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Allosteric methods and their applications: facilitating the discovery of allosteric drugs and the investigation of allosteric mechanisms
5|18 : Acc Chem Res, 2019, 52 (2): 492-500. DOI: 10.1021/acs.accounts.8b00570

Abstract:

Allostery, or allosteric regulation, is the phenomenon in which protein functional activity is altered by the binding of an effector at an
allosteric site that is topographically distinct from the orthosteric, active site. As one of the most direct and efficient ways to regulate
protein function, allostery has played a fundamental role in innumerable biological processes of all living organisms, including
enzyme catalysis, signal transduction, cell metabolism, and gene transcription. It is thus considered as “the second secret of life”.
The abnormality of allosteric communication networks between allosteric and orthosteric sites is associated with the pathogenesis
of human diseases. Allosteric modulators, by attaching to structurally diverse allosteric sites, offer the potential for differential
selectivity and improved safety compared with orthosteric drugs that bind to conserved orthosteric sites. Harnessing allostery has
thus been regarded as a novel strategy for drug discovery.

Despite much progress having been made in the repertoire of allostery since the turn of the millennium, the identification of allosteric
drugs for therapeutic targets and the elucidation of allosteric mechanisms still present substantial challenges. These challenges are
derived from the difficulties in the identification of allosteric sites and mutations, the assessment of allosteric protein-modulator
interactions, the screening of allosteric modulators, and the elucidation of allosteric mechanisms in biological systems.

To address these issues, we have developed a panel of allosteric services for specific allosteric applications over the past decade,
including (i) the creation of the Allosteric Database, with the aim of providing comprehensive allosteric information such as
allosteric proteins, modulators, sites, pathways, etc., (ii) the construction of the ASBench benchmark of high-quality allosteric sites
for the development of computational methods for predicting allosteric sites, (iii) the development of Allosite and AllositePro for
the prediction of the location of allosteric sites in proteins, (iv) the development of the Alloscore scoring function for the evaluation
of allosteric protein-modulator interactions, (v) the development of Allosterome for evolutionary analysis of query allosteric sites/
modulators within the human proteome, (vi) the development of AlloDriver for the prediction of allosteric mutagenesis, and (vii)
the development of AlloFinder for the virtual screening of allosteric modulators and the investigation of allosteric mechanisms.
Importantly, we have validated computationally predicted allosteric sites, mutations, and modulators in the real cases of sirtuin 6,
casein kinase 2a, phosphodiesterase 10A, and signal transduction and activation of transcription 3. Furthermore, our developed
allosteric methods have been widely exploited by other users around the world for allosteric research. Therefore, these allosteric
services are expected to expedite the discovery of allosteric drugs and the investigation of allosteric mechanisms.
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ZHANG Jian born in 1978, professor, principal investigator, and director of Medicinal Bioinformatics Center of Shanghai Jiao
Tong University School of Medicine. He got his Ph.D of pharmacy from Shanghai Institute of Materia Medica, Chinese Academy
of Sciences in 2007. As a research fellow, he worked at University of Michigan from 2007 to 2009. Then he was employed by
Shanghai Jiao Tong University School of Medicine since 2009.

Prof. ZHANG's research interests mainly focus on drug design, medicinal chemistry, and chemical biology. Remarkably, he
has made a series of cutting-edge breakthroughs in the identification of new anti-cancer drug targets and the discovery of first-
in-class lead compounds. As the corresponding author, he has published over 70 SCl-indexed papers, such as Nat Chem Biol,
Chem Rev, Chem Soc Rev, Am J Hum Genet, Nucleic Acids Res, J Med Chem and so on. The representative works over the past
five years include: @ the discovery of first-in-class allosteric activators (MDL-800) for liver cancer drug target SIRT6 (Nat
Chem Biol, 2018). @ the discovery of first-in-class inhibitors (MAIT-203) for metastatic colorectal cancer drug target APC (Nat
Chem Biol, 2017). ® the development of AlloDriver to precisely identify new anti-cancer drug targets from clinical samples
(Am J Hum Genet, 2017). @ the development of allosteric methods to discover allosteric modulators (Nucleic Acids Res, 2018,
2016, 2014, 2011; Bioinformatics, 2016, 2015, 2013). Owing to significant contributions in the field of precise identification of
drug targets and first-in-class drug discovery, Prof. ZHANG has earned several awards, including Excellent Research Advisor of
American Chemical Society, Biomedical Innovation Awards of Chinese Pharmaceutical Association, Wuxi AppTec Life Science
and Chemistry Awards, Top Ten Cutting-Edge Scientists of China in 2017. He also won Excellent Youth Fund of National
Natural Science Foundation of China in 2013, Outstanding Young Scholars of Ten Thousand Talent Program of Organization
Department of Central Committee of CPC in 2015, and Changjiang Young Scholars of Ministry of Education of China in 2017.
Currently, he is the member of Creative Research Groups of National Natural Science Foundation of China.
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Prof. ZHANG's group works on the identification of novel targets and the discovery of first-in-class leads. By the integration
of methods and techniques in drug design, medicinal chemistry, bioinformatics, and chemical biology, ZHANG's group has set
up a platform for drug discovery in Shanghai Jiao Tong University School of Medicine and made a systematic research against
cancer. ZHANG's group developed a set of allosteric drug design methods in the last ten years. Using these allosteric methods,
they have found several novel targets directly from clinical cancer samples and then developed first-in-class anti-cancer leads

against cancer by overcoming site deficiency.
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