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Nanotrap® Particles for Mass Spectrometry: Performing 
on-particle protein digestion reduces total processing time 
and increases unique protein identifications
Introduction 
The Nanotrap® particle technology platform 
offers a powerful approach for enrichment of 
low abundance proteins prior to proteolytic 
digestion, fractionation by liquid 
chromatography, and analysis by mass 
spectrometry. For an experimental protocol and 
results from that protocol, see the October 2018 
Ceres Nanosciences application note, 
“Nanotrap® Particles for Mass Spectrometry: 
Enrichment of low abundance, low molecular 
weight proteins from human plasma samples."1 

In that application note, Nanotrap® particles are 
incubated with the sample and target proteins 
are bound to the particles. The Nanotrap® 
particles are washed and incubated with an 
elution buffer to release the captured proteins. 
Then, eluted proteins are subjected to trypsin 
digestion and desalting. Finally, the digested 
proteins are analyzed by LC-MS.  

This application note presents a simplified “on-
particle” digestion method, which reduces 
processing time by performing protein digestion 
and clean up while the proteins are still bound 
to the Nanotrap® particles (Figure 1), and which 
leads to a larger number of unique proteins 

Ordering Information 
Nanotrap® Catalog Number: 

• 33220 (Blue Protein Particles) 
• 33210 (White Protein Particles) 
www.ceresnano.com/proteincapture 

 
Scientific Support 
Additional protocol details, variations for use, 
and technical and customer support are 
available upon request. 

Contact Ceres Nanosciences 
Powering the Future of Diagnostics 

Phone  800-615-0418 
Email info@ceresnano.com 
Web www.ceresnano.com 

Figure 1. Streamlined Nanotrap® On-Particle digestion Method workflow for mass spectrometry1 
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1. Add Nanotrap® particles to sample and incubate for 30 minutes at room temperature. Then separate analyte-bound Nanotrap® particles from 
sample via centrifugation. Remove the supernatant and wash the analyte-bound particles.  

2. Perform on-particle trypsin digestion and sample clean up using StageTips.  
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identified via LC-MS. This note also compares a 
70-minute and 120-minute LC gradient time. 

Background 

Nanotrap® particles are engineered hydrogel 
particles that are functionalized with chemical 
affinity dyes and that can be used to concentrate 
low abundance peptides and proteins for 
detection by mass spectrometry1–5. Nanotrap® 
particles can be used in a variety of sample 
types, including blood, plasma, sweat, saliva, 
cerebrospinal fluid, and urine. Nanotrap® 
particles for protein enrichment include Blue 
particles, Azure particles (formerly “Purple”), 
and White particles. The Blue particles 
incorporate Cibacron Blue affinity dye, while the 
Azure particles incorporate the Reactive Blue 4 
affinity dye. The White particles do not contain 
affinity dyes and are polymerized with 
negatively charged monomers that serve as 
affinity baits. All have a hydrogel shell 
surrounding the functionalized core. The shell 
performs a size exclusion function and 
significantly curtails the interaction between 
larger proteins and the affinity baits inside the 
Nanotrap® particles. The shell of the Blue 
particles is further functionalized so that it 
repels negatively charged analytes.  

Nanotrap® Particle Protein 
Enrichment in Human Plasma 
Samples 

Study 

Blue Nanotrap® particles and a mixture of Blue 
and White Nanotrap® particles were used to 

enrich plasma proteins according to two sample 
processing methods:  

(1) a standard capture, elute, digest, and 
analysis method described previously1, and 

(2) an on-particle digestion method. 

These experiments were carried out in 
collaboration with the University of Colorado 
School of Medicine Biological Mass 
Spectrometry Facility.   

Materials 

Ceres Nanotrap® Particles 
Store at +4 ºC, do not freeze. 
• Nanotrap® Blue Protein Particles 
• Nanotrap® White Protein Particles 

Materials and Equipment Required for 
Nanotrap® Particle capture 

• 50 mM Tris-HCl, pH 7.4  
• 0.25 M sodium thiocyanate  
• 18.0 MΩ-cm purified water  
• Micro-centrifuge (must be able to reach 

speeds of 16,800 RCF)  
• Micro-centrifuge tubes (1.5 mL, 2.0 mL)  
• Vortex  

Materials and Equipment for on-particle 
digestion and cleanup for LC-MS analysis  

• 50 mM ammonium bicarbonate (ABC) 
• UA solution: 8 M urea in 100 mM ABC  
• 100 mM dithiothreitol (DTT) in UA solution 
• 0.5 M Iodoacetamide (IAA) in UA solution 
• 0.02% ProteaseMax in 50 mM ABC 
• MS-grade trypsin 
• 80% acetonitrile (ACN) with 1% formic acid 

(FA) 
• 0.1% formic acid (FA) 
• 3M™ Empore™ C18 Extraction disks (Sigma; 

cat. No. 2215) 
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• Micro-centrifuge (must be able to reach 
speeds of 16,800 RCF)  

• SpeedVac concentrator 
• Water with 0.1% Formic Acid Optima™ 

LC/MS grade (Fisher Scientific) 
• Acetonitrile with 0.1% Formic Acid Optima™ 

LC/MS grade (Fisher Scientific) 
• Easy-nLC 1000 Liquid chromatography 

system (Fisher Scientific) 
• Orbitrap Fusion™ Lumos™ Tribrid™ Mass 

Spectrometery (Fisher Scientific) 

Nanotrap® Sample Processing: On-
Particle Digestion Method 

Capture 

To start, 50 µL of plasma was diluted 1:3 in 50 
mM Tris, pH 7.4 and the diluted plasma sample 
was incubated with 50 µL of CN2020 Nanotrap® 
particles, or a 2:1 mixture of CN2020 and 
CN2030 Nanotrap® particles at room 
temperature for 30 minutes. Next, the particle-
sample suspension was centrifuged at 16,800 
relative centrifugal force (RCF) for 10 minutes at 
room temperature.  The supernatant was 
carefully removed from the particle pellet and 
transferred to a clean micro-centrifuge tube.  
Each particle pellet was washed with 500 µL 0.25 
M sodium thiocyanate, followed by two washes 
with 500 µL of 18.0 MΩ-cm purified water. Each 
sample was centrifuged between washes at 
16,800 RCF for 10 minutes.  

Digestion 

The washed particle pellet was resuspended in 
100 µL of 50 mM ammonium bicarbonate (ABC) 
followed by the addition of 10 µL of 100 mM 
dithiothreitol (DTT). The suspension was briefly 
vortexed to mix then incubated at room 
temperature for 30 minutes. The samples were 
then centrifuged at 16,800 RCF for 10 minutes 

and the supernatant was removed. The particles 
were resuspended in 100 µL of 50 mM ABC, then 
10 µL of 500 mM iodoacetamide (IAA) was 
added, and the mixture left to incubate for 10 
minutes in darkness. The samples were then 
centrifuged again at 16,800 RCF for 10 minutes, 
and the supernatant removed. The particles 
were resuspended in 500 µL of 50 mM ABC to 
remove residual DTT and IAA. After 
centrifugation and supernatant removal, 
ProteaseMax (0.02%) and MS-grade trypsin was 
added (1:50) to the particle pellet. The digestion 
reaction was left to incubate overnight (16-18h) 
at 37oC. The following day the samples were 
centrifuged and the supernatants were 
transferred to a clean micro-centrifuge tube. 
The pelleted particles were then washed twice 
in 100 µL of 80 % ACN with 1 % FA and the 
supernatants were pooled. The pooled 
supernatants were then concentrated by 
SpeedVac.  

Sample clean up 

The digested peptides were desalted on C18 
stop-and-go-extraction tips (StageTips).7 The 
StageTips were prepared by punching 3M™ 
Empore™ C18 material with a Hamilton 20-
gauge needle and inserting the disk into P200 
pipet tips. The StageTips were conditioned 
with 200 µL of 80% acetonitrile in 0.1% formic 
acid, then centrifuged for 1 minute at 1,500 RCF. 
The StageTips were then washed with 200 µL 
0.1% formic acid and transferred to clean 
microfuge tubes. Formic acid (0.1%) was then 
added to the concentrated sample to a final 
volume of 200 µL and vortexed for 15 – 20 
minutes. The samples were then added to the 
equilibrated StageTips and centrifuged for 1 
minute at 1,500 RCF. The flow-through was 
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reapplied to the StageTips three additional 
times to maximize sample binding. The 
StageTips were washed twice with 200 µL of 
0.1% formic acid and centrifuged at 1,500 RCF 
for 1 minute. The StageTips were transferred to 
a clean micro-centrifuge tube and subjected to 
two rounds of elution with 100 µL of 0.1% formic 
acid in 80% acetonitrile followed by 
centrifugation at 1,500 RCF. The eluent volume 
was reduced to near dryness via Speedvac, then 
resuspended with 20 µL of 0.1% formic acid for 
LC-MS analysis. 

LC-MS Analysis 

The peptides were separated by either a 70- or 
120-minute linear gradient from 4% to 32% 
acetonitrile with 0.1% formic acid at 400 nL/min. 
LC mobile phase solvents and sample dilutions 
used 0.1% formic acid in water (Buffer A) and 
0.1% formic acid in acetonitrile (Buffer B) 
(Optima™ LC/MS, Fisher Scientific, Pittsburgh, 
PA). Data acquisition was performed using the 
instrument-supplied Xcalibur™ (version 4.1) 
software.8-9 

MS/MS spectra were extracted from raw data 
files and converted into Mascot Generic Files 
(MGF) using Proteome Discoverer 2.2. The mgf 
files were then independently searched against 
human SwissProt database using Mascot™ 
server (Version 2.6.2, Matrix Science). Peptide 
tolerance was set at ± 10 ppm with MS/MS 
tolerance set at ± 25 ppm. Trypsin specificity was 
used allowing for 1 missed cleavage. The 
modifications of Met oxidation, protein N-
terminal acetylation, and peptide N-terminal 
pyroglutamic acid formation were allowed for 
variable modifications, and Cys 
carbamidomethylation was set as a fixed 
modification.9 

Scaffold (version 4.8, Proteome Software, 
Portland, OR, USA) was used to validate MS/MS 
based peptide and protein identifications. 
Peptide identifications were accepted if they 
could be established at greater than 95.0% 
probability as specified by the Peptide Prophet 
algorithm. Protein identifications were accepted 
if they could be established at greater than 
99.0% probability and contained at least two 
identified unique peptides.8 

Results  

Increasing the LC-gradient from 70 minutes to 
120 minutes resulted in a ~1.4 – fold increase in 
the number of proteins identified for both Blue 
and Blue/White particle processed samples, 
irrespective of sample processing method 
(Figure 2).  

The on-particle digestion method enabled 
another ~1.3 – fold increase in total number of 
identified proteins compared to the Standard 
method. When used in combination, the on-
particle digestion method and the longer LC 
gradient yielded the highest average number of 
unique proteins for both Blue (818 unique 

Figure 2: Nanotrap® particle processing with on-particle digestion 
leads to increased number of proteins identified by mass 
spectrometry as compared to the standard Nanotrap® processing 
method.  

Blue        Blue/White Blue        Blue/White 
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proteins) and CN2020/CN2030 (688 unique 
proteins) processed samples.  
Nanotrap® Blue particle performance 

Replicate measurements of samples processed 
with Blue particles using both standard and on-
particle digestion methods demonstrated good 
reproducibility with ≤ 11% CV across conditions 
(Table 1.).   

A comparison of the proteins identified using 
Nanotrap® particle processing with a 120-
minute LC gradient across both methods 
indicate that while there is significant overlap in 
the number of proteins are captured with both 
methods, the On-Particle Digestion method 
enriches significantly more proteins than the 
standard method alone (Figure 3).  

Nanotrap® Blue/White particle performance 
Samples processed with a mixture of Blue and 
White particles displayed similar trends and 
reproducibility as the samples processed with 
Blue particles alone, with the 120-minute LC 
gradient and on-particle digestion method 
enabling the largest number of identified 
proteins (Table 2.). 

 A representative breakdown of the numbers of 
unique proteins identified and the overlap 
across the two methods is reported in Figure 4. 

Blue Nanotrap® 
Sample Processing 

Method 

Standard 
Method 

On-Particle 
Digestion 
Method  

LC-Gradient (min) 70  120  70 120  

Number 
of 

Proteins 
Identified 

Rep 1 444 585 525 735 
Rep 2 445 671 647 897 
Rep 3 --- --- 626 823 

Average 445 628 599 818 
% CV 0.2% 10% 11% 10% 

Table 1: Nanotrap® on-particle digestion method enables 
more protein identifications using Blue particles than the 
standard method. 

Blue/White Nanotrap® 
Sample Processing 

Method 

Standard 
Method 

On-Particle 
Digestion 
Method  

LC-Gradient (min) 70  120  70 120  

Number 
of 

Proteins 
Identified 

Rep 1 377 547 498 671 
Rep 2 322 474 502 704 
Rep 3 --- --- 513 - 

Average 350 511 504 688 
% CV 11% 10% 2% 3% 

Table 2: Nanotrap® particle on-particle digestion method 
enables more protein identifications using the Blue/White  
particle mixture than the standard method. 

Figure 3. A representative comparison of the overlap and total 
number of unique proteins identified using Blue Nanotrap® 
particles with both standard and on-particle digestion 
methods.   

Figure 4. A representative comparison of the overlap and 
total number of unique proteins identified using a mixture 
of Blue and White Nanotrap® particles with both standard 
and on-particle digestion methods.   
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Conclusions  
Ceres’ Nanotrap® particle technology is easy-to-
use, versatile, and effective for enriching low 
abundance proteins from clinical specimens.   
The data here demonstrates that Nanotrap® 
particles and the performance of mass 
spectrometry sample analysis can be further 
improved through the use of an on-particle 
digestion method for sample processing.  
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