
  

 

Analysis of low-abundance plasma biomarker Klotho in under 4 hours 

Klotho is a transmembrane β-glucuronidase that is associated with aging [1] and has been identified as a 

biomarker for both chronic kidney disease [2] and Alzheimer’s disease [3]. Discovered in 1997, it has 

been a high profile target of multiple aging studies [4,5]. However, the study of Klotho and its use as a 

biomarker are challenged by the existence of multiple isoforms [6] which exhibit unique expression 

profiles [3], confounding the use of basic ELISAs designed for its detection. Alternatively, LC/MS/MS 

analysis allows for single-run multiplexed quantification of multiple isoforms. Rapid LC/MS/MS analysis 

of Klotho from plasma is demonstrated here using an integrated immunoaffinity/digestion platform for 

results in under 4 hours. 

Materials 

Recombinant human Klotho (rhKlotho) and human Klotho antibody were obtained from R&D Systems. 

Mouse plasma was obtained from Bioreclaimation. QuicPrep was provided by Perfinity Biosciences. 

DMSO was obtained from JT Baker. All other chemicals were obtained from Sigma Aldrich. 

Methods 

Antibody biotinylation - 500μL of 100μg/mL Klotho antibody was biotinylated by the addition of 2.5μL of 

0.5mg/mL NHS-biotin in DMSO. The solution was then incubated for 2 hours at room temperature (RT) 

and 1400rpm before storage at 4°C until subsequent use. 

Sample preparation – rhKlotho was spiked into mouse plasma in varying concentrations ranging from 

1.58ng/mL to 500ng/mL. 

Purification – 500μL of sample, 1μg (10μL) of biotinylated Klotho antibody, and 30μL of QuicPrep were 

added to a Protein LoBind 1.5mL Eppendorf tube and incubated for 2 hours at RT and 1400rpm. 

Following the capture step, 500μL of supernatant was decanted. 500μL of wash buffer was added to the 

samples before they were vortexed, then re-centrifuged. This was repeated for a total of seven washes.  

Digestion – After the final centrifugation, 460μL of supernatant was removed. 150μL of Low Salt Digest 

Buffer (QuicPrep) was added and samples were incubated at 70°C and 1400rpm for 90 minutes. 

Analysis – Following digestion, the samples were centrifuged and the supernatant was decanted for 

analysis. 50μL of sample was injected into a Dionex Ultimate 3000 LC system coupled to a Thermo 

VelosPro Ion Trap. Separation was performed on a Perfinity Halo Peptide ES-C18 column using a 

gradient from 2% mobile phase A (2% acetonitrile, 0.1% formic acid in water) to 50% mobile phase B 

(95% acetonitrile, 0.1% formic acid in water) at 0.5mL/min over 5 minutes. The peptides FSISWAR and 

LQDAYGGWANR were monitored. 

 



 

Results 

Using the integrated immunoaffinity/digestion platform and high flow LC/MS/MS we were able to 

achieve an LLOQ of 1.58ng/mL in mouse plasma. CVs at the LLOQ were 6.3 and 12.5% without the use of 

isotopic standards. Additionally, as seen in the Figure 1A & B, the data exhibited strong linearity across 

the dynamic range tested. 

 
Figure 1 Calibration curves for the detection of Klotho from plasma using QuicPrep. Samples were run in triplicate. A weighted 
fit was used (1/x where x is the analyte concentration). A shows the full range of the calibration curve. B shows the lower 
concentrations in greater detail. 

It is worth noting that two additional antibodies were tested during the course of this work. Both were 

ineffective at binding Klotho in biological matrices and therefore not used during the final 

implementation of this protocol. In total, method development was performed without difficulty over 

the course of 2 days. 

Conclusions 

A simple, robust method for the quantification of Klotho was developed.  In this case, immunoaffinity 

enrichment and digestion were performed in a single reactor in under 4 hours. Work to further improve 

sensitivity by means of low-flow chromatography and high resolution mass spectrometry is ongoing. 

Based on our current analysis and LLOQ we are highly confident that the full biological range of Klotho 

and its isoforms as well as numerous other low-abundance biomarkers can be accessed using this 

strategy. 
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