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Research Objectives 

Subtask 1 

To create, curate and maintain a specialized database incorporating all 
existing information on MNPs including their physical/chemical 
properties and associated biological data emerging from both ERC 
research teams and the scientific literature; 

 Subtask 2 

To develop statistically significant and externally validated QNAR 
models that can be used to prioritize MNPs for biological studies; 

 Subtask 3 

To design novel surface modified carbon nanotubes (CNTs) with the 
desired biocompatibility in collaboration with Dr. Bing Yan at St Jude 
Children’s Research Hospital; 

 Subtask 4 

To make the database and all developed QNAR predictors accessible via 
our Chembench webportal (http://chembench.mml.unc.edu). 
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Research Design 



SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing 

Lung adenocarcinoma 

A549 cells 

Pulskamp et al., Toxicol.  

Lett., 2007, 168, 58-74. 

Several carbon MNPs (multi-

walled, single-walled, carbon 

black, quartz) increased 

Reactive Oxygen Species 

(ROS) and decreased 

mitochondrial membrane 

potential in a dose- and time-

dependent manner in rat 

macrophages and human A549 

lung cells. 

PVP coated silver nanoparticles were reported to 

induce ROS and damage DNA in A549 cells depending 

on their doses, as well as increase gap junctional 

intercellular communication. 

The A549 cell uptake of 

chitosan-modified PLGA 

nanospheres is time-, 

temperature-, and 

concentration-dependent, 

regulated by clathrin-mediated 

endocytosis. Low cytotoxicity 

was reported for these modified, 

surface decorated nanospheres, 

suggesting them as preferable 

drug carriers for A549 cells.  

The authors demonstrated 

the efficiency for lung cancer 

treatment of nanodiamond 

NPs carrying paclitaxel on 

their surface: these NPs were 

found (i) to reduce the A549 

cell viability in vitro by 

inducing both mitotic arrest 

and apoptosis, and (ii) 

blocked the tumor growth in 

mice. 

Tahara et al., Int. J. Pharm., 

2009, 382, 198-204. 

Deng et al., Nanotoxicology., 2010, 4, 186-195. 

Foldbjerg et al., Arch. Toxicol., 2010, In Press. 

Liu et al., Nanotechnology, 

2010, 21, 315106. 

Challenges of 

data integration:  

an example of 

Lung A549 cells. 
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CeO2 toxicity & 

aggregation 

ROUND ROBIN EFFORT 

Johnston et al. Environmental 

science & technology 2010, 44, 

1144-51. 

Significant uptake found 

in zebrafish liver. 

Formation of large NP 

aggregates (up to 3 µm). 

Unlikely to be a major 

ecotoxicological hazard 

for many nonbenthic fish  

Lin, W.; Huang, Y.-W.; Zhou, X.-D.; Ma, 

Y. International journal of toxicology 

2006, 25, 451-7. 

Lin, W.; Stayton, I.; Huang, Y.-wern; 

Zhou, X.-D.; Ma, Y. Toxicological & 

Environmental Chemistry 2008, 90, 983-

996. 

Cytotoxicity of CeO2 NPs 

is directly related to an 

oxidative stress and lipid 

peroxidation mechanism. 

CeO2 NPs (20 nm) are 

significantly more 

cytotoxic than Al2O3 NPs 

(13 and 22 nm).  

Para, R. 2011. Thesis manuscript  

Important decreases of rat 

heart weights proportionally 

to the number of instillation 

days. Inhalation of CeO2 

NPs can cause increased 

cardiac oxidative stress and 

autophagy  

Van Hoecke et al. 

Environmental science & 

technology 2009, 43, 4537-46. 

Aquatic toxicity of CeO2 NPs 

with different sizes (14, 20, and 

29 nm; pH=7.4; mean aggregate 

size = 400 nm). No acute toxicity 

for two crustaceans (Daphnia 

magna and Thamnocephalus 

platyurus) up to test 

concentrations of 1000 and 

5000mg/L respectively. 

Significant chronic toxicity to 

unicellular green alga 

P.subcapitata with EC10 between 

2.6 and 5.4 mg/L. Chronic 

toxicity was found to increase 

with decreasing nominal particle 

diameter. 

Oxidative stress induced by 

CeO2 NPs in human bronchial 

epithelial Beas-2B cells is 

caused by an increase of the 

cellular reactive oxygen species 

(ROS) concentrations. 

Eom, H.-J.; Choi, J. Toxicology 

letters 2009, 187, 77-83. 

Van Hoecke et al. Environmental 

pollution (Barking, Essex : 1987) 

2011, 159, 970-6. 

Increasing pH and IS enhanced 

aggregation, while increasing 

NOM decreased mean aggregate 

sizes. The NOM was found to 

adsorb to the CeO2 NP surface. 

=> reduction in NP toxicity  
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Lack of centralized data repository 

Studies on MNP of different core structure, size, shape, and with 

various surface modifications have been reported but all published 

data are diverse, non-searchable, and spread among numerous 

sources of information.  

Limits our capability to develop predictive tools to 

assess nanotoxicity in advance of manufacturing 

Severely limits the design of novel nanomaterials 

that are environmentally benign and safe for human 

exposure  

  

Data depositories 
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Data sharing/storing format for nanomaterials 

Nano-

TAB 

Investigation File 

Study File 

Material File  

Structure File (Optional) 

Assay File 

Collaboration with 

Dr. Nathan Baker 

(Pacific Northwest National Laboratory)  
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Predictive QNAR Workflow 

* Tropsha, A. Best Practices for QSAR Model Development, Validation, and Exploitation Mol. Inf., 2010, 29, 476 – 488). 
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Computer-aided design of novel carbon 

nanotubes with desired biological properties 
(in collaboration with Dr. Bing Yan, St. Jude Children's Research Hospital) 

 Similarity Search 

VIRTUAL  

SCREENING 
~102 

molecules 

Consensus QSAR models 

462 

molecules 

240,000 in silico 

designed small 

molecules which 

are considered 

attachable 

to CNTs 

110 molecules 

QNAR Predictions 
CA non-binders 

189 molecules 

Non-toxic 
Experimental 

Validation 
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MNP Types and Descriptors  
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New theoretical MNP descriptors: Computed 

characteristics of materials*  

*data from aflowlib.org (collaboration with Prof. Stefano Curtarolo, Duke University)  
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New theoretical MNP descriptors: Materials fingerprints 

46 materials (e.g., CaO3Zr, BaSe, etc.) 

Descriptors derived from 

quantum mechanics 

calculations (DFT)  

In collaboration with Dr. 

Curtarolo (Duke University) 
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Materials Similarity based on their Fingerprints 

Tanimoto similarity coefficient S between materials A and B is calculated as 

follows: 

 

with xj is the value of the jth descriptor and n the total number of descriptors in 

the fingerprints. Tanimoto similarities are ranging from 0 (no similarity between 

materials A and B) to 1 (A and B are identical).  

Hierarchical 

clustering of 46 

materials according 

to their fingerprints.  
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Material Fingerprints 

Materials fingerprints generated from electronic band structures computed with DFT. 

Band structures are transformed into band distribution plots (1) and then converted 

into materials fingerprints (2). 
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Reprofiling materials with desired properties  
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Our results demonstrate that QNAR models can successfully 

predict the biological effects of MNPs from their descriptors 

that are either experimentally measured or calculated. 

 

Further progress of QNAR modelling requires new data: 

collection, curation, and ontology. 

 

New approaches to theoretical descriptor calculations help 

extending QNAR modeling to diverse MNPs with different 

cores enabling model development in the absence of 

experimentally measured MNPs properties. 

Summary and future studies 
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