
nmRC 

CASE STUDY

CHARACTERISING PROTEINS 

ON SURFACES

nmRC_CS_14



Protein Analysis on Surfaces

3D Orbitrap Secondary Ion Mass Spectrometry Case Study



PROTEIN ANALYSIS AT SURFACES - APPLICATIONS

• Protein analysis is needed to:

• Understand disease in tissue 

• Develop new medical devices resistant 

to infection.

• Analyse bio-materials to prevent foreign 

body responses.

• Understand protein-protein interactions

• Typically done with MS requiring a chemical 

matrix or digestion of protein before 

analysis.

• Need a technique which can analyse proteins 

in their native state.
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3D OrbiSIMS

Passarelli, M. K. et al., Nature Methods, 2017

3D OrbiSIMS technique offers direct analysis of large 

molecules with

• High mass resolving power (< 240,000 at m/z 200) 

with the Orbitrap analyser

• Softer ionisation Ar3000
+ gas cluster ion source 

• Imaging capabilities of analyte on surfaces



3D OrbiSIMS POSITIVE SPECTRUM OF HUMAN INSULIN
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• Fragmentation in 3D OrbiSIMS spectra relates to 

different breaks in the peptide chain

• Then related to specific protein structures



PROTEIN ANALYSIS ON A BIOCHIP 

• 16 proteins analysed with a range of sequence 

coverage 



CRYOGENIC ANALYSIS 
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HSA cryogenic conditions

HSA room temperature
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• 3D OrbiSIMS analysis at -150 C showed increased ion intensity and speciation of higher 

mass species, compared to room temperature analysis. 

• Importantly, fragments originate from highly specific C- and N- termini of the protein.

Sequence coverage



PROTEINS IN SKIN
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Keratin

Collagen

Corneodesmosin

• The layers of the skin assigned based on the 

abundance of a phospholipid marker, PO3
-

(Starr et al. 2019)

• Protein locations based on the tissue sections 

gathered in the Protein Atlas 

(Uhlén M et al., 2015)

• Sequences characteristic to corneodesmosin, 

keratin and collagen in the skin layers where they 

are known to be exclusive or predominant 

Image credit: Human Protein Atlas, http://www.proteinatlas.org

http://www.proteinatlas.org/


PROTEIN ANALYSIS ON A BIOCHIP 
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• Protein monolayer immobilised on thiol β-

cyclodextrin (TCD) as developed by Di 

Palma et al., 2019

• Maximum amount of lysozyme molecules 

in the analysed area: 

2.18 × 1010 (40 femtomoles)

• Seven distinct lysozyme fragments 

detected
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ADDITIONAL INFORMATION

• We hope the information provided in this case study is of interest.

• If you wish to get in touch with us to discuss any of the information provided, raise a query/concern or provide feedback 

then please use any of the methods listed below:

nmRC Commercial Services
Nanoscale & Microscale Research Centre

University Park
Nottingham

NG7 2RD

Telephone: +44(0)115 951 5046
Email: nmcs@nottingham.ac.uk
Fax: +44 (0)115 846 7969 
Website: www.nottingham.ac.uk/nmrc-commercial
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