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본 강의 자료는 한국생명정보학회가 주관하는 BIML 2023 워크샵 온라인 수업을 목적으로 

제작된 것으로 해당 목적 이외의 다른 용도로 사용할 수 없음을 분명하게 알립니다.

이를 다른 사람과 공유하거나 복제, 배포, 전송할 수 없으며 만약 이러한 사항을 위반할 경우 

발생하는 모든 법적 책임은 전적으로 불법 행위자 본인에게 있음을 경고합니다.



Bioinformatics & Machine Learning (BIML) 
Workshop for Life Scientists, Data Scientists, and Bioinformatians

안녕하십니까?

한국생명정보학회가 개최하는 동계 교육 워크샵인 BIML-2023에 여러분을 초대합니다. 생명정보학 

분야의 연구자들에게 최신 동향의 데이터 분석기술을 이론과 실습을 겸비해 전달하고자 도입한 

전문 교육 프로그램인 BIML 워크샵은 2015년에 시작하여 올해로 9차를 맞이하게 되었습니다. 

지난 2년간은 심각한 코로나 대유행으로 인해 아쉽게도 모든 강의가 온라인으로 진행되어 현장 

강의에서만 가능한 강의자와 수강생 사이에 다양한 소통의 기회가 없음에 대한 아쉬움이 있었

습니다. 다행히도 최근 사회적 거리두기 완화로 현장 강의가 가능해져 올해는 현장 강의를 재개

함으로써 온라인과 현장 강의의 장점을 모두 갖춘 프로그램을 구성할 수 있게 되었습니다.

BIML 워크샵은 전통적으로 크게 인공지능과 생명정보분석 두 개의 분야로 구성되었습니다. 올해 

AI 분야에서는 최근 생명정보 분석에서도 응용이 확대되고 있는 다양한 심층학습(Deep learning) 

기법들에 대한 현장 강의가 진행될 예정이며, 관련하여 심층학습을 이용한 단백질구조예측, 유전체

분석, 신약개발에 대한 이론과 실습 강의가 함께 제공될 예정입니다. 또한 싱글셀오믹스 분석과 

메타유전체분석 현장 강의는 많은 연구자의 연구 수월성 확보에 큰 도움을 줄 것으로 기대하고 

있습니다. 이외에 다양한 생명정보학 분야에 대하여 30개 이상의 온라인 강좌가 개설되어 제공되며 

온라인 강의의 한계를 극복하기 위해서 실시간 Q&A 세션 또한 마련했습니다. 특히 BIML은 각 분야 

국내 최고 전문가들의 강의로 구성되어 해당 분야의 기초부터 최신 연구 동향까지 포함하는 수준 

높은 내용의 강의가 될 것입니다.

이번 BIML-2023을 준비하기까지 너무나 많은 수고를 해주신 BIML-2023 운영위원회의 남진우, 

우현구, 백대현, 정성원, 정인경, 장혜식, 박종은 교수님과 KOBIC 이병욱 박사님께 커다란 감사를 

드립니다. 마지막으로 부족한 시간에도 불구하고 강의 부탁을 흔쾌히 허락하시고 훌륭한 현장 강의와 

온라인 강의를 준비하시는데 노고를 아끼지 않으신 모든 연사분께 깊은 감사를 드립니다. 

2023년 2월

한국생명정보학회장 이 인 석



강의개요

Chemoinformatics

본 강의에서는 생물학이나 생물정보학 전공자들이 약물이나 소분자 정보의 활용 과정에 필요한 

기초 이론, 지식 및 관련 데이터베이스 정보를 전달하는 것을 목표로 한다. 화합물 데이터베이스 

종류 및 DB 내에서 활용할 수 있는 정보의 가공 방법 등을 간단히 소개하며, 추후 기계학습 등에 

활용할 수 있도록 분자 구조를 다차원 수치 벡터로 변환하는 기법 등을 다룬다. 

강의는 다음의 내용을 포함한다:

  ⚫ Representation of chemical compounds

  ⚫ File formats in chemoinformatics

  ⚫ Chemical databases

  ⚫ Bioassay databases

  ⚫ Numerical representation

  ⚫ Molecular fingerprints

  ⚫ Hadoop/Spark Programming 

* 강의 난이도: 초급

* 강의: 이민호 교수 (동국대학교 생명과학과)
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Chemoinformatics 
Minho Lee (MinhoLee@dgu.edu) 

� Representation of chemical compounds 
� File formats 

� Chemical databases 
� Bioassay databases 

� Numerical representation 
� Molecular fingerprints 
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� How can a molecular structure be stored on a computer? 
� Figure? 
� Coordinates? 

 
 
 

� Simplified Molecular Input Line Entry System 
� Weininger, J Chem Inf Comput Sci, 1988, 28, 31 
� More recently, a community developed description: http://opensmiles.org 
� Linear format (“line notation”) that describes the connection table and 

stereochemistry of a molecule (i.e. 0D) 
� Convenient to enter as a query on-line, store in a database 

� Basic guidelines: 
� Hydrogens are implicit 
� Parentheses indicate branches 
� Each atom is connected to the preceding atom to its left (excluding branches in-

between) 
� Single bonds are implicit, = for double, # for triple 
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� In general, many different SMILES strings can be written for the same molecule 
� Not a unique identifier (one-to-many) 

� Algorithms for producing “canonical SMILES” have been developed 
� The same unique SMILES string is always created for a particular molecule 
� One-to-one relationship between structure and representation 
� Note however, that different software implement different canonicalization algorithms 
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� International Chemical Identifier 
� Line notation developed by NIST and IUPAC 
� Goal: An index for uniquely identifying a molecule 
� Example 

� Features 
� Derived from the structure 
� One-to-one relationship between InChI and structure 
� Layers (of specificity) 

� Can distinguish between stereoisomers, isotopes, or can leave out those layers 

� Different tautomeric forms give rise to the same InChI (unlike SMILES) 

� InChIKey 
� a fixed length (25 character) condensed digital representation of the InChI  
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� SMILES 
� [c]1([n+]([CH3])[c]([c]2([c]([n+]1[CH3])[n][cH][n+]2[CH3]))[O-])[O-] 
� CN1C(=O)N(C)C(=O)C(N(C)C=N2)=C12 
� Cn1cnc2n(C)c(=O)n(C)c(=O)c12 
� Cn1cnc2c1c(=O)n(C)c(=O)n2C 
� N1(C)C(=O)N(C)C2=C(C1=O)N(C)C=N2 
� O=C1C2=C(N=CN2C)N(C(=O)N1C)C 
� CN1C=NC2=C1C(=O)N(C)C(=O)N2C 

� InChI 
� InChI=1S/C8H10N4O2/c1-10-4-9-6-5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3 
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� CML 
� MOL2 
� SDF 
� PDB 
� … 

 

� http://openbabel.org 
� a chemical expert system mainly used for converting chemical file formats 
� Offers CUI & GUI 
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http://dx.doi.org/10.1016/j.ddtec.2015.01.005 

� https://pubchem.ncbi.nlm.nih.gov/ 
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� Open access database for drug discovery 
� Freely available (searchable and downloadable)  
� Content: 

� 2D structures & calculated properties (logP, MW, Lipinski, etc.)  
� Associated bioactivity data extracted from the primary medicinal chemistry journals 

such as J. Med. Chem. 
� Deposited data from neglected disease screening (e.g. malaria) 
� Subset of data from PubChem 

� Covers ~30 years of compound synthesis and testing  
� Annotated FDA-approved drugs 
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� Binding Assays 
� Assays which directly measure the binding of a compound to a particular target 

� E.g., competition binding assays with a radioligand 

 
� Various endpoints measured, but most commonly reported are: 

� IC50 (half maximal inhibitory concentration) 
� Ki (binding affinity) 
� MIC (minimum inhibitory concentration) 
� % Inhibition (of activity) 
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Whole organism assays  

(e.g., anti-infectives/parasitics) 

Disease-derived cell-line  
(e.g., human ovarian cancer cell line cytotoxicity) 

Tissue or cell-based disease model  
(e.g., glucose uptake by adipocytes) 

Tissue or cell-based assay for target effect  
(e.g., contraction of guinea-pig ileum) 

Cell-based assay over-expressing target  
(e.g., GPCR calcium mobilisation) 

Target association 

D
isease association 

� Assays measuring:  
Absorption, Distribution, Metabolism, Excretion, Toxicity properties of compounds 

 

 

 

 

 

 

� Examples include: 
� Half-life of compound in rats 

� Tissue distribution of compound 

� Levels of metabolites 
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           Protein  Protein complex                  Protein family       Nucleic Acid        

e.g., Nicotinic acetylcholine receptor e.g., Muscarinic receptors 

       Cell Line       Tissue Sub-cellular Fraction         Organism 

e.g., DNA 

e.g., Mitochondria e.g., Nervous e.g., HEK293 cells e.g., Drosophila 

e.g., PDE5 

� Each protein target linked to a sequence in UniProt 
� Information from UniProt used in ChEMBL to allow searching: 

� Protein name/description 
� Synonyms and gene names 
� Organism (and NCBI Tax ID) 

 
� Proteins in ChEMBL also classified according to family (e.g., Receptor, Kinase, 

Protease, Transporter etc). 
� Used for searching by target tree (Browse Targets) 
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� http://www.ebi.ac.uk/chebi  
� Chemical Entities of Biological Interest 
� A freely available, manually curated chemistry database  
� High quality, manually annotated 
� Provides chemical ontology 
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Molecular structure 
ontology 

Subatomic particle 
ontology 

Role  
ontology 

ChEBI 
ontology 

 molecular structure 

inorganic 
 molecular entity 

molecular entity group 

carboxylic 
acid 

organic 
 molecular entity 

aldehydes 

organophosphorus 
compounds 

sodium chloride 

acetylsalicylic acid 
(aspirin) 

carboxy group 

chlorfenvinfos 

pyridoxal 
(vitamin B6) 
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Role 

Biological role Chemical role Application 

vitamin acid drug pesticide 

analgesic insecticide 

pyridoxal 
(vitamin B6) 

sulfuric acid 
chlorfenvinfos 

is_a 

has_role 
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� http://zinc.docking.org/ 
� ZINC was originally designed for target based virtual screening (docking) 
� also useful for many other things 

� finding a compound to purchase 
� downloading a library in SMILES format for ligand based virtual screening 
� find compounds by similarity to a starting 
� find compound ANNOTATED for a particular target (via ChEMBL) 
� find compounds PREDICTED for a particular target (via ChEMBL or docking)  
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� Structurally similar molecules tend to have similar properties 
� If we can measure similarity somehow 

� Can construct a distance matrix  
� Such matrices can be used to cluster compounds 

� Can use to find molecules in a database similar to a particular query 
� Can find unknown molecules with a similar property 

� Can use to see whether a particular property is correlated with molecular similarity 

 

� How similar are aspirin (A) and salicylic acid (B)? 
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� A molecular fingerprint is an encoding of the molecular structure onto a (long) 
binary string 
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� PubChem 
� Daylight 
� Extended Connectivity Fingerprint (ECFP) 
� … 
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� Extended Connectivity Fingerprint 

https://docs.chemaxon.com/display/docs/Extended+Connectivity+Fingerprint+ECFP 

� ECFP_2, ECFP_4, ECFP_6, ... : depending on diameter 

� Bit string length 
� Larger length decreases the likelihood of bit collision 
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� Chemistry Development Kit (CDK) 
� JAVA 
� https://cdk.github.io/ 

� RDKit 
� C++, Python 
� https://www.rdkit.org/ 

� R packages 
� rcdk in CRAN 
� Rcpi in bioconductor 
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