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Nanotrap® Particles for Mass Spectrometry: Enrichment 
of low abundance, low molecular weight proteins from 
human plasma samples
Introduction 
Conventional proteomic biomarker discovery 
methods typically involve removal of abundant 
proteins via expensive affinity reagents followed 
by proteolytic digestion of the intact proteins 
and fractionation processes such as high-
performance liquid chromatography (HPLC). In 
addition to relying on this labor- and time-
intensive process, conventional proteomic 
biomarker discovery is often challenged by the 
low abundance of the analytes of interest. 

The Nanotrap® particle technology offers a 
straightforward and effective approach to 
discovery of low abundance analytes of interest 
(Figure 1). This application note provides a brief 
description of the Nanotrap® particle 
technology platform and presents an 
experimental protocol and results for 
enrichment of low abundance proteins prior to 
proteolytic digestion, fractionation by liquid 
chromatography, and analysis by mass 
spectrometry. 

Background 

Nanotrap® particles are engineered hydrogel 
particles that can concentrate low abundance 
peptides and proteins for detection via mass 
spectrometry.1–4 In a sample agnostic process, 
the versatile Nanotrap® particle technology can 

Ordering Information 
Nanotrap® Catalog Number: 

• 33230 (Azure Protein Particles*) 
• 33220 (Blue Protein Particles) 
• 33210 (White Protein Particles) 
• 33200 (Discovery Kit, includes all 3) 
www.ceresnano.com/proteincapture 

* “Azure” is new name for Purple particles 

Scientific Support 
Additional protocol details, variations for use, 
and technical and customer support are 
available upon request. 
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Figure 1: The Nanotrap® particle technology offers a straightforward workflow to maximize the efficiency of peptide capture. 1) 
Nanotrap® particles are incubated in a sample, shown here as plasma. 2) Captured peptides are retained within the Nanotrap® 
particles and the particles are separated from the remainder of the sample. 3) Elution buffer is added to Nanotrap® particles, which 
releases the captured peptides from the particles. Nanotrap® particles are then separated from the eluted peptides and the eluted 
peptides are analyzed by mass spectrometry. 

http://www.ceresnano.com/proteincapture
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be applied to a variety of sample types, including 
blood, plasma, sweat, saliva, cerebrospinal fluid, 
and urine. 

Through the use of a three-step synthesis 
process, Ceres has produced a wide variety of 
Nanotrap® particles (Figure 2) with a range of 
capture capabilities for various biomarker 
targets. These three steps are (1) core 
precipitation polymerization, (2) affinity dye 
coupling, and (3) shell addition. Additionally, 
Nanotrap® particles can be functionalized with a 
magnetic core, enabling applications in 
automated, high-throughput environments.  

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. 

Nanotrap® Particle Protein 
Enrichment in Clinical Plasma 
Samples  

Study 

Nanotrap® particles for mass spectrometry were 
used to enrich plasma proteins in healthy human 
samples, fibrinolysis shutdown samples 
(patients who are prone to generate lung 
thrombi and subsequent organ failure), and 
hyperfibrinolysis samples (patients who don’t 
clot off injuries). 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 
• Nanotrap® Azure Protein Particles 

Additional Reagents, Materials and Equipment 
Required for Nanotrap® Particle Processing 

• Elution buffer for Nanotrap® particles (70% 
Acetonitrile, 10% Ammonium hydroxide by 
volume) 

• Tris HCl 50 mM, pH 7.4 
• 18.0 MΩ-cm purified water 
• Micro-centrifuge (16,800 g) 
• N2 evaporator 
• Microcentrifuge tubes (1.5 mL)  

Nanotrap® Particle Sample Processing 
Methods 
Capture 

Each plasma sample was processed with the 
three different Nanotrap® particle types 

Figure 2: Different affinity baits capture different peptide 
targets.  
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optimized for mass spectrometry. To start, 50 µL 
of plasma was diluted 1:3 in 50 mM Tris, pH 7.4 
and the samples were incubated with 50 µL of 
each Nanotrap® particle slurry at room 
temperature for 30 minutes. Next, the particle-
sample suspension was centrifuged at 16,800 g 
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 with centrifuging of each 
sample in between washes at 16,800 g for 10 
minutes.  

Elution 

Captured proteins were released from the 
particles by adding 100 µL of freshly prepared 
elution buffer (70% ACN/10% NH4OH) to the 
particle pellets. The particles were resuspended 
and sonicated for 2 minutes.  This process was 
repeated for a second time and each eluate was 
transferred and combined in a fresh 
microcentrifuge tube. The resultant eluates 
were then dried down using an N2 evaporator 
and stored overnight at -80 oC.  

Analysis 

Following Nanotrap® particle processing, the 
dried eluates were trypsin digested using the 
FASP protocol5, followed by C18 peptide 
desalting. Samples were analyzed on a Thermo 
Scientific™ Orbitrap Fusion™ Lumos™ Tribrid™ 
Mass Spectrometer coupled to an Easy-nLC 1000 
Liquid Chromatography System (Thermo Fisher 
Scientific) through a nanoelectrospray ion 
source.   

Peptides were separated on a C18 analytical 
column that was made in-house (100 µm 
internal diameter, 20 cm length) packed with 
2.7 µm Phenomenex Cortecs particles. After 
equilibration with 3 μL 5% acetonitrile/0.1% 
formic acid, the peptides were separated by a 
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. 6 

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.7 

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 
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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.7 

Results 

Healthy Plasma 

Processing normal healthy human plasma with 
Nanotrap® particles resulted in a 2.7-fold 
increase in the total number of proteins 
identified, and a 2.9-fold increase in the number 
of proteins identified below 60 kDa as compared 
to samples without Nanotrap® particle 
enrichment (Table 1.)  

 
Normal Healthy Plasma 

Sample 
processing 

Total 
peptide 
matches  

Total 
proteins 
identified  

Number of 
proteins identified 
below 60 kDa 

Blue 
Nanotrap® 
particles 

4,771 706 513 

White 
Nanotrap® 
particles 

4,454 639 434 

Azure 
Nanotrap® 
particles 

4,452 650 472 

Without 
Nanotrap® 
particles  

2,195 245 166 

A breakdown of the numbers of unique proteins 
identified from healthy human plasma for each 
Nanotrap® particle type is reported in Figure 3.  

 Hyperfibrinolysis Patient Plasma 

Nanotrap® particle processing of 
hyperfibrinolysis patient plasma resulted in a 

2.1-fold increase in the total number of proteins 
identified, and a 2.3-fold increase in the number 
of proteins identified below 60 kDa as compared 
to samples without Nanotrap® particle 
enrichment (Table 2.) 

 
Hyperfibrinolysis Patient Plasma 

Sample 
Processing 

Total 
peptide 
matches  

Total 
proteins 
identified  

Number of proteins 
identified below 60 
kDa 

Blue 
Nanotrap® 
particles 

4,834 756 587 

White 
Nanotrap® 
particles 

4,835 708 523 

Azure 
Nanotrap® 
particles 

3,503 565 435 

Without 
Nanotrap® 
particles  

2,330 323 227 

 
The numbers of unique proteins identified 
from hyperfibrinolysis patient plasma are 
broken down by the different Nanotrap® 
particle types in Figure 4. 

Table 1: Nanotrap® particle processing of normal healthy 
plasma leads to much larger number of proteins identified 
by mass spectrometry as compared to un-processed plasma.  

Table 2: Nanotrap® particle processing of hyperfibrinolysis 
patient plasma similarly lead to an increase in the number 
of proteins identified by mass spectrometry as compared 
to un-processed plasma.  

Figure 3: Total number of unique proteins identified using 
Nanotrap® particle processing of healthy plasma. A total of 
827 proteins were identified across all three particle types.  
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Shutdown Patient Plasma 
Processing shutdown patient plasma with 
Nanotrap® particles lead to a 2.0-fold 
increase in the total number of proteins 
identified, and a 2.1-fold increase in the 
number of proteins identified having 
molecular weights below 60 kDa as 
compared to samples without Nanotrap® 
particle enrichment (Table 3.) 

 
Fibrinolysis Shutdown Patient Plasma 

Sample 
Processing 

Total 
peptide 
matches  

Total Number 
of proteins 
identified  

Number of proteins 
identified below 60 
kDa 

Blue 
Nanotrap® 
particles 

3,667 530 388 

White 
Nanotrap® 
particles 

2,985 453 324 

Azure 
Nanotrap® 
particles 

3,499 487 354 

Without 
Nanotrap® 
particles  

2,195 248 171 

A breakdown of the numbers of unique 
proteins identified from shutdown patient 

plasma per Nanotrap® particle type is 
reported in Figure 5. 

Conclusions  
Ceres’ Nanotrap® particle technology is an easy-
to-use, versatile, and effective solution for 
enriching proteins from clinical specimens. 
These data demonstrate that use of the 
Nanotrap® particles results in a significantly 
greater numbers of unique peptides and 
proteins identified compared to non-enriched 
plasma specimens, especially with respect to 
low-molecular weight proteins.  

Each of the three Nanotrap® particle types 
effectively doubled the number of proteins 
identified across healthy and disease plasma 
samples. Moreover, the data in Figures 3, 4, and 
5 suggests that using combinations of 
Nanotrap® particle types for sample processing 
can provide an even greater diversity of 
identified proteins (e.g. a mix of Blue and White 
particles).    

Figure 4: Total number of unique proteins identified using 
Nanotrap® particle processing of hyperfibrinolysis patient 
plasma. A total of 924 proteins were identified across all three 
particle types.  

Table 3: Nanotrap® particle processing of Shutdown patient 
plasma leads to much larger number of proteins identified by 
mass spectrometry as compared to un-processed plasma.  

Figure 5: Total number of unique proteins identified using 
Nanotrap® particle processing of shutdown patient plasma. A total 
of 607 proteins were identified across all three particle types.  
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