
• Data Science Slack ワークスペース 
•下記の招待リンクからSlackワークスペースに参加して下さい。 
• Invitation to Data Science PBL Slack workspace. 

今後、スケジュールについてのアナウンスなどもこちらのワークスペースで案内してい

きます。/ We will announce the schedule of PBL and other 

information in that workspace.
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https://join.slack.com/t/naist-dsc-pbl/shared_invite/zt-2ngqmcqxf-9eEyTMjuacVXAPSIV_a7zQ
(注：このリンクは３週間で無効になります / This link will expire in three weeks)

Note: Slackワークスペースへの参加方法 /  

How to join a Slack workspace. 
[https://slack.com/help/articles/212675257-Join-a-Slack-workspace]

https://slack.com/help/articles/212675257-Join-a-Slack-workspace


Data Science PBL I 
2024/07/29
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• Overview 
• 7/29 Introduction < now 
About the task of this PBL 

• 7/29-9/26 Group work 
Build the model, evaluate the results 
Discuss the meaning of the analysis 
Prepare the presentation materials 
(Discuss at least once every two weeks...) 

• 9/27 (Fri.) 9:20-12:30 Group Presentations (IS:AI lecuter room) 
Presentation: 15 min (talk) + 3 min (discussion) 
Slides: in English 
Talk: either in English or Japanese
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• Task: Chemo-bioinformatics analysis 
• Develop a model using machine learning to predict the biochemical 
properties of chemical molecules from their molecular structures. 
Based on the results, analyze the relationship between structure and 
function from chemical and biological perspectives. 

• Dataset1 
Toxicity prediction 

• Dataset2 
Antibiotics screening
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Dataset1: 
Toxicity prediction
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Quantitative structure-activity relationship 
(QSAR)

Chemical structures
Biological activity

Machine learning

Predict biological activity of 
chemical compounds using

computational models

Cefcapene Pivoxil
Hydrochloride, a.k.a.
「フロモックス」

Escherichia coli
a.k.a.
大腸菌

Material

Data science

Biology



Chemical spaceCell lines （細胞株）

Cancer Cell Lines and Compounds Screening

‘Drug design’ is a painstaking search for 
candidates of new drug from billions of 
possible chemical compounds.

Thousands lines of immortalized cells 
(cancer tumor, stem cell etc.) have been 
isolated and cultivated continuously.

A huge matrix of cell types and compound species to 
evaluate their biological effects have been accumulated 
through massive experimental assays.

Compounds 
Screening

[Wistuba et al. 
Clinical Cancer Res. 1999 ] [Kirkpatrick & Ellis, Nature 2004]

https://clincancerres.aacrjournals.org/content/5/5/991
https://clincancerres.aacrjournals.org/content/5/5/991
https://clincancerres.aacrjournals.org/content/5/5/991
https://clincancerres.aacrjournals.org/content/5/5/991
https://www.nature.com/articles/432823a
https://www.nature.com/articles/432823a


Cell-line Screening Data Sets

We can get the data from the NIH-DTP web site



Data Preparation
Chemical structural data Assay data

Negative log(GI50)

GI50: 50 % Growth Inhibition, 細胞の増殖を50％ 阻害する濃度



• Dataset1 
• A tab-separated text file named "pGI50_mols.tsv" 
• 51178 samples, 61 cell lines 
•With values of pGI50 (negative log GI50) 

https://royalsocietypublishing.org/doi/pdf/10.1098/rstb.2018.0226
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(Roughly speaking, higher pGI50 implies strong toxicity)

https://royalsocietypublishing.org/doi/pdf/10.1098/rstb.2018.0226


• Dataset1 
• Analyze the dataset to understand the distribution of chemical features 

• Train machine learning models and predict toxicity from molecular features 
# You may choose some of the cell lines, or, may use all targets. 
## Note that not all combinations have been evaluated 

• Try various types of molecular descriptors, and various models of machine learning. 

• Find the relationship between molecular features and biological activities
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Example programs

You can access the notebook of the sample program from 

https://colab.research.google.com/drive/1ryR7DpuXAO_mMjWzCjfT-r_mf6Gb1bco?usp=sharing



Dataset2:  
Antibiotics Screening
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• Dataset2 
• Part1: mechanism of action 
From KEGG DRUG database (https://www.genome.jp/kegg/drug/)
List of antibiotic compounds classified by mechanism of actions

• Part2: inhibition ratio 
From "A Deep Learning Approach to Antibiotic Discovery" 
(JM Stokes et al, Cell, 2020, https://doi.org/10.1016/j.cell.2020.01.021) 

Experimental dataset for screening of new antibiotics
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Dataset 2 (Antibiotic Candidates)

KEGG  
Dataset

Science 
Dataset

• Growth inhibition ratio against E.coli

• 2,335 diverse molecules were tested

• Drug molecules for antimicrobials (bacteria, fungi, viruses, etc.)…

• Mechanism of action. For example, CCR5 antagonist.

• 1326 Drugs

compounds.csv

Part 1

Part 2



Workflow of CuraWon 2024. 07. 11
compounds.csv 
3,427 entries

Drop polymers and molecules with undetermined atoms 
Peginterferon alfa-2b : *C(=O)OCCOC (combination of PEG and Interferon)

Kitasamicyn :[1*]O[C@@H]1CC(=O)O[C@H](C)C/C=C/C=C/[C@H](O)[C@H](C)C[C@H](CC=O)[C@H](O[C@@H]2O[C@H](C)[C@@H](O[C@H]3C[C@@](C)(O)[C@@H](O[2*])[C@H](C)O3)[C@H](N(C)C)[C@H]2O)
[C@H]1OC

A
O

O O

HO

O
OO

O
HO

O
A O

N
OH

O

Arbitrary atoms (or representing further connection)

3,407 entries

Standardization 
1. Remove Salts

2. Neutralize molecules 

Merge InhibiCon & Class (if several standardized smiles exist) and Drop duplicates.  
If several inhibiWon values are assigned to a single SMILES, the averaged one is used

3,407 entries

standardized_compounds.tsv 
2941 Unique SMILES



• Dataset2: 
• 748 samples with 13 classes 
• 2289 samples with inhibition (relative growth) values
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Use these SMILES
Need not to use

(Roughly speaking, 
lower "Inhibition"
implies strong activity)Mechanism



• Dataset2 
• Analyze the dataset to understand the distribution of chemical features. 

• Train machine learning models and predict new antibiotics. 

• You may apply clustering using unsupervised learning to group the molecules. 

• Alternatively, you may build  
a classification model using the Part 1 dataset to classify the molecules. 
a regression model with the Part 2 data to predict the antibiotic activity. 

• You may also predict using some new compound datasets using your trained model. 

• After conducting your analysis, add insights from both biological and chemical 
perspectives.
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• Group Presentations 
• 9/27 (Fri.) 9:20-12:30 (IS：AI lecutre room) 
• Presentation: 15 min (talk) + 3 min (discussion)  
• Slides: in English 
• Talk: either in English or Japanese
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Order 1 2 3 4 5 6

Group



• Report Task:  
• Summarize the works of your group.  
Background and motivation  
Materials and methods  
Results and discussion  
References  

• Explain your contribution to the group.  
Describe “when” (date or period) and "what" you've done explicitly. 
Any type of contributions would be OK  
(i.g. implementation, gathering new data, data cleansing, active 
suggestion in discussion, evaluation of results, etc...)  

• Submission 
up to A4 2 pages (excluding figures and references) 
Submit by 10/11(Fri.) via Educational Affairs Portal (UNIPA)
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