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▪Cancer is a complex disease with 
multifactorial gene deregulation

▪ Simultaneously targeting multiple G4s 
associated with multiple oncogenes is 
requisite

▪Thus ‘stabilization of G4s with multi-target 
directed ligands (MTDL)’ is crucial in 
targeted cancer therapy

▪Buffer: K+ and Na+ buffer
▪End points: ΔTm, Kd, Cellular activity

▪Models predict: i. G4 selectivity, ii. G4 interaction,
iii. G4 stabilization, iv. Cellular activity

▪Programs Used: QSAR-Co1, YASARA2, KNIME   
workflow3, In-house python scripts,       
PaDEL-Descriptor4
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Identifying new anti-cancer drugs by multi-tasking QSAR approaches targeting G-quadruplex DNA

▪G4 is formed in a guanine rich DNA at 
telomeric region and at promoters of 
various oncogenes 

▪ Ligand induced stabilization of 
Telomeric-G4 regulates cell cycle and

▪Promoter-G4 stabilization regulates the 
expression of respective oncogenes

Model Category Parameters Train
Train

10 fold CV Test Ext Ext in-AD

I. G4 Selectivity
Descriptor: 15
Random Forest 

No. of 
Compounds

P: 493
N: 175

Total: 668

P: 493
N: 175

Total: 668

P: 127
N: 39

Total: 166

P: 159
N: 58

Total: 217

P: 156
N: 50

Total: 209

Accuracy % 100 87.13 86.75 90.78 91.26

Precision% 100 88.32 91.34 92.64 92.59

Sensitivity% 100 95.13 91.34 94.97 96.15

Specificity% 100 64.57 71.79 79.31 76

F-measure 1 0.92 0.91 0.94 0.94

MCC 1 0.65 0.63 0.76 0.75

II. G4 Interaction
(Kd)
Threshold
Positive: Kd <1µM 
Negative: Kd ≥1µM 
Descriptor: 10
LDA 

No. of 
Compounds

P: 100
N: 95

Total: 195

P: 100
N: 95

Total: 195

P: 21
N: 27

Total: 48

P: 29
N: 25

Total: 54

P: 23
N: 16

Total: 39

Accuracy % 92.82 89.23 85.42 83.33 89.74

Precision% 93 88.35 75 88.46 95.24

Sensitivity% 93 91 100 79.31 86.96

Specificity% 92.63 87.37 74.07 88 93.75

F-measure 0.93 0.90 0.86 0.82 0.91

MCC 0.86 0.78 0.74 0.67 0.80

III. G4 Stabilization
(ΔTm )
Threshold
Positive: ΔTm ≥15⁰C
Negative: ΔTm<15 ⁰C 
Descriptor: 10
Random Forest

No. of 
Compounds

P: 498
N: 394

Total: 892

P: 498
N: 394

Total: 892

P: 129
N: 93

Total: 222

P: 154
N: 121

Total: 275

P: 119
N: 85

Total: 204

Accuracy % 99.89 86.66 90.54 85.45 93.14

Precision% 99.80 86.65 91.54 89.58 96.46

Sensitivity% 100 89.96 92.25 83.77 91.60

Specificity% 99.75 82.49 88.17 87.60 95.29

F-measure 0.999 0.88 0.92 0.87 0.94

MCC 0.998 0.73 0.80 0.71 0.86

IV. Cellular Activity
(MTT, MTS, CCK8)
Threshold
Positive: IC50 <10µM
Negative:IC50 ≥10µM
Descriptor: 10
Random Forest

No. of 
Compounds

P: 244
N: 219

Total: 463

P: 244
N: 219

Total: 463

P: 71
N: 44

Total: 115

P: 79
N: 65

Total: 144

P: 74
N: 65

Total: 139

Accuracy % 100 87.26 84.35 83.33 82.73

Precision% 100 87.70 90.77 84.81 83.78

Sensitivity% 100 88.07 83.10 84.81 83.78

Specificity% 100 86.36 86.36 81.54 81.54

F-measure 1 0.88 0.87 0.85 0.84

MCC 1 0.74 0.68 0.66 0.65

Chemical data

Biological data

Applicability Domain

Confidence Estimation Approach

Chemical, biophysical and biological data collected from various 
research articles as well as from database ‘G4LDB 2.2’5

Data Curation

Box-Jenkins’ moving average approach 6

[Modified Descriptors set]

Modeling set External set

Descriptors Calculation and Data Pre-processing

Data set Division
(Random, Euclidean Distance based)

Training set Test set

Model development Model evaluation

Variable selection:
Genetic Algorithm

Modeling Technique:
LDA and Random Forest

True external evaluation

Model selection

[Internal] Validation metrics*

[Test] Validation metrics* [External] Validation 
metrics*

Data Collection

PaDEL-Descriptors, in-house Descriptors

Splitting the entire data set(randomly)

80% 20%

70% 30%

This work represents the very first computational study for identifying MTDLs against multiple G4s

Multi-tasking QSAR models predict G4 selectivity, G4 interaction, G4 stabilization, and Cellular activity thus
offering an integrated evaluation of ligands for G4 activity.

The models have high discriminatory power and are robust (the accuracy of all the models is >90% for the
training sets and >80% for the external sets)

Molecular docking of screened molecules suggests the feasible stable binding of the ligands with multiple G4sVirtual Screening of Natural Compounds

QSAR Modeling

G-quadruplex(G4) at telomere

G4 at promoter of oncogenes

Multi-tasking QSAR models will be validated by in-vitro experiments such as UV-Vis, CD spectroscopies, FRET
melting assay, and MTT assay

Screened molecules with positive response in in-vitro assays will be studied further with molecular dynamics
simulation to analyze the binding interactions and binding free energies etc.

Refined QSAR models will be deployed in the form of a standalone software

Study in Pipeline

Δ 𝐷𝑖 𝑐𝑗 = 𝐷𝑖 − 𝑎𝑣𝑔 𝐷𝑖 𝑐𝑗

𝑎𝑣𝑔 𝐷𝑖 𝑐𝑗 =
1

𝑛 𝑐𝑗


𝑖=1

𝑛 𝑐𝑗
𝐷𝑖

*Accuracy, Precision, Specificity, 
Selectivity, F-score, Mathews 

Correlation Coefficient

Lipinski ROF
Screened compounds:

139537

G4-Selectivity
35545 *

Cellular activity(MTT)
10411 *

G4-Stabilization(ΔTm)
862*

G4-interaction(Kd)
96753 *

ZINC
Compounds:

224205

Positive compounds in 
above 3 models: 4771

Multi-tasking QSAR Modeling

*Number of compounds with positive results

INSTITUTO DE CIENCIA MOLECULAR

UNIVERSITAT DE VALENCIA

• cMYC(parallel)

• DockScore*: 7.94
• 5’end, 3’end, Groove

• htel(Na+)(antiparallel)

• DockScore*: 8.91
• 5’end, Groove

• htel(K+)(3+1)

• DockScore*: 8.18
• Groove

• htel(K+)(parallel)

• DockScore*: 8.51
• 3’end, Groove

• cKIT2(parallel)

• DockScore*: 7.68
• 5’end, 3’end, Groove

• cKIT1(parallel)

• DockScore*: 8.28
• 3’end, Groove

• KRAS(parallel)

• DockScore*: 7.74
• 5’end, 3’end, Groove

Molecular Docking Analysis

DockScore*: Average docking score

▪ Screened MTDLS bind with 
multiple G4s

▪Docking scores are in 
energetically favorable 
range

▪ MTDLS majorly show end 
stacking and groove 
binding

https://sites.google.com/site/dtclabdc/

