
Rapid Automated Analysis of 

Lipoproteins in Blood by NMR

(Developed at NC State Univ and LipoScience)

David R. Morgan, PhD

NMR Service, LLC

North Carolina State Study Abroad Program



Contents of Today’s Talk

• Introduction to Lipoproteins

• Collecting the NMR data

• Automating the whole process
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The measured subclass signals come from the terminal 

methyl groups on the lipids in the particle shell and core

To a close approximation, the number of these methyl groups in a 

particle of given size is unaffected by lipid compositional variation.  

The measured amplitudes of the subclass signals are thus 

proportional to particle concentration. Clin Lab Med 2006;26:847-70



A Natural Physical-Chemical Phenomenon Links 

Lipoprotein Diameters to NMR Signal Frequencies

This invariant relationship makes lipoprotein subclass 

particles spectroscopically distinct, which enables their 

quantification without physical separation, chemical 

reactions, or sample pretreatment.



Particle Diameter Determines Lipid NMR Signal 
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Lipid Methyl Group Signal from Isolated Subclasses
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Proton NMR Spectrum of Blood Plasma
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NMR Spectroscopy Measures VLDL, LDL, and HDL 

Particle Subclasses Simultaneously

Clin Lab Med 2006;26:847-70

The subclass signals 

combine to produce the 

measured plasma signal.  

The subclass signal 

amplitudes (derived by 

“deconvolution”) give the 

subclass concentrations.

“The whole is the 

sum of its parts” envelope



What makes NMR special?

• It is non-destructive

• You can do NMR on liquids and solids

• You can do NMR at high and low temperatures

• You can do NMR on mixtures- Metabolomics

• It is quantitative over a large range of concentrations

• It can give information on rates of change

• It can give you 3-dimensional structural information



Considerations in NMR Data Acquisition

Many variables must be considered:

– Magnet strength

– Pulse sequence

– Required S/N

– Processing parameters

– Glass tube or flow probe

– Addition of buffer and/or standards

– Temperature of sample



Acquisition of NMR Data

Many variables must be considered:

– Magnet strength - 9.4 T or 400 MHz

– Pulse sequence and acquisition parameters – WET 

water suppression, number of scans, etc.

– Required S/N - > 100

– Processing parameters – Resolution enhancement

– Glass tube or flow probe – Flow probe

– Addition of buffer and/or standards – Dilution 

buffer

– Temperature of sample – 47 C



Advantages of Flow NMR

• No need to buy expensive NMR tubes

• Simple waste disposal

• Flow cell never moves so the shims rarely 

need to change

• Permanent flow cell helps keep phase the same

• Volume of flow cell is constant which is 

important for absolute quantitation



Considerations for Using Plasma/Serum

in Flow NMR

• ADVANTAGES

- Consistent pH and ionic strength

- Relatively high concentrations of analytes

• DISADVANTAGES

- Viscous

- Can have clots

- Requires good cleaning protocol for 

tubing

•



Requirements For Rapid, Accurate Analysis

• Optimized fluidics, including heating the 

sample on the way to the magnet

• Optimized NMR parameters and calibrated 

NMR spectrometer.  This means we don’t have 

to add an internal concentration standard!

• Integrated software and data processing



Steps for Acquiring a NMR LipoProfile

• Dilute the sample with buffer (Not an internal standard)

• Transfer the sample to the NMR probe

• Warm the sample to 47C

• Collect a water-suppressed proton NMR spectrum

• Apply a window function, Fourier transform the data 

and phase the spectrum

• Analyze spectrum with deconvolution software



Last Century Automation (1998)

6 minutes/test

Just for data 

acquisition



2003 Centralized Testing in Raleigh, NC

3 min/test



We Learned a Lot From Running 15 

Identical Instruments

• NMR Manufacturers don’t have resources to 

thoroughly test their instruments-We became 

the experts on their systems

• We learned about instrument precision, 

instrument reliability, shim stability, magnet 

drift, vibrations

• We learned about human factors in doing 

repetitive, complicated tasks



After 4,000,000 samples it was time to 

do things differently

We needed to:

• Have the test run at multiple locations to save 

time and shipping costs

• Allow other labs to profit from running our test

• Improve the automation to make it easier and 

faster to run a test



Design Goals For a New Instrument

• Look and feel like a typical clinical instrument

• Fluidics and NMR must be completely integrated

• Primary tube sampling, no pre-analytical processing

• Automatic calibration

• Reagent free, no kits or chemical reactants

• All processes including QC and final report are done 

on the instrument

• No knowledge of NMR required to run instrument



Prototype 3D Drawing 



Reality



Magnet has been lowered and probe installs from the top



Replaceable flow cell



Standard Agilent 400 MR Console



On Board Bulk Fluids –

Wash, Rinse, Waste



Sample tubes fit on Olympus racks



Rack loading area.  Up to 200 samples may 

be loaded at one time.



Prototype Testing Was Going Well 

Until One Warm Spring Day

• We checked everything we could think of and 

finally realized it was related to the increased 

room temperature.

• What to do about it?



Temperature Chamber



Inside the Temperature Chamber



Temperature Problem Solved

We added a temperature sensor to electronics to 

compensate for changes in room temperature

99

100

101

102

103

104

105

106

62 64 66 68 70 72 74 76

N
o

rm
a

li
ze

d
 T

M
A

 I
n

te
g

ra
l

Lab Temperature (F)

AutoINF-ON

AutoINF-OFF

Linear (AutoINF-ON)

Linear (AutoINF-OFF)



We Needed to Create a Standard Sample That 

Could Test the Instrument Performance

• It had to be easy to make

• It had to have a long shelf life

• It had to have similar NMR properties to 

serum/plasma

• Ideally, it would be cheap and have low 

toxicity



Spectrum of NMR Reference Standard

T

M

A

EDTA and CaEDTA

Residual 

water

http://images.google.com/imgres?imgurl=http://www.chemblink.com/structures/75-98-9.gif&imgrefurl=http://www.chemblink.com/products/75-98-9.htm&h=52&w=66&sz=2&hl=en&start=0&tbnid=kxTHFYty1nEKAM:&tbnh=51&tbnw=65&prev=/images?q%3Dtrimethylacetic%2Bacid%26gbv%3D2%26svnum%3D10%26hl%3Den%26safe%3Doff%26sa%3DX
http://images.google.com/imgres?imgurl=http://www.chemblink.com/structures/75-98-9.gif&imgrefurl=http://www.chemblink.com/products/75-98-9.htm&h=52&w=66&sz=2&hl=en&start=0&tbnid=kxTHFYty1nEKAM:&tbnh=51&tbnw=65&prev=/images?q%3Dtrimethylacetic%2Bacid%26gbv%3D2%26svnum%3D10%26hl%3Den%26safe%3Doff%26sa%3DX


What Information Does the NMR 

Reference Standard Provide?

• Shows that the NMR is working

• Allows us to shim the magnet

• Allows a day-to-day comparison of system sensitivity

• Allows us to measure the temperature of the sample 

• The sharp peaks and flat baseline allow us to monitor 
vibrations and measure the signal/noise

• Allows us to find the phase

• We can check the pH because the positions of the 
EDTA peaks are sensitive to pH changes 



Instrument Start Up -

NMR Calibration

• Solution of calibration standard with appropriate bar 

code is placed on rack and run button pushed

• System checks temperature, lineshape, match and 

tuning, S/N, pw90, and integral of standard and 

records the phase

• System shims and adjusts field if needed

• If all parameters are within specifications the tube on 

the GUI turns green and samples can be run

• Calibration is scheduled for once/24 hours but may be 

run more often at the labs discretion



Quality Control Monitoring

• System temperatures are monitored

• Sample temperature is measured 

spectroscopically

• Linewidths, concentrations and phases are 

monitored for each sample

• System will stop and go to “out of calibration” 

state if it accumulates too many warnings or 

too many errors



Safety features

• 5 gauss line is within the enclosure

• Moving parts stop when doors are open

• 1-button stop

• UPS with auto-shutdown after 10 minutes with 

no power



User Interface-Touch Screen



Settings menu



Sample rack in progress



System temperatures 



Reagent/Diluent carousel



System Bulk Fluids



Results page



Status of the Technology

• LabCorp purchased LipoScience on Nov. 21, 2014.

• Setup 9 NMR analyzers in their Burlington, NC 

facility

• Closed Raleigh facility- May 2017

• Have small research group in Research Triangle Park, 

working on new assay development



Future Analytes

• TMAO - Trimethyl amine N-oxide

• Inflammation Markers

• Branched Chain Amino Acids (BCAA)



Future Instrument Improvements

• Higher magnetic fields

• Smaller magnets

• Smaller electronics

• Gas-cooled probes for higher sensitivity
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