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The past years have witnessed the versatile applications of interaction fingerprint method, including 

three-dimensional structure analysis, docking-pose clustering and filtering, scoring function improvement and 

enhancing enrichment of virtual screening. However, it’s still unclear whether it’s possible to study the 

polypharmacology with such a strategy. We have explored this important question by assessing the performance 

of ligand-based interaction fingerprint (LIFt), a new approach providing insights into the target profiles for the 

selected small drug. According to our results, it’s found that LIFt could recognize most of the native targets for 

the promiscuous kinase inhibitor staurosporine on the basis of experimental determined complex structures. In 

addition, with assistance of physics-based docking and sampling techniques, LIFt can predict the 

kinase-selectivity profile as well as the unexpected off-targets for the clinical drug or experimental candidates 

with appreciated accuracy. More encouragingly, a prospective prediction of new target for the established 

synthetic anti-tumor drug TN-16 was experimentally validated, which suggests the promise of LIFt in practical 

use of polypharmacology study. 
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Accumulating evidences suggest that small-molecule drug 

tends to interact with multiple targets, which is coined as 

polypharmacology [1-3]. Multi-targeted drugs own advantage 

in treating complicated disease which involves multiple 

signaling pathways, as exemplified by the dozens of kinase 

inhibitors for cancer treatment in the clinic [2, 4]. In contrast, 

just like a double-edged sword, it also caused problem as to 

the unexpected off-target which could result in side effects or 

even toxicity [1, 5]. On this basis, it’s of necessity to elaborate 

the potential target-profiles for the selected drugs. However, 

exhaustive profiling all the target-drug pairs with 

experiments is expensive and laborious. In contrast, in silico 

study of polypharmacology holds great promise for the much 

less expense. For instance, the chemo-centric methods such 

as SEA (Similarity Ensemble Approach) [6], could generate 

the most promising drug-target associations from large-scale 
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profiling with appreciated accuracy [5, 7]. Nonetheless, there’s 

intrinsic limitation as to the lack of ligand binding 

information, which is essential to the structural 

modifications.  

As increasing deposits of complex structure in PDB 

database,[8] we have deepen our knowledge about the 

mechanism of molecular recognition, which leads to 

numerous success of structure-based drug discovery [9]. 

Physics-based docking and sampling techniques facilitate 

such efforts by providing near-native binding poses for 

interested small molecules [10, 11]. However, in contrast with 

achievements in identifying novel ligands for the specific 

protein [12-14], there are few reports with respect to the other 

side of the coin, which means explore new targets for the 

specific small-molecule drug [15, 16]. This could be partially 

attributed to the inability of current scoring functions in 

estimating the entropy contribution as well as desolvation 

effects, which becomes more severe when estimating the 

absolute binding free energy for a given drug in context of 

distinct targets [16].  

The interaction fingerprint (IF) method [17] provides an 

alternative solution for the above problem. However, 

whether it is suitable for the study of potential targets needs 

to be comprehensively assessed and experimentally tested. 

We addressed this question by introducing a new 

ligand-based interaction fingerprint (LIFt) approach and 

systematically assessing the performance in prediction of 

polypharmacology for 12 well-established small-molecule 

kinase inhibitors [18]. On the basis of complex structure, 

either experimental result or theoretical model, we can 

extract three-dimensional (3D) binding information 

according to well-established geometric criteria for a series 

of important interactions, such as H-bond, ionic interaction, 

- stacking, non-polar contact [17, 19]. The essential 

knowledge is routinely explored in the practice of 

structure-based drug discovery [20]. By translating the above 

3D interactions into one-dimensional (1D) binary string, we 

can obtain the representative IF profile for drug-target 

complex (Figure 1), which could be compared in a pair-wise 

manner to determine the Tanimoto coefficient (Tc). Tc value 

can be used to quantify the interaction similarity and suggest 

the promising target(s) for a given drug (Figure 1).  

Our results indicate that LIFt can recognize 52 of 54 

native kinase targets for the nonselective inhibitor 

staurosporine on the basis of experimentally determined 

complex structures, with mean Tc values above 0.46. It’s 

noted that the two outliers (Tc value of 0.13 and 0.34), whose 

structure deviates from electron density map, could be 

corrected with physics-based optimization of binding site, 

where LIFt gives largely improved results (Tc value 

increased to 0.48 and 0.65). 

Figure 1. The workflow of predicting target profiles for the selected drug with proposed LIFt 
approach. 
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We also showed LIFt could be extended to the study of 

kinase selectivity profiles with the aid of “state-of-the-art” 

molecular simulation techniques, such as physics-based 

docking and sampling. With sunitinib as an example, we 

found LIFt can distinguish 54 of 60 inactive kinases (IC50>10 

M) with Tc value lower than 0.4, while 56 of 127 active 

kinases (IC50<10 M) with Tc value higher than 0.50. We 

also proved that the unsatisfied result is primarily, if not 

exclusively, owing to the single-conformation limitation for 

protein target in the present strategy. Series of structural 

simulation on the binding pocket (e.g. 4.5 Å within the 

ligand) could alleviate the problem of undersampling, 

however it is far from taking into account the whole protein 

flexibility, especially considering the loop region where 

large-scale conformational change exists. The inference can 

be supported by the observation of top-ranked inactive kinase 

TIE2. By collecting 6 ligand-present (holo) crystal structures, 

we obtained consistently low Tc values (<0.4) which forms a 

contrast to the high Tc value (0.55) for the ligand-free (apo) 

conformational state (PDBID: 1FVR). It’s also suggested 

that long MD simulation may help to alleviate the problem to 

some extent. In our opinion, a variety of simulations only 

serve as the means for providing reasonable theoretical 

model. The key point to obtain a reliable complex structure 

in the absence of crystallography assistance is relying on the 

elaborate experimental results on the ligand binding 

characteristics, such as structure-activity relationships 

(SAR).  

We further extended the assessment by modeling the 

cross-activity of 10 different kinase inhibitors against BRD4 

protein with in silico methods. According to our results, it’s 

revealed that there’s great similarity in the ligand action 

modes among different targets, including the conserved 

H-bonds as well as the nonpolar contact, which are consistent 

with a previous report [21]. More encouragingly, we proved 

the power of LIFt in exploring novel targets with a 

prospective study which focused on the synthetic anti-tumor 

drug TN-16, generally recognized as the colchicine-site 

binder. According to our study, it’s shown that 29% (54 of 

187) of kinases present Tc value greater than 0.4. Among 

them, the highest ranked candidate p38 MAP kinase 

(Tc=0.68) was experimentally validated with an IC50 value of 

9.8±0.4 M.  

In summary, we have introduced a new approach of 

ligand-based interaction fingerprint with the aim of profiling 

potential targets for selected small drugs or drug candidates. 

Our data demonstrate that LIFt could compete with 

physics-based scoring functions in both retrospective and 

prospective studies. We are currently developing the 

enhanced LIFt to provide more general application and 

accurate prediction, which means incorporating ligand 

similarity as well as target diversity into the current 

approach.  

Conflicting interests  

The authors have declared that no competing interests 

exist. 

References 

1. Reddy AS, Zhang S. Polypharmacology: drug discovery for the 

future. Expert Rev Clin Pharmacol 2013; 6:41-47. 

2. Rix U, Hantschel O, Durnberger G, Remsing-Rix LL, Planyavsky 

M, Fernbach NV, et al. Chemical proteomic profiles of the 

BCR-ABL inhibitors imatinib, nilotinib, and dasatinib reveal 

novel kinase and nonkinase targets. Blood 2007; 110:4055-4063. 

3. Roth BL, Sheffler DJ, Kroeze WK. Magic shotguns versus magic 

bullets: selectively non-selective drugs for mood disorders and 

schizophrenia. Nat Rev Drug Discov 2004; 3:353-359. 

4. Hantschel O. Unexpected off-targets and paradoxical pathway 

activation by kinase inhibitors. ACS Chem Biol 2015; 10:234-245. 

5. Lounkine E, Keiser MJ, Whitebread S, Mikhailov D, Hamon J, 

Jenkins JL, et al. Large-scale prediction and testing of drug 

activity on side-effect targets. Nature 2012; 486:361-367. 

6. Keiser MJ, Roth BL, Armbruster BN, Ernsberger P, Irwin JJ, 

Shoichet BK. Relating protein pharmacology by ligand chemistry. 

Nat Biotechnol 2007; 25:197-206. 

7. Keiser MJ, Setola V, Irwin JJ, Laggner C, Abbas AI, Hufeisen SJ, 

et al. Predicting new molecular targets for known drugs. Nature 

2009; 462:175-181. 

8. Berman HM, Westbrook J, Feng Z, Gilliland G, Bhat TN, Weissig 

H, et al. The Protein Data Bank. Nucleic Acids Res 2000; 

28:235-242. 

9. Chen L, Morrow JK, Tran HT, Phatak SS, Du-Cuny L, Zhang S. 

From laptop to benchtop to bedside: structure-based drug design 

on protein targets. Curr Pharm Des 2012; 18:1217-1239. 

10. Kitchen DB, Decornez H, Furr JR, Bajorath J. Docking and 

scoring in virtual screening for drug discovery: methods and 

applications. Nat Rev Drug Discov 2004; 3:935-49. 

11. Shoichet BK. Virtual screening of chemical libraries. Nature 2004; 

432:862-865. 

12. Shoichet BK, McGovern SL, Wei B, Irwin JJ. Lead discovery 

using molecular docking. Curr Opin Chem Biol 2002; 6:439-46. 

13. Cao R, Liu M, Yin M, Liu Q, Wang Y, Huang N. Discovery of 

novel tubulin inhibitors via structure-based hierarchical virtual 

screening. J Chem Inf Model 2012; 52:2730-2740. 

14. Cao R, Huang N, Wang Y. Evaluation and application of 

MD-PB/SA in structure-based hierarchical virtual screening. J 

Chem Inf Model 2014; 54:1987-1996. 

15. Lin X, Huang X, Chen G, Whaley R, Peng S, Wang Y, et al. Life 

beyond kinases: structure-based discovery of sorafenib as 

nanomolar antagonist of 5-HT receptors. J Med Chem 2012; 

55:5749-59. 

16. Wan X, Zhang W, Li L, Xie Y, Li W, Huang N. A new target for 



Receptors & Clinical Investigation 2015; 2: e976. doi: 10.14800/rci.976; © 2015 by Ran Cao, et al. 

http://www.smartscitech.com/index.php/rci 
 

Page 4 of 4 
 

an old drug: identifying mitoxantrone as a nanomolar inhibitor of 

PIM1 kinase via kinome-wide selectivity modeling. J Med Chem 

2013; 56:2619-29. 

17. Deng Z, Chuaqui C, Singh J. Structural interaction fingerprint 

(SIFt): a novel method for analyzing three-dimensional 

protein-ligand binding interactions. J Med Chem 2004; 

47:337-344. 

18. Cao R, Wang Y. Predicting Molecular Targets for Small-Molecule 

Drugs with a Ligand-Based Interaction Fingerprint Approach. 

ChemMedChem 2015; 

19. Marcou G, Rognan D. Optimizing fragment and scaffold docking 

by use of molecular interaction fingerprints. J Chem Inf Model 

2007; 47:195-207. 

20. Bissantz C, Kuhn B, Stahl M. A medicinal chemist's guide to 

molecular interactions. J Med Chem 2010; 53:5061-5084. 

21. Ember SW, Zhu JY, Olesen SH, Martin MP, Becker A, Berndt N, 

et al. Acetyl-lysine binding site of bromodomain-containing 

protein 4 (BRD4) interacts with diverse kinase inhibitors. ACS 

Chem Biol 2014; 9:1160-1171. 


