C)CCC(C)(C)e2ce(S)ececl2
CNcleee(eel)C(=0)0 C=C(C)C(=CC=C(C))C
Cclcec(cel)cleec(O)e(cl) CC=Cclcec2eceec2el

nlc(ceel)eleee(ccl)C(=0)O CCC(=CCCC=CCCCC)

CCI(C)CCC(C)(C)e2nc(encl2) cleec2e(c])C(C)(C)CCC2
C#Cclece(ecl) CC(=CC=CC(=CC(=0))C)

CCICCCc2cc(N)cecl2 NC(=0)c3cce(ce3)C(=0)0

Tertiary fragments (n=11)

Type 2-1-1 (follow
Type 1-1-2 (Target: type 2-1 secondary | Type2-1-2 (Target:
Antagonist) fragments) (n=1, Antagonist)
Target: Agonist)

Type 1-1-1 (follow type
1-1 secondary
fragments) (n=16,
Target: Agonist)
CC=0)0

Celee(coc])C(=0)
C=C(C)elee(ee(c))C(CXC)
nlc(ceel)
clece3ee(cee3cl)C(=0)0
C(=0)Nclcee(cel)
CCOclcce(cel)elcee(ce1)C(=0)0

CCI(C)CCC(C)(C)c2ne(encl2) If compounds don’t contain any type If compounds don’t contain any

clne(scl)clece(cel)C 1-1-1 fragments, they will be CC(=CC(=0)0)C type 2-1-1 fragments, they will

CCl=C(C)C(C)C)cccl defined as Antagonists. be defined as Antagonists.

cleec(cel)eleee(C)e(C)el
cleec(cel)C#Cceleee(ecl)C
CCCCclccec(cel)cleec(ecl)
Cclec2e(cc1C(=NO))C(C)(C)CCC2(
o)

Sc3cec(ce3)C

Ccelee(ee(c)C(C)(C)C)
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Table 11. The hierarchy featured fragments of Retinoic Acid Receptor Gamma (RARg).

Primary fragments (n=13)

Type 1 (n=6) Type 2 (n=5) Type 3 (n=2)
C:C-C=C
[#1]-C-C=C-[#1]
C:C-C:C
[#1]-C=C-[#1]
C-C:C:C-C C-C(C)-C-C
C-C=C-C
C:C-C-C:C C-C-C-C-C
C-C-C=C
C-C-C-C:C
C=C-C=C
C-C:C-C-C

Secondary fragments (n=17)

Type 1-1 (follow
type 1 primary
fragments) (n=11)

Type 2-1 (follow type 2
primary fragments) (n=4)

Type 3-1 (follow
type 3 primary
fragments) (n=2)

C(=C)clcee(ecl)C(=0)
CC=CC(=CC(=0)0)C

¢2c¢c3CCCC4CCCe(c2)c34

C(=0)c3ccedec(ccede3)CO
CC1(C)CCC(C)(C)e2ne(encl2)

C=C(C)eleee2e(c1)C(C)(C)CCCAC

CC(=CC=C)C=CC1=CCCC(CI)C

CC(=CC=C(C#N))C=CC1=C(C)CCCCI(C

CCceeenecececece

)¢ )¢ CICICECHCEHCECHC(C)
C#Cc2cce(cc2)C
¢1c2CCCOC3CCCCe(c)e23 CC(=CC=CC(=CC(=0)0)C)C=C cl
cleee([nH]1)clcee(cel)C(=0)
CCI(O)CCC(C)NC)e2elece(c2) CC(=CCCO(=CCCO))
(6]
CC(C)CCOC(=0)
Tertiary fragments (n=2)
Type 1-1-1 (follow Type 3-1-1
type 1-1 secondary Type 2-1-1 (follow type 2- | (follow type 3-1
Type 1-1-2 (Target:
fragments) (n=2, Agonist) 1 secondary fragments) secondary
onis
Target: g (Target: Agonist) fragments)
Antagonist) (Target: Agonist)

CC(C)C=C(clecce(ecl)C)

cocc

If compounds don ’t contain any
type 1-1-1 fragments, they will be

defined as Agonists.

All compounds which meet one of the type
4-1 secondary fragments will be defined as

Agonists

All compounds which meet
one of the type 4-1
secondary fragments will be

defined as Agonists
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Table 12. The hierarchy featured fragments of Thyroid Hormone Receptor Alpha (TRa).

Primary fragments (n=12)

Type 1 (n=5) Type 2 (n=7)

0=C-N-C-C

N-C:C-C N-C-C-C-C

N-C-C:C 0=C-C-C

N-C:C-[#1] CN-C-C-C
N-C-C-C:C N-C=C-[#1]

CN-C:C C-C-N-C-C
N-C-C=C

Secondary fragments (n=9)
Type 2-1
(follow type 2
Type 1-1 (follow type 1 primary fragments) (n=7) primary
fragments)
(n=2)

clese(nl)elece(c(c)[N+](=0)[0-])S(=0)(=0)C

¢1¢(C)ec(CC2SC(=0)NC2=0)celC

cleec2CCCe2e10clcec(O)ecl

c2cc(Cl)e(Oc3cec(O)ce3)e(Clye2

Oclcee(Oc2cec(C)ee2)ecl

CC(C)clee(nnel=0)

CC(C)clee(nnel=0)

(Target: Agonist)

cleec2CCCe2c10clcec(O)ecl
c2cc(Cl)e(Oc3cec(O)ee3)e(Clye2
Oclcee(Oc2cec(C)ee2)ecl
CC(C)clee(nnel=0)

CC(C)clee(O)ececlO

If compounds don’t contain any
type 1-1-1 fragments, they will be

defined as Antagonists.

All compounds which meet

one of the type 4-1

secondary fragments will be

defined as Agonists

CC(C)clee(O)eeclO
CC(C)clee(O)ececlO
Tertiary fragments (n=5)

Type2-1-1

Type 1-1-1 (follow type 1-1 follow type 2-1

P ( P Type 1-1-2 (Target: ( P
secondary fragments) (n=5, . secondary
. Antagonist)

Target: Agonist) fragments)
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Table 13. The hierarchy featured fragments of Thyroid Hormone Receptor Beta (TRb).

Primary fragments (n=9)

Type 1 (n=5) Type 2 (n=4)
N-C:C-C
N-C-C:C 0=C-C-C 0=C-N-C-C
C-N-C:C
N-C-C-C:C N-C-C=C N-C=C-[#1]
N-C:C-[#1]
Secondary fragments (n=11)
Type 2-1
(follow type 2
Type 1-1 (follow type 1 primary fragments) (n=9) primary
fragments)
(n=2)

clese(nl)elece(c(c)[N+](=0)[O-])S(=0)(=0)C
N(C)el¢(C)ee(CC2SC(=0)NC2=0)cc1C

CC(C)clee(C)ececlO

Oc2cce(NC(=0)CC(=0)0)cc2
Ocle(Cl)ece(NCC(=0))cclCl

Oclcee(Oc2cec(C)ee2)ecl

cle(Cl)ee(cc1Clnlnec(=0)[nH]c1=0
Cn2ccc3c(NC(=0)C)ceee23

CC(C)clee(O)eec1O

CC(C)clee(nnel=0)

Oclc(Br)ec(CC)eclBr

Tertiary fragments (n=8)

Type 1-1-1 (follow type 1-1
secondary fragments) (n=7,
Target: Agonist)

Type 2-1-1 (follow

Type 1-1-2 Type 2-1-2
type 2-1 secondary
(Target: (Target:
i fragments) (n=1, i
Antagonist) Antagonist)

Target: Agonist)

CC(C)clee(C)ecelO
Oc2cce(NC(=0)CC(=0)0)cc2
Oclc(Cl)ee(NCC(=0))cclCl
Oclece(Oc2eec(C)ec2)ecl
cle(Clee(ec1Clnlnee(=0)[nH]c1=0
Cn2ccc3c(NC(=0)C)ccee23

CC(C)clee(O)ceclO

If compounds don’t contain

any type 1-1-1 fragments, they CC(C)clee(nnel=0)

will be defined as Antagonists.

If compounds don’t
contain any type 2-1-1
fragments, they will be

defined as Antagonists.
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Table 14. The hierarchy featured fragments of Vitamin D Receptor (VDR).

Primary fragments (n=15)

Type 1 (n=8) Type 2 (n=7)

C-C-C-O-[#1] 0-C-C=C C-C-C-C-C

C=C-C-C
0-C-C-C-C C=C-C-O-[#1] C=C-C=C

C-C=C-C
0-C-C-C-O 0-C-C-C=C C=C-C-C-C

C-C(C)-C-C
[#1]-C-O-[#1] 0C1CC(0)CCCl [#1]-C-C=C-[#1]

Secondary fragments (n=25)

Type 1-1 (follow type 1 primary fragments) (n=16)

Type 2-1 (follow type 2 primary
fragments) (n=9)

CC=C3CC(0)CCC3=C
C(Ccoycceiceeaccececcel2ce
Cclee(ceel)C(0)(CC)
CCC(=C(clece(O)ecl))

CC(COC)(COCC)COCC

Ccl[nH]c2cccee2c 1 C(Neleececel)
CCcecee(eyciceec(oyceccecizce
CCISi](CC)(cleec(OCCC)e(C)cl)
Ccleee(C=CC(C))ccl
Oclec(C=CC(=CCC))cccl

CCS(=0)(=0)cloc(nc1 S(=0)(=0))clcc

C(N)clc[nH]c2cceecl2
CC(C)CC(C)N(cleceeeel)
nlscccl=0
CCCCCCCCCCCCINH(C)(C)

C

FC(F)(F)cle(Cl)cce(N)el
clece(cel)C(=0)CCl
Sclce2e(Sc3ecece3N2CC)e

cl

cleee(eel)eleece(cl)C
csl CCCccceececcCClnlee[nt](C) clee2ne3cecec3ec2ecd
CC=C3CC(0)CC(0)C3
CN(C)cleece2e(C)ec(=0)oc2cel cl
CCC(CC)(cleee(OCCC)e(C)el)
CCC(=0)NCCS(=0)(=0)
Tertiary fragments (n=8)
Type 1-1-1 (follow type

P Y Type 1-1-3-1

1-1 secondary
fragments) (n=4, Target:
Antagonist)

Type 1-1-2 (n=6, Target:
Agonist)

Type 1-1-3 (n=2)

(n=3, Target:
Antagonist)

Cel[nH]c2cceee2e1C(Nelececel)
CCS(=0)(=0)cloc(nc1S(=0)(=0))clce
csl
CCC(=0)NCCS(=0)(=0)

CC(COC)(COCC)COCC

CCC(CC)(cleec(0OCCO)e(C)el)
CCCCCC(C)CICCC2C(0)CCCCI2C
CCSi)(CC)(cleec(OCCC)e(C)el)
CN(C)clece2e(C)ec(=0)oc2cl
Celeoee(C=CC(C))ecl

Oclec(C=CC(=CCC))cccl

CC=C3Cc(o)cees=cC

Cclee(ceel)C(O)(CC)

CC(CC1CC(=C)C(=0)01)
CC(CCICC(C)(0)C(=0)NI
)

0C5CCN)C(0)C(C)05

Type 1-1-3-2 (Target:
Agonist)

Type 1-1-4 (n=4)

Type 1-1-4-1 (n=3,
Target: Antagonist)

Type 1-1-4-2
(n=2, Target: A-
Anta)

If compounds at least contain one of the
type 1-1-3 fragments while don’t

contain any type 1-1-3-1 fragments,

C(Ccoycciceezccececcel2c
CCC(=C(clcee(O)cel))

cleee(eel)elecee(cl)C

cleec(cel)C(=0)O
CC=C3CC(0)C(=CCF)C(0)C3

Cc3ceee(0)e3

they will be defined as Agonists.

CC=C3CC(0)CC(0)C3

C(CCO)C(=0)

CCC(CC(CC)CO)C(C)

Type 1-1-4-3 (Target: Agonist)

If compounds at least contain one of the type 1-1-4 fragments while don’t contain any type 1-1-4-1 and type 1-1-4-2 fragm ents, they will be defined as

Agonists
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Table 15. The performance of NRMEA

Active/Inactive prediction®

TP | FP | TN | FN | Precision | Sensitivity | Specificity | Accuracy
ERa- Training Set | 700 | 23 | 1156 | 83 0.97 0.89 0.98 0.95
ERa- Test Set 172 | 13 | 284 | 27 0.93 0.86 0.96 0.92
AR- Training Set | 663 | 14 | 1573 | 35 0.98 0.95 0.99 0.98
AR- Test Set 161 | 9 | 391 | 12 0.95 0.93 0.98 0.96
ERb- Training Set | 439 | 33 | 1594 | 18 0.93 0.96 0.98 0.98
ERDb- Test Set 98 | 21 | 479 | 17 0.82 0.85 0.96 0.94
GR- Training Set | 641 | 12 | 1482 | 51 0.98 0.93 0.99 0.97
GR- Test Set 163 | 11 | 363 | 13 0.94 0.93 0.97 0.96
MR- Training Set | 354 | 4 | 1990 | 29 0.99 0.92 0.997 0.99
MR- Test Set 90 1 | 498 | 7 0.99 0.93 0.997 0.99
PR- Training Set 378 | 1 | 1940 | 24 0.997 0.94 0.999 0.98
PR- Test Set 91 0 | 486 | 11 1 0.90 1 0.98
RARa- Training Set | 278 | 29 | 2357 | 219 0.91 0.56 0.99 0.91
RARa - Test Set 58 | 14 | 583 | 68 0.81 0.46 0.98 0.89
RARD - Training Set | 235 | 3 | 2514 | 136 0.99 0.63 0.998 0.95
RARD - Test Set 59 | 2 | 626 | 36 0.97 0.62 0.997 0.95
RARg- Training Set | 199 | 10 | 2538 | 102 0.95 0.66 0.996 0.96
RARg - Test Set 50 | 7 | 630 | 28 0.88 0.64 0.99 0.95
TRa- Training Set 91 1 | 5443 | 10 0.99 0.90 0.999 0.998
TRa - Test Set 22 | 2 | 1355 4 0.92 0.85 0.998 0.995
TRD - Training Set | 101 | 6 | 5438 | 21 0.94 0.83 0.998 0.995
TRb - Test Set 22 | 4 | 1353 ] 9 0.85 0.71 0.997 0.99
VDR - Training Set | 452 | 32 | 5241 | 276 0.93 0.62 0.99 0.95
VDR - Test Set 116 | 17 | 1301 | 70 0.87 0.62 0.99 0.94

Agonist/A-Anta/Antagonist prediction

Accuracy-Training Set

Accuracy-Test Set

ERa 0.88 0.84
AR 0.88 0.87
ERb 0.92 0.98
GR 0.87 0.80
MR 0.96 0.92
PR 0.80 0.74
RARa 0.94 0.90
RARD 0.96 0.93
RARg 0.96 0.92
TRa 0.99 0.95
TRb 0.98 1
VDR 0.94 0.91
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30  a: TP: True Positive; FP: False Positive; TN: True Negative; FN: False Negative.
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