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An NMR Metabolomics Approach for Serum and 
Plasma Samples with Small or Variable Volumes

Tayyari, F. (UF, Biochemistry and Molecular Biology) and Edison, A. (UF, Biochemistry and Molecular Biology)  
Introduction 

Numerous metabolomics approaches focused on understanding, preventing, diagnosing and/or prognosticating human diseases have been investigated using NMR and Mass spectrometry. NMR spectroscopy provides a powerful and relatively unbiased approach to metabolomics studies. However, high-throughput NMR detection of volume-limited biofluids remains challenging.  

The Southeast Center for Integrated Metabolomics (SECIM) offers global metabolomics and sometimes receives samples for which the optimal volume is unavailable, for example in blood from mice. We describe a strategy that we have developed to obtaining useful 1H NMR spectra from serum/plasma samples containing low and/or variable volumes. 

Experimental 

Serum/ plasma ranging from 60 to 300 μL were extracted by cold methanol to remove proteins from samples.1 After proteins precipitated, supernatants were dried and re-suspended in either 60 μL or 600 μL phosphate buffer in D2O and transferred to a 1.7 mm or 5 mm NMR tubes, respectively.

NMR experiments were performed on a 600 MHz Bruker Avance II spectrometer equipped with a 5mm Cryoprobe. A 1D CPMG and/or NOESY presaturation pulse sequences were used for the experiments.
Results and Discussion


Protein signals in intact samples suppressed using the CPMG pulse sequence resulted in attenuating the concentration of metabolites bound to proteins. NOESYPR1d can be used after proteins are removed. Results indicated better signal to noise ratio using 1.7mm compared to 5 mm NMR tubes with variable volumes from 60 to 300μL. Eight replicates of four different volume plasma samples of 60, 120, 240 and 300 μl were extracted. Replicates were divided into two sets and for each set either 1.7 mm or 5 mm NMR tubes were used. Receiver gain increased 1.7 fold by using 1.7 mm tubes. Figure 1. shows the average S/N enhancement for the two metabolites, valine and Alanine, using 1.7 mm vs. 5 mm tubes  which are 1.9, 1.7, 1.6, and 1.9 fold for 60, 120, 240, and 300 μL, respectively. 
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Conclusions

This approach addresses practical issues involved in obtaining high-throughput, high-resolution 1H NMR spectra and permits to investigate and quantify metabolites for serum/plasma having volumes as low as 60 μL. It is an ideal alternative for samples with small and variable volumes among them. However, it is suggested to keep the range of volumes small as possible for less variation causing by block size.

Results can be improved significantly using a 1.7mm probe. However, our results show using 1.7 mm tube with a 5mm probe can improve the signal to noise ratio. Signal to noise enhancement is very important for identification and quantification of metabolites in small amounts or small variation between groups. 
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Fig.1 Signal to noise ratio for valine and alnine









