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1. Introduction 

Virtual Nanomaterial Simulation Professional (ViNAS-Pro, https://vinas-toolbox.com/) is 

a data-driven nanoinformatics platform. It provides high-quality data, user-friendly modeling 

tools and endpoint predictions, supporting rational design of new nanomaterials (NMs). 

ViNAS-Pro maintains two machine readable databases: the Structure database and the 

Assay database. The Structure database provides structural information for 13 types of NMs, 

while the Assay database offers data on the experimentally assessed properties and biological 

activities of these NMs across 25 different assays. The Descriptor toolkit provides users with 

modules for data visualization and preprocessing, ensuring the structure diversity of the training 

data in the machine learning (ML) modeling procedure. The Model toolkit includes two 

modules: NanoPredictor and AutoNanoML. The NanoPredictor module maintains pre-developed 

ML models, enabling users to predict specific endpoints for new NMs. The AutoNanoML 

module provides an interface that allows users to develop their own ML models for various 

prediction purposes. ViNAS-Pro virtual library provides data analysis, structure data, and 

endpoint predictions for virtual NMs. Moreover, ViNAS-Pro provides services for data deposit, 

nanostructure construction, and nanodescriptor calculation. 

2. Assay Database 

The navigation page of the assay database provides an interactive table that lists the 

available assays on ViNAS-Pro (Figure 2.1). Users can search for a specific assay using 

keywords and access individual assay records by clicking on entries in the interactive table of the 

navigation page. The assay record page provides detailed information about a specific assay on 

ViNAS-Pro. For example, a record for assay nine (NanoAID-9) is shown in Figure 2.2. This 

assay record page includes a figure displaying the activity distributions of NMs tested against 

NanoAID-9, and an interactive table containing the results of NMs associated with NanoAID-9. 

Users can download both the assay results and the associated NMs' nanodescriptor data as XLSX 

files from the assay record page. The endpoint definition, experimental protocol, and related 

literature are displayed on the assay record page. Furthermore, users can access a specific NM 

record page (Figure 2.3) by clicking on a particular NM within the interactive table on the assay 

record page. 

https://vinas-toolbox.com/


 3 

 

Figure 2.1 The navigation page of the Assay database 



 4 

 

Figure 2.2 The record page for assay 9 (NanoAID-9) 
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Figure 2.3 The record page for a specific NM 

3. Structure Database 

The primary navigation page of the structure database provides interactive nanostructures 

that lists the available NM types on ViNAS-Pro (Figure 3.1). Users can access a secondary 

navigation page of a specific NM type (Figure 2.3) by clicking on a particular NM within the 

interactive structure on the primary navigation page. Its secondary navigation page provides an 

interactive table that lists the available NMs (Figure 3.2). Users can batch download the 

structure data as PDB file and nanodescriptor data as XLSX file for associated NM type on the 

secondary navigation page. Additionally, they can also search for a specific NM record using 

ViNAS-ID (VID) and access individual NM records by clicking on entries in the interactive table 

of the secondary navigation page. The NM record page provides detailed information about a 

specific NM on ViNAS-Pro. For example, Figure 3.3 shows a record for a gold nanoparticle 

(GNP) named GNP001 on ViNAS-Pro. GNP001’s record page provides its nanostructure figure 
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rendering in Van der Waals (VDW) format, along with basic structure information such as shape, 

size, core and ligand. Moreover, it includes an interactive table containing all the assay testing 

results associated with GNP001. The annotated nanostructure as a PDB file and nanodescriptor 

data as a XLSX file for GNP001 can also be downloaded from its record page. Furthermore, 

users can access a specific assay record page (Figure 3.4) by clicking on a particular assay 

within the interactive table on the NM record page. 

 

Figure 3.1 The primary navigation page of the Structure database 
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Figure 3.2 The secondary navigation page of the Structure database 

 

Figure 3.3 The record page for a specific NM (GNP001) 
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Figure 3.4 The record page for assay 9 (NanoAID-9) 

4. Descriptor Toolkit 

The Descriptor toolkit allows users to standardize nanodescriptor values using descriptor 

preprocessing method and analyze the associated NM space using principal component analysis 

(PCA). The Descriptor List module allows users to analyze the nanodescriptors of target NMs on 

ViNAS-Pro. Users can selectively add the nanodescriptors of interest of NMs to the Descriptor 

List interface from the nanostructure record page. For example, the record page for GNP001, 

provides an interactive function to add its nanodescriptors to the Descriptor List page, as shown 

in Figure 4.1. Subsequently, users can generate a customized descriptor list for specific NMs 

and submit it for further analysis, following the application of preprocessing functions such as 

StandardScaler or MinMaxScaler (Figure 4.2). The descriptor analysis results from Descriptor 

List approach are shown on the descriptor analysis page (Figure 4.3). Both two-dimensional 

(2D) and three-dimensional (3D) spaces of NMs are shown by applying PCA to reduce the 
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dimensionality of nanodescriptors. Each dot represents a NM and provides the NM’s coordinates 

in the corresponding space. The standardized nanodescriptor dataset, along with the 2D and 3D 

NM space charts, are downloadable on the descriptor analysis page. The Descriptor Upload 

module allows users to upload their nanodescriptor data for analysis. For example, users can 

prepare their own nanodescriptor dataset for NMs in XLSX format. They can then submit the 

nanodescriptor set for analysis (Figure 4.4). Similar with Descriptor List module, the descriptor 

analysis results from Descriptor Upload approach are shown on the descriptor analysis page 

(Figure 4.5). 

 

Figure 4.1 Adding nanodescriptors to the Descriptor List module on the GNP001 record page 

 

Figure 4.2 Nanodescriptors analysis through the Descriptor List module 
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Figure 4.3 Nanodescriptors analysis results from the Descriptor List approach 

 

Figure 4.4 Nanodescriptors analysis through the Descriptor Upload module 
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Figure 4.5 Nanodescriptors analysis results from the Descriptor Upload approach 

5. Model Toolkit 

 The Model toolkit has two modules: NanoPredictor and AutoNanoML for new NMs 

prediction through ML approach. The NanoPredictor module maintains series of pre-developed 

ML models for different prediction tasks. For example, the NanoPredictor interface of the PLSR 

model developed for NMs with assay 19 (NanoAID-19) and assay 20 (NanoAID-20) data is 

shown in Figure 5.1. It provides the model description, model-related literature, and an 

interactive scatter plot chart displaying the correlations between experimental and predicted 

values of the NMs used in the modeling. The interface allows for downloading the model in 

pickle (pkl) format, as well as the modeling datasets, including the nanodescriptor data and the 
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assay data in XLSX format. Users can locally prepare a nanodescriptor dataset of new NMs in 

XLSX format and submit it for prediction through the interface (red arrow in Figure 5.1). The 

interface will employ the pre-developed model for prediction and offer downloadable prediction 

results for users to evaluate these new NMs (purple arrow in Figure 5.1). Moreover, a 

dropdown menu is added to the module for switching between NanoPredictor interfaces with 

different pre-developed models, making it easy for users to perform various endpoint prediction 

tasks (red box in Figure 5.1). 

The AutoNanoML module allow users to develop ML models through ViNAS-Pro. Two 

ML algorithms, linear regression (LR) and partial least squares regression (PLSR), are 

introduced for modeling in the module. For example, the initial AutoNanoML interface for 

developing PLSR model is shown in Figure 5.2. The modeling process can be divided into three 

steps: (1) uploading the descriptor and endpoint datasets in XLSX format; (2) choosing a 

descriptor standardization method, either StandardScaler or MinMaxScaler; and (3) selecting a 

cross-validation method among 3-Fold, 5-Fold, 10-Fold, or Leave-One-Out to develop the 

optimal ML model. After submitting for modeling, the AutoNanoML interface will update with 

new sections for model analysis and prediction (Figure 5.3). Users can visualize the model 

results through an interactive scatter plot chart that illustrates the correlations between 

experimental and predicted values of the NMs involved in the modeling. In addition, they can 

analyze the nanodescriptors by exploring an interactive pie chart that illustrates the contributions 

of the top-k descriptors derived from the modeling outcomes.  The interface displays the optimal 

number of components for developing the best PLSR model, which is obtained from the cross-

validation procedure. The R2 and RMSE are two key metrics for users to assess the model 

performance. The model outcomes mentioned above are downloadable, including the model in 

pickle (pkl) format, the scatter plot chart data, and the descriptor contribution data. The updated 

interface also enables users to upload a nanodescriptor dataset of new NMs in XLSX format for 

prediction using their developed model (red arrow and purple arrow in Figure 5.3). The LR 

interface provides a workflow similar to PLSR, allowing users to develop LR models. 
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Figure 5.1 The NanoPredictor interface in the Model toolkit 

 

Figure 5.2 The initial AutoNanoML interface in the Model toolkit 
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Figure 5.3 The updated AutoNanoML interface after ML modeling 

6. The virtual Nanomaterials Library 

To facilitate experimental research and reduce the time and cost associated with 

evaluating new NMs, a virtual NMs library is constructed and integrated into ViNAS-Pro, 

consisting of diverse nanostructures along with predictions of their properties, bioactivities, and 

toxicities. The library currently specializes in the development of virtual NMs for two material 

types, including platinum nanoparticles (PtNPs) and two-dimensional nanomaterials (2DNMs). 

For example, a total of 120 virtual PtNPs are developed based on the structural features of 12 

experimentally synthesized PtNPs. The representative virtual PtNPs show structural diversity in 

size, types of surface ligands, and the number of surface ligands. The Library Analysis interface 

provides data analysis of virtual NMs in the library, categorized by different material types 

(Figure 6.1). The interface displays the size distribution chart, along with the 2D and 3D space 

charts of virtual NMs. It also provides an interactive table that lists the available virtual NMs in 

the library. The predictions for the virtual PtNPs using the pre-developed ML models are 

available and can be downloaded in batches through the Endpoint Profile interface (Figure 6.2). 

User can access detailed information and download relevant data for a specific virtual PtNP from 

the record page of the virtual NM by clicking on either the interactive table in the Library 

Analysis interface or the interactive table in the Endpoint Profile interface (Figure 6.1 and 6.2). 

The construction of virtual 2DNMs in the library is similar to that of the virtual PtNPs. 



 15 

 

Figure 6.1 Exploring virtual nanomaterials through the Library Analysis interface 

 

Figure 6.2 Exploring virtual nanomaterials through the Endpoint Profile interface 

7. Data Deposit and Calculation Services 

To facilitate data sharing within the nanoscience community, ViNAS-Pro provides a Data 

Deposit interface for users to deposit data into ViNAS-Pro databases (Figure 7.1). Depositors 

are encouraged to provide material information (e.g., material type and name), along with a 

corresponding reference (if available). They can then deposit nanostructure data in PDB format, 

nanodescriptor data, and assay results in CSV/XLSX format. After the in-house data cleaning 
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and validation, the uploaded data will be integrated into the ViNAS-Pro databases. Once the 

deposition is successful, depositors will receive a confirmation email. 

 ViNAS-Pro provides a nanostructure construction and nanodescriptor calculation service 

for new NMs (Figure 7.2). Users can request the service through the Calculation Service 

interface by providing basic information about the NM, including its name, shape, and size. It is 

preferable to include additional information, such as a corresponding reference, for the 

calculation service. When requesting nanodescriptor calculation, users are encouraged to provide 

corresponding nanostructures in PDB format. After the in-house calculation, users will receive a 

calculation result by email, which can be used for modeling and other nanoinformatics tasks. 

For the two services mentioned above, users are required to provide an email address in 

the content/request details to receive the results of the service. This is an effective and secure 

method for protecting users' privacy. ViNAS-Pro ensures the protection of users' information and 

ownership of the data. 

 

Figure 7.1 The Data Deposit interface 
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Figure 7.2 The Calculation Service interface 

8. Search ViNAS-Pro databases 

ViNAS-Pro allows users to search NM entries by different NM attributes, including 

ViNAS-ID (VID), NM type, shape, core type, and/or size (Figure 8.1). Users can focus on a 

single search criterion or combine multiple search criteria to find specific NM records. For 

example, users can search for NMs with ‘Sphere’ as the shape attribute, while keeping other 

search criteria unchanged. This results in a total of 583 NM entries that meet the search criteria, 

available for further browsing (Figure 8.2). Clicking on the ViNAS-ID in the results table will 

open the NM record page, displaying the NM's attributes, structure, and assay testing results. 

Moreover, a combination of search criteria, such as NM type and shape, can provide even more 

specific results. For example, users can search for NMs with 'Gold nanoparticle' as the NM type 

and 'Sphere' as the NM shape, while keeping other search criteria unchanged. This yields a total 

of 400 NM entries that meet the search criteria, available for further browsing (Figure 8.3). If all 

search criteria remain unchanged, the entire ViNAS-Pro database will be returned. 



 18 

 

Figure 8.1 The Search interface 

 

Figure 8.2 Search results for NMs with ‘Sphere’ as the shape attribute through the Search 

interface. 
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Figure 8.3 Search results for NMs with 'Gold nanoparticle' as the NM type and 'Sphere' as the 

NM shape through the Search interface. 

9. Case Study: Regular Machine Learning Modeling Process 

9.1 Data preparation 

As mentioned in the Introduction, ViNAS-Pro provides access to a total of 25 assay data, 

covering 13 NM types. Users can select nanodescriptor and assay data for specific nanomaterials 

(NMs) from the Assay database, based on a particular assay, for modeling purposes. In this case 

study, we will select assay nine (NanoAID-9), which is the logP assay, for ML modeling (Figure 

9.1.1). After clicking on assay nine from the table of navigation page, users will be directed to 

the record page of NanoAID-9, where a general introduction of NanoAID-9 is shown. The assay 
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data and descriptor data of NMs for NanoAID-9 can be downloaded, and the two datasets of 123 

gold nanoparticles (GNP) will be used for ML modeling (Figure 9.1.2 and 9.1.3). 

 

Figure 9.1.1 Selecting an assay through the Assay database 
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Figure 9.1.2 Downloading nanodescriptor data and assay data for NanoAID-9 associated NMs 

 

Figure 9.1.3 Nanodescriptor data and assay data for NanoAID-9 associated NMs in XLSX 

format 

9.2 Descriptor analysis 

After downloading the datasets, users can first analyze the nanodescriptor data of 

NanoAID-9 associated NMs through the Descriptor toolkit. Two methods (Standard Scaler and 

MinMax Scaler) are available for harmonizing nanodescriptor values. Users can upload the 

descriptor dataset through the Descriptor Upload module. After selecting the method and 

submitting for analysis, user can obtain PCA result and a descriptor standardization dataset 

(Figure 9.2.1).  

PCA applied to the descriptor data identifies the combination of attributes (principal 

components, or directions in the descriptors space) that account for the most variance in the 

descriptor data. Based on the PCA results, both the 2D and 3D chemical spaces of NMs in the 
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dataset is visualized, which can be used to analyze their structure diversity (Figure 9.2.2). 

Descriptor standardization is a technique often applied as part of descriptor preparation for 

machine learning. The goal of standardization is to change the values of numeric columns in the 

dataset to a common scale, without distorting differences in the ranges of values. 

 

Figure 9.2.1 Descriptor analysis through the Descriptor Upload module 

 

Figure 9.2.2 The two-dimensional and three-dimensional chemical spaces of NanoAID-9 

associated NMs 

9.3 Machine learning modeling 

The Model toolkit allows users to predict NM properties and bioactivity using pre-

developed models or by developing their own ML models through parameter tuning. In this case 

study, we will develop a LR model using the assay data and descriptor data of NMs associated 

with NanoAID-9 through the AutoNanoML module. In the LR page of AutoNanoML, users can 

develop customized LR models by three steps: (1) uploading descriptor dataset and assay dataset 

in XLSX format, (2) selecting a method for descriptor standardization, and (3) selecting a 

method for the cross-validation procedure (Figure 9.3.1). After clicking on the “Submit for 

Modeling” button, the process of model development is automated and streamlined for the user, 

and the resulting models and corresponding prediction results are available for browsing and 
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downloading (Figure 9.3.2). The development of a PLSR model is similar to that of an LR 

model. Users can explore the PLSR page of AutoNanoML for PLSR modeling. 

 

 

Figure 9.3.1 Machine learning modeling through the AutoNanoML module 

 

Figure 9.3.2 The developed model using the nanodescriptor data and assay data of NanoAID-9 

associated NMs 

9.4 Prediction new nanomaterials using the developed model 

 In section 9.1-9.3, we introduced a case to develop a LR model using the NMs associated 

with NanoAID-9. The subsequent step involves utilizing the developed model to predict the logP 

values of new NMs. Users need to create a nanodescriptor dataset of new NMs in XLSX format 

for this purpose. There are several ways to obtain specific NMs’ nanodescriptor data for 

prediction. A regular approach is to explore and retrieve data from the Structure database. 

Moreover, as described in section 7, users can also request a nanodescriptor calculation service 
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through the Calculation Service interface by providing basic structure information about the new 

NMs.  

In this tutorial, we will focus on GNPs in the Structure database, since the LR model is 

developed using GNPs. After clicking on “Gold Nanoparticles” on the primary navigation page 

of the Structure database, users will be directed to the secondary navigation page for GNPs, 

where a total of 414 GNPs nanodescriptor data can be batch downloaded in XLSX format 

(Figure 9.4.1 and 9.4.2). In section 9.1-9.3, we use the nanodescriptor dataset and assay dataset 

of 123 GNPs for modeling, while the other 291 GNPs possess nanodescriptor data but lack assay 

data of NanoAID-9 (Figure 9.4.3). The nanodescriptor data for all 414 GNPs can be obtained 

from the secondary navigation page by clicking on 'Descriptor batch download' (Figure 9.4.2). 

Subsequently, we will use the nanodescriptor data from the GNPs without NanoAID-9 results to 

create a prediction dataset in XLSX format. 

The nanodescriptor dataset for predicting new NMs will be uploaded to the developed LR 

model on the LR page, as mentioned in section 9.3 (Figure 9.4.4). After clicking the 'Submit for 

Prediction' button, the model will perform the prediction, and the prediction results can be 

downloaded and analyzed from the interface (Figure 9.4.5). 

 

Figure 9.4.1 Selecting specific nanomaterial type from the primary navigation page of the 

Structure database 
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Figure 9.4.2 Batch download of GNPs nanodescriptor data from the secondary navigation page 

of the Structure database 

 

Figure 9.4.3 GNPs nanodescriptor data used for machine learning modeling and prediction 
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Figure 9.4.4 Uploading the nanodescriptor dataset of new nanomaterials for prediction 

 

Figure 9.4.5 Downloading the prediction results from the AutoNanoML interface 

10. Contact Us 

We appreciate user feedback on ViNAS-Pro and aim to respond to all inquiries. Users 

can reach us by email at vinas.zhulab@gmail.com. We will continuously upgrade ViNAS-Pro to 

better serve the community. 

11. About 

 The Zhu Lab uses cheminformatics algorithms, workflows, and other relevant 

computational tools to model chemical toxicity, ADME (Absorption, Distribution, Metabolism, 

and Excretion), and other biological activities. The resulting models will be used in the 

mailto:vinas.zhulab@gmail.com
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regulatory chemical toxicity assessments and the CADD (Computer-Aided Drug Discovery) 

process. To learn more about our lab, please visit our website at https://www.zhuhlab.com/. 
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