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Date Topic Lecturer

10/26 Applications of NMR-based metabolomics I - Preface M-S Hsiao 蕭明熙教授

11/02 Applications of NMR-based metabolomics II - Cancers M-S Hsiao

11/09 Applications of NMR-based metabolomics III- Diabetes M-S Hsiao

11/16
Applications of NMR-based metabolomics IV -
Cardiovascular and neurodegenerative diseases

M-S Hsiao

TIGP-Course: NMR Spectroscopy-based Metabolomics

Class hours: Thursday, 10:00-12:00

Classroom: A507, Institute of Chemistry, Academia Sinica



NBRP國家生技研究園區-核磁共振核心

600A

600B

600C

600A

• NBRP users 
• Reservation < 1hr
• Acquire 1H, 13C, 19F, 31P  signals
• Auto-sampling for 24 samples
• Open for self-operation

600B

• NMR collection services by core staff 
• Open for long reservation
• Acquire 1H, 13C, 19F, 31P  signals
• Cooled auto-sampling for 24 samples
• Open for self-operation

600C

• Bruker IVDr system
• Automatic metabolic profiling for human 

plasma/serum and urine samples  
• High-throughput cooled auto-sampling 

for 96 x 5 samples

核心人員:羅元超、袁茂嘉、王瓊萩



Outline:

• What is Metabolomics

• NMR Metabolomics

• Bruker IVDr Platform for 
Automatic Metabolic 
Profiling



For Beginners!!

 Two Researchers: David Wishart & Jeremy Nicholson

 Websites:

 https://www.tmicwishartnode.ca/

 https://hmdb.ca/

 https://www.metaboanalyst.ca/

 References: SO MUCH !!!

https://www.tmicwishartnode.ca/
https://hmdb.ca/
https://www.metaboanalyst.ca/


What is Metabolomics

Metabolomics is the study of small molecules 
called metabolites. Metabolomics is an 
emerging field of “omics” research 
specializing in the near-global analysis of 
small-molecule metabolites (1.5 KDa) found in 
living organisms.
Metabolomics is applicable in many disciplines 
including disease diagnostics, agriculture, 
food and safety, and pharmaceutical research 
and development.
The use of metabolomics allows for the 
discovery of biomarkers, which in turn leads to 
the development of improved screening 
methods. 

https://www.tmicwishartnode.ca/metabolomics-services/



Targeted vs Untargeted Metabolomics

Targeted: Metabolites, known a priori, are defined by the biological problem and may represent a 
class of molecules or a specific pathway. 

Untargeted: This type of analysis involves identification and quantification of as many metabolites as 
possible. 



Equipment Used for Metabolomics

• High stability and 
reproducibility



Gut flora metabolism of phosphatidylcholine 
promotes cardiovascular disease

Nature. 2011 Apr 7;472(7341):57-63 (5060 Citations) 



Metabolite Profiles and the Risk of Developing 
Diabetes

Nat. Med. 2011 Apr 7; 17(4): 448-453 (3027 Citations) 

Chronic exposure to high levels of 
carbohydrates and/or high levels of 
essential amino acids (Ile, Leu, Val, 
Phe, Tyr) eventually overwhelm 
the insulin-signaling process, 
leading to insulin resistance, which 
is a hallmark of type 2 diabetes.

BCAAs  can act as biomarkers for 
type 2 Diabetes.



Cancer Metabolomics

Nat. Rev. Drug Discov. 15, 473–482 (2016).



Why NMR Metabolomics ?

Nat. Rev. Drug Discov. 15, 473–482 (2016).



The Human Serum Metabolome

PLoS One. 2011; 6(2): e16957. (1317 Citations)



The Human Urine Metabolome

PLoS One. 2013; 8(9): e73076. (1064 Citations)



NMR Metabolomics Experiment Design

https://www.reddit.com/r/MapPorn/comments/pw8id/map_of_the_human_metabolic_pathways_2997x1849/

Spectral Analysis

Identity

Concentration

# of metabolites

What do you want to see?

Instrument

Sample Spectrum type

Spectra

Data

Results

Statistical Analysis

Quality Management (SOPs)

Processing

Limit of Detection (LoD)

Limit of Quantification (LoQ)

Databases
PCA, PLS-DA,
Etc.



ACCURATE
 Sample preparation to be simple save time, less chance of 

errors, requires less training, less contaminants
• Fewer steps per sample
• Automation – Push-button operation

 Sample concentration to be high less NS, higher S/N, more 
accurate quantification
• Add less buffer

 Duplicate samples  better statistics, error averages out
 Sample viscosity to be low better spectral resolution

• Optimization of buffer, temperature, etc.

Sample Preparation:



Spectrum type:

NOESY-PRESATuration (noesypr1d)
• Adequate suppression of solvent
• Easy to implement
• Does not require exotic hardware
• Consistency (everybody is using it)

• Disadvantages
• Not good for very dilute samples

• Improvements
• Gradients (noesygppr)

CPMG-PRESAturation (cpmgpr1d)
• Carr-Purcell-Meiboom-Gill
• Selects for specific time ranges of 

motion molecular weight filter
• Allows detection of small molecules in 

a mixture of large and small molecules.

• Lower signal intensity
• Tricky quantitation



NMR Instrument:

Better dispersion (within same range)



Example: Serum

Serum
cpmgpr1d

Serum
noesypr1d

Serum treated with MeOH
noesygppr1d



Targeted & Untargeted NMR Metabolomics

Targeted NMR Metabolomics

Untargeted NMR Metabolomics

Statistical Analysis

PCA PLSDA

Metabolites Identification



• Is the metabolite known to exist in the biospecimen (or the 
species)?

• What is the typical concentration range of the metabolite?

• What are the (other) typical metabolite signals in your 
observation window?

• What other experiments or techniques could you perform or use 
to obtain more information?

• If in doubt, leave the signals alone!

Tips for Metabolites Identification 



• Chemical shift position of each 
nucleus

• Splitting patterns
• Sample type and origin

• Extras
• 2D spectra
• Other spectroscopy data
• Metabolite information
• Etc…

NMR Databases



HMDB
D-Glucose (HMDB0000122)



Metabolites Identification using Chenomx



Easy Metabolites First

Lactate Alanine

Glutamate?
Glutamine?

1.3 ppm 1.5 ppm

2.3 ppm 2.1 ppm
Glutamate?
Glutamine?



Untargeted NMR Metabolomics using Mnova

Baseline   
Correction

Manual
Phase

Reference Alignment

Binning Normalize Exclude 
Regions

Save as 

CSV file

0.04 ppm ?



What IVDr can Help ?

https://www.reddit.com/r/MapPorn/comments/pw8id/map_of_the_human_metabolic_pathways_2997x1849/

Data

Results
Statistical Analysis

Bruker IVDr Platform for Human 
Plasma/Serum and Urine

PCA PLSDA



IVDr Platform: Fully Automated NMR Metabolic 
Profiling for Human Bodyfluids Samples

Plasma NMR

Urine NMR

15 Replicates
1 Spectrometer

Creatinine - Creatine
50 Replicates
2 Spectrometers

Anywhere & 
anytime! Standardisation

 Automation

 Scalability

 Sustainability

Bruker IVDr platform is for Research Use Only 
and not for Use in Clinical Diagnostic Procedures 



Follow SOPs

解凍

加緩衝液

移入核磁管
放入SampleJet

寫好樣品編號，開始實驗

Steps in Bruker IVDr Platform

~20 mins for 1 sample



IVDr Sample Preparation:



pH -Effect on urinary NMR signal positions



Preparation Procedure - Urine

In urine, pH -adjustment does not reduce positional variability. 



pH Estimation for Urine

In urine, NMR signal positions are affected by pH, ion composition and 
concentration. pH -adjustment does not reduce positional variability. 



Plasma with Heparin (NO !!!)



Plasma with Sodium Citrate (OK)

Citrate



Plasma with K2-EDTA (Recommended)



SOP for Blood Collection



Preparation Procedure – Plasma/Serum



SOPs in Calibration and Measurement

IVDr Sample Kit IVDr Buffers

•Software
 Automation software scripts
 Experimental parametersets
 ICON NMR configuration
 SampleTrack configuration

•Reference Samples and Buffers 
 Calibration samples for daily Quality Control and 

Optimization
 Pseudo Bodyfluid test samples
 Buffer solutions (starter kit)

•Sample preparation SOPs / Sample NMR Measurements SOPs

•Quality Control SOPs



Quality Control in NMR

• Advanced DAILY quality control of the system by calibration, validation and reporting 
methods: temperature <0.09 °C , shim (TSP < 0.8 Hz), water suppression (water 
hump -50% < 30Hz), quantification ( 98-102%)

• system suitability functionality i.e. temperature management and operation mode 
(5mm/3mm) push buttom

• Advanced monitoring of NMR parameters (p1, residual water, shim)  

• Supports reporting needs for laboratory accreditation. 

Quality Control
QC 

Report
Control 
Charts

(Filcor Calibration) √ √
Temperature Calibration √ √
Shim & Watersuppression 
Optimization

√ √

QuantRef Calibration & 
Validation

√ √

Bodyfluid screening 
NMR quality validation

√ √

• QC Report:
• spectrum title
• XML
• PDF

• Control Chart: 
• CSV table
• PDF



Temperature Calibration <0.09 °C

Calibration sample: MeOD 



Shim and Water Suppression (zgpr)

TSP < 0.8 Hz

Signal/noise > 300

Calibration sample: Sucrose in 10%D2O 



Shim and Water Suppression (noesygppr1d)

Calibration sample: Sucrose in 10%D2O 

TSP < 1.1 Hz



Quantification Validation (98-102%)



Validation for Plasma

Water < 30 mM Ala < 1.5 Hz
Quantification Reference:
10 mM protons



Validation for Urine

Water < 30 mM

TSP < 1.3 Hz

Quantification Reference:
10 mM protons



Automatic Matabolite Identification & Quantification

Bruker IVDr provides automatic identification on:

• 41 metabolites in Plasma/Serum

• 150 metabolites in Urine

• 115 Lipoprotein parameters in Plasma/Serum



Lipoprotein Analysis

115 Parameters:
CH, FC, TG, PL, 
ApoA1,A2,B100

Main and 
subfractions 
VLDL, LDL, HDL

density
size



Lipoprotein Report



GOOD Correlation between NMR and Biochemical Values

Glucose Cholesterol Triglycerides

LDL Cholesterol HDL Cholesterol

Provided by Taiwan BioBank



The classical lipid risk factors (Total Chol./HDL) CANNOT perfectly predict
cardiovascular disease in patients, sLDL subfraction has the potential to improve
risk prediction.

小顆低密度脂蛋白(sLDL)容易黏附至血管，且容易被氧化，導致心血管的疾
病。因此，sLDL的顆粒數可做為預測心血管疾病的重要風險因子

LDL

HDL

The super BAD LDL: sLDL



41 Plasma Metabolites:

by positing the mouse cursor on a metabolite name, the corresponding 
graphical fit display pops up in PDF report



150 Urine Metabolites:

Creatinine

Creatine

Phenylacetyl
glutamine

Tiglylglycine



Conclusions for IVDr

• NMR is a robust and highly reproducible spectroscopic method, allowing to integrate 
spectral data from all over the globe into post processing like statistical analysis and 
quantification for urine, plasma, CSF and Methanol extract of Bodyfluids, cell cultures or 
tissues.

• On Avance IVDr platform there are efficient enabling tools to generate large number of 
parameters out of 1 measurement, including targeted and non-targeted results

• Urine quantification is a tool generating up to 150 metabolites and the results can be linked 
to associated external knowledgebases (Metagene) to maximize information content

• Lipoprotein subclass analysis is a tool generating 115 lipoprotein related parameters in 1 
measurement under full automation, clinical relevance in cardiovascular risks. With the 
same measurement quantification of 41 small molecules can be done allowing to have 2 
different angles on a disease

• NMR can support biobanks offering input QC of samples and at the same time creating 
spectra that offer a substantial value add for the biobank
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