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Fast and Effective Complex Sample Desalting for Mass 

Spectroscopy Analysis Using the nHanceTM Peptide 

Capture System (PCS) 
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Benefits 

• Enables bottom-up proteomics through effective sample clean-up after enzymatic digestion procedures 

• Reduces ion-suppressing contaminants such as salts, detergents, and  clinically irrelevant proteins from the 

sample 

• Simple workflow, quick results  

Next Generation Peptide Extraction 
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Introduction 

Advances by instrument manufacturers have driven 

large-scale mass spectrometry (MS)-based peptidomics 

to the forefront of drug discovery and clinical 

diagnostic efforts.  The ability to detect and quantitate 

native and/or endogenous peptides in biological 

samples has provided extremely valuable clinical insight 

into the pathways and progression of disease, as well as 

the ability to monitor the mechanisms and efficacy of 

new drug candidates.  Recent technological 

innovations in the mass spectrometer industry have 

established liquid chromatography–mass spectrometry 

(LC-MS) as the preferred tool for high-throughput 

‘peptidomics’, however, despite these advances at the 

‘detector-level’, the bioanalytical community continues 

to struggle with achieving desired sensitivity, accuracy 

and precision for peptides residing in biological 

samples, such as blood, urine, and enzymatic digests.  

The fundamental challenge for the bioanalytical 

analysis of complex samples is overcoming detrimental 

‘matrix effects’ caused by the presence of ion-

suppressing sample components such as salts, 

detergents and clinically irrelevant, yet highly abundant 

proteins that contributed to low peak intensities and 

compromised peptide detection. The nHance™ 

Peptide Captures System (PCS) is an innovative sample 

preparation tool that offers fast and effective sample 

cleanup of common ion-suppressing contaminants to 

achieve desired peptide recovery with the accuracy 

and precision required for  validated assays.  

The Pharmaceutical 

Challenge 

The emergence of ‘biologics’ in the pharmaceutical 

industry is gradually capturing interest away from the 

development of conventional small molecule drugs.  

Recent regulatory approvals of new active 

pharmaceutical ingredients (API’s) support the growing 

interest in biologic drugs from the biopharma industry as 

they position large molecule API’s in their respective 

product pipelines.  This progression towards biologics has 

created an unforeseen, unmet need in the drug 

development lifecycle.  Conventional sample cleanup 

methods that are highly effective for small molecule 

drugs are clumsy, ineffective, and time consuming when 

applied to large molecule pharmaceuticals. The 

nHance™ Peptide Capture System (PCS) is the first 

sample preparation tool engineered specifically for 

peptide extraction from biological samples.      

  

Conventional Approaches and Their Drawbacks: 

The bioanalytical community challenged with the high-

throughput analysis and quantification of molecular 

targets in biological samples typically employs either LC-

MS or ligand binding approaches. 

Large-Scale Mass Spectrometry: State of the art mass 

spectrometers are exceptionally sensitive instruments 

that can be easily confounded by the presence of 

matrix components.  The unwanted material of 

biological samples have the propensity to aggregate in 

chromatography columns which effectively reduces 

their service life and increases the need for replacement 

and system maintenance. When matrix components are 

introduced into the mass spectrometer, these 

superfluous contaminates become ion-suppressing 

agents that degrade sensitivity and render the 

sophisticated instrumentation ineffective in its ability to 

isolate one or more target analytes from other 

components of complex samples.  As a result, sample 

cleanup methods remain a critical requirement for 

sensitive and selective LC-MS assays.  This results in 

additional steps requiring both additional time and 

labor. 

Solid Phase Extraction:  Solid phase extraction (SPE) 

is the most commonly employed high-throughput 

sample cleanup processes used by the 

bioanalytical community. SPE approaches are very 

effective for small molecule drugs because the 

short retention time is sufficient for analyte capture. 

The short retention time and shear forces 

experienced by larger molecules under pressure 

flow reduce SPE retention efficiency for peptides.  
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SPE can be highly effective for extracting small 

molecule analytes (< 300 Da), however, for larger 

molecules (500- 10,000 Da) like peptides, the 

process is less reliable and are often cumbersome 

and ineffective.  SPE is currently being applied to 

peptide extraction, however nonconventional 

SPE workflows must be adapted to achieve 

desired performance. Leading SPE microtiter 

plate manufacturers propose in their proprietary 

peptide extraction application notes multi-step 

sample cleanup methods utilizing such 

pretreatments as affinity depletion, protein 

precipitations, dilutions, and/or size exclusion 

fractionation techniques. These application notes 

often necessitate nonconventional multi-column 

chromatography configurations coupled with 

ultra-performance liquid chromatography-

tandem mass spectrometer (UPLC-MS/MS) 

systems to achieve desired peptide recovery.  

This approach may be acceptable in academic 

applications, but inconceivable in a high-

throughput bioanalytical facility like a contract 

research organization (CRO).  Complex, 

unconventional bioanalytical workflows for 

peptide extraction featured in proprietary 

application notes is a strong indicator that 

standard sample cleanup methods are 

inadequate when it comes to high-throughput 

peptide extraction from biological samples.  

The nHance™ Peptide 

Capture System 

The nHance™ Peptide Capture System (PCS) is a 

revolutionary, proprietary nanotechnology developed 

specifically for peptide sample preparation and 

quantification. This innovative bioanalytical tool eliminates 

many of the cumbersome steps associated with other 

approaches. The nanoporous coating at the heart of this 

system retains peptides within its nanopores based on size, 

electrostatic interaction optimizations and chemico-

physical surface modifications. Unlike conventional sample 

preparation technologies on the market today, target 

peptides are first captured from biological samples and 

are subsequently released after washing, in a quick and 

seamless elution step for MS analysis.  The nHance™ PCS 

technology is truly a ‘capture system’ for peptides and 

does not suffer from the challenges of conventional 

pressure driven flow-through systems that lack capture 

efficiency of larger molecular targets.   The ‘static’ 

environment of a non-flow through capture system 

provides the nHance™ PCS material sufficient time for 

both the size exclusion and electrostatic mechanisms of 

action to be fully utilized. Unwanted larger peptides, 

clinically relevant proteins and debris are removed during 

the washing procedures. Peptides of interest are extracted 

for subsequent identification and quantification absent of 

interference from the complex matrix.  

 

nHance™ General Method & Workflow 

The nHance™ PCS workflow consists of three critical steps:  

1) Loading, 2) Washing, & 3) Elution.  Please refer to 

attached appendices for more application specific 

instructions. 

 

Loading:  This step consists of employing the 

appropriate pH sample modulation for your target 

analyte, and the introduction  of an organic to 

“loosen” the peptide structure to encourage loading 

into the nHance™ nanoporous coating.  

 

Wash:  The washing steps are employed to remove 

any uncaptured proteins, salts, and other extraneous 

components  commonly contained in complex 

biological matrices.  Washing solutions are intended 

to remove unwanted sample material without 

impacting the retention of the target analytes loaded 

within the nHance nanoporous coating.   

 

Elution: Peptide extraction is achieved by employing 

the same principals and strategy used when loading 

the peptides from a complex matrix.  The elution 

solution will have the appropriate pH and organic 

modifier to elicit peptide release from the nHance™ 

material to promote optimal peptide recovery.   
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Although the nHance™ PCS 96 well plate was 

launched in January 2018, the innovative sample 

cleanup technology for peptide extraction from 

complex samples has been used in leading 

academic, the biopharma industry, and CRO labs 

across the country.  Third party validation is critical 

because all processing and procedures are executed 

without the direct supervision or control of nHance™ 

technical service providers.  Summaries of 

collaborative projects will be provided below (note 

that because of the proprietary nature of the target 

analytes, minimal information can be disclosed about 

the peptides).  For most cases, the nHance™ 

technical team was only provided with the estimated 

molecular weights of the peptides of interest, and their 

respective isoelectric points.  The significance of these 

peptide parameters in terms of nHance™ method 

development strategies can be found in the following 

nHance™ resource documentation: 

 pH Modulation App Note 

 nHance™ General Workflow  

 nHance™ Loading Capacity App note 

 

Desalting and Removal of Matrix Material Project: The 

primary challenge to conventional proteomics 

approaches is overcoming the presence of ion-

suppressing contaminants produced during the 

protein digestion process that introduce MS interfering 

byproducts such as salts, detergents and clinically 

irrelevant proteins.  Two large pharmaceutical 

companies expressed the need for a more effective 

sample clean up tool to enable peptide enrichment 

for subsequent MS analysis.  Only the molecular weight 

of their analytes of interest were provided.  Using the 

nHance™ general workflow documents, both 

companies were able to achieve the sample clean-

up they were seeking.  Table 1 displays redacted data 

generated by a pharmaceutical company customer 

comparing the peak area data (LC-MS) acquired 

from plasma samples that were processed by either a 

protein precipitation (PPT) or nHance™ workflow.   

 

Preeclampsia Urine Biomarker Project:  Preeclampsia is 

a life-threatening disease leading to preterm birth and 

many adverse outcomes in pregnancy.  Literature in 

the field has identified several fragments of albumin 

and α-1-antitrypsin (A1AT) as urine biomarkers of 

preeclampsia employing a surface-enhanced laser 

desorption/ionization mass spectroscopy (SELDI-MS) [1-

2].  Recent work published by Kononikhin et al (J. 

Proteomics 2016) evaluated lengthy SPE and size  

Case Study Summaries  Analyte  

Concentration 

nHance 

(Peak Area) 

Protein  

Precipitation 

(Peak Area) 

2 ng/mL 6595 4480 

20 ng/mL 74122 51000 

200 ng/mL 806746 678000 

1000 ng/mL 4365810 3600000 

Data Summary: 

 Two fold increase of therapeutic peptide 

 Extracted straight from plasma onto nHance™  

 Limit of Detection of 2 ng/mL – same as Protein 

Precipitation (PPT) 

 Operating in concentration range of typical 

therapeutic peptide 

 Much cleaner background than PPT 

Table 1: Customer generated data (proprietary 

information redacted) comparing analyte response 

(peak area LC-MS) from plasma samples processed by 

nHance™ and conventional protein clean up methods.   

exclusion chromatography (SEC) sample preparation 

methods prior to subsequent MS analysis on a nano-high-

performance liquid chromatography with tandem mass 

spectrometry (nano-HPLC-MS/MS) system to correlate 

preeclampsia with protein misfolding [3].  The intent of 

the study was to investigate the ability to relate the 

corresponding “misfoldome” of such pathogenesis to 

confirm that the disease could be monitored with 

endogenous peptidomics.  The aim of the nHance™ 

study was to evaluate the ability to achieve equal or 

better peptidomic detection without the need for 

laborious sample cleanup procedures and/or a high 

resolution MS instrument.  In the end, 267 peptides in the 

severe preeclampsia samples were identified while no 

significant hits were found in this m/z range for the 

control group.  Among them, 94 unique peptides with 

1152 total spectral counts were observed for A1AT, 

giving 61% sequence coverage.  This is higher than 

reported by Kononikhin et al., where only 14 peptides 

were found for A1AT [3].  The findings of this work was 

presented in a poster presentation at the 2017 ASMS 

Annual Conference in Indianapolis, IN.    
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The nHance™ PCS technology provides fast and effective sample cleanup of common ion-suppressing contaminants in 

complex matrices that result in low peak intensities and compromised peptide detection.  The intuitive nHance™ 

workflows overcomes the drawbacks and hassle of applying numerous small molecule sample cleanup methods and/or 

integration of non-conventional steps and equipment to achieve target peptide extraction.  The nHance™ Peptide 

Captures System is the next generation peptide extraction tool that offers fast and effective sample cleanup of common 

ion-suppressing contaminants to achieve desired peptide recovery with the accuracy and precision required for  

validated assays.  

Conclusion 

Figure 1: The nHance™ PCS technology provided significant extraction of endogenous urine peptides in the 1000-

5000 Dalton range as the result of the successful removal of  ion-suppressing contaminates contained in urine 

samples. 
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Application Support 

Contact us today at appsupport@nhancetechnology.com to see how nHance™ PCS can simplify your peptide and 

protein sample preparation for LC/MS analysis.  Our application team of seasoned bioanalytical chemists have 

significant experience in the use of LC/MS techniques for the detection and quantification of peptides and proteins.  

Contact Information 

Contact us today at info@nhancetechnology.com or visit us at www.nhancetechnology.com.  

Ordering Informaiton 

Shop at www.nhancetechnology.com/shop, place an order through Ariba, or email your Purchase Order at 

sales@nhancetechnology.com.  
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nHance™ PCS Quality Assurance 

The nHance™ PCS 96-well plate brings the precision, accuracy, and reproducibility of the semiconductor manufacturing 

industry to the bioanalytical community.  Respectful to its integrated circuit origins, the nHance™ PCS plates feature 

unparalleled control of all manufacturing processes resulting in tight product specification ranges and miniscule well-to-

well, plate-to-plate, batch-to-batch variation.  Each purchase of nHance™ products will include a certificate of analysis 

(COA) featuring critical product performance criteria with a detailed explanation of our quality control testing 

procedures.     
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