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ACS Nano, 2017, 11 (12), pp 11773–11776
DOI: 10.1021/acsnano.7b08008

A decade of the protein corona

My Hypothesis:
If we really understand 
the protein corona (PC), 

then we should be able to 
predict its composition.
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Image: Walkey, C.D. et al ACS Nano 2014, 8(3) 2439-2455

Key conclusions from Walkey et 
al:
 using the protein corona 

fingerprint to predict cell 
association increases model 
accuracy by 50%.

 Full spectrum protein corona 
fingerprint gave the best 
model.
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State of the 
field

Reporting 
Standards

Predictive 
Analysis

Implications 
& Next Steps

7



1

1 0

0

Nanoparticle
properties

Protein 
properties

Solvent 
properties

Majority Voting 

1 2

3 4

State of the 
field

Reporting 
Standards

Predictive 
Analysis

Implications 
& Next Steps

Finlay, et al ES:Nano, 2018, 5 (1), 64-71.
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Nanomaterial: silver

10 nm citrate coated (-)

10 nm branched 
poly(ethylene imine) coated 
(BPEI, +)

100 nm citrate coated (-)

proteins: yeast
Saccharomyces cerevisiae

model protein mixture:
Yeast cell lysate or 
yeast protein extract (YPE)

Solute conditions

• 0.1 mM Cys: mimics 
extracellular total thiol.

• 0.8 mM NaCl: mimics 
surface fresh water salinity

• 3.0 mM NaCl: models 
mitochondrial salinity

Our test conditions
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images: P. Bergese and K. Hamad-Schifferli (eds.), Nanomaterial Interfaces in Biology: Methods and Protocols, Methods in Molecular Biology, vol. 
1025, DOI 10.1007-978-1-62703-462-3_11.

Unique to our approach:

 Directly digest proteins off of the 
particles.

 Characterize bound proteins AND 
unbound proteins.

 Define protein enrichment=

1.

2.

3.

[Protein NSAF in bound fraction]
[Protein NSAF in unbound fraction]

4.
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Unique approach: defining an enrichment factor



(+) 10 nm ENMs

(-) 10 nm ENMs

(-) 100 nm ENMs

(-) 10 nm ENMs + 
0.1 mM cys

(-) 10 nm ENMs + 
0.8 mM NaCl

(-) 10 nm ENMs + 
3.0 mM NaCl

Findlay, M.R. et al ES: Nano 2018,5, 64-71.
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enrichment factors



Findlay, M.R. et al ES: Nano 2018,5, 64-71.

Random forest classification 

builds multiple decision trees and merges them together to get a more accurate and 

stable prediction.

Example decision tree merged trees give prediction
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Protein pI, MW ENM size, coating solute ID, [solute]

SPE in 10 mM NaPi +

1. (−) 10 nm ENMs
2. (+) 10 nm ENMs 
3. (-) 100 nm ENMs
4. (−) 10 nm ENMs 
+ 0.1 mM Cys
5. (−) 10 nm ENMs
+ 0.8 mM NaCl
6. (−) 10 nm ENMs
+ 3.0 mM NaCl
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Finlay, et al ES:Nano, 2018, 5 (1), 64-71.
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Random Forest Classification

 m=log(n) experiments randomly selected 

with replacement from database with 

size n

 m experiments used to grow a decision 

tree

 Repeat 2500 times

 Voting between trees to decide if protein 

is within the ENM corona

 Probability of ENM protein corona 

assignment outputted
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Our Random Forest Classification analysis gives:
 Accuracy 76 %
 F1-score 0.81

Finlay, et al ES:Nano, 2018, 5 (1), 64-71.
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ACS Nano, 2017, 11 (12), pp 11773–11776
DOI: 10.1021/acsnano.7b08008

A Decade of the protein corona
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No. To model PC 
formation, information 

on ‘unbound’ proteins is 
necessary. 17



PubMed search for “Protein Corona”, Sept 1, 2018.

Growing interest
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To assess the first decade
Top 110 cited “protein 
corona” papers from 
2014-2017 
Reviewed for:

1. diversity of systems
2. data reporting &

preproducibility
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PubMed search for “Protein Corona”, Sept 1, 2018.

Can we mine the PC literature?



1. Diversity of Systems

Biological samples
• 83% blood products.
• Few non-human studies

Chetwynd, et al submitted.
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Engineered 
Nanomaterial

• 20 % metal 
ENMs

• 30 % silica & 
polystyrene

• No “next 
generation” 
ENMs

1. Diversity of Systems

Chetwynd, et al submitted.
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2. Assessing preproducibility

Chetwynd, et al submitted.
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Chetwynd, et al submitted.
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67 % of reviewed papers 
are in nano journals
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https://www.nature.com/articles/s41565-018-0246-4

https://www.nature.com/articles/s41565-018-0246-4
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But nanomaterial transform in a 
biological system…

Chetwynd, et al submitted. Figures modified from https://www.nature.com/articles/s41565-018-0246-4

https://www.nature.com/articles/s41565-018-0246-4
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Minimum Information about Nanomaterial Biocorona
Experiments (MINBE)

State of the 
field

Reporting 
Standards

Predictive 
Analysis

Implications 
& Next Steps

27



C
h

et
w

yn
d

, e
t 

al
 s

u
b

m
it

te
d

.

Minimum Information about Nanomaterial Biocorona
Experiments (MINBE)

State of the 
field

Reporting 
Standards

Predictive 
Analysis

Implications 
& Next Steps

28



State of the 
field

Reporting 
Standards

Predictive 
Analysis

Implications 
& Next Steps

2. In vivo studies

2. PTMs / small molecules

Complex systemsTechnical challenges
• Wider variety of species / proteins.
• Dynamic / fluidic variations.
• Small molecules.
• Personalized protein corona.

• Comparative analysis
• Predictions of PC formation & dynamics.

1. modeling

1. Eco-corona

https://doi.org/10.1016/j.jprot.2015.09.005

https://doi.org/10.1016/j.tibtech.2016.08.011DOI: 10.1021/nn506060q

• Expansion to challenging molecules
• Deeper insight into chemistry of the PC
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https://doi.org/10.1016/j.jprot.2015.09.005
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SCU proteomics / modeling team

The MINIBE team

Andrew Chetwynd

Iseult Lynch

Kris McNeill’s Lab

Do you have ENM 
protein corona data we 
can test our model on?

Email: 
kwheeler@scu.edu

r Data!

Thank you!


