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High resolution accurate mass LC/TOF or Q-TOF MS 
is routinely used in metabolomics for discovery work. 
However, some analytical challenges remain 
including:

1) Retention of ionic metabolites.

2) Reproducibility in presence of salt.

3) Chromatographic separation of biologically 
relevant isomers.

4) Broad coverage of metabolite classes.  

To address these challenges, we have developed a 
new HILIC LC/Q-TOF MS method with the aim of 
improving analytical performance for metabolome 
profiling.  

• The preliminary results showed that the 
reproducibility of ionic and polar metabolites is 
greatly improved even in the presence of high salt 
concentration. 

• By optimizing the chromatographic conditions, a 
superior analytical selectivity was achieved for 
important biological isomers and a broad class of 
metabolites was detected. 

• Thus, it offers a powerful solution for 
comprehensive metabolomics profiling.

Introduction Experimental

LC/MS Analysis

Metabolite standards were separated using Agilent’s 
InfinityLab Poroshell 120 HILIC-Z columns (2.1 x 150 
mm) on a 1290 LC system coupled on-line with a 
6545 Q-TOF.

Labeled and unlabeled metabolite yeast extracts were 
obtained from Cambridge Isotope Laboratories.

Mobile phase and gradient conditions

For positive ion mode:

(A) 10 mM ammonium formate in water with 0.1% 
formic acid

(B) 10 mM ammonium formate in water/acetonitrile 
10:90 (v/v) with 0.1% formic acid

• A non-linear gradient from 98% to 5% B in 18 
minutes was used with a re-equilibration time of 5 
minutes

For negative ion mode:

(A) 10 mM ammonium acetate in water with 2.5 µM 
medronic acid, pH=9

(B) 10 mM ammonium acetate in water/acetonitrile 
15:85 (v/v) with 2.5 µM medronic acid, pH=9

• A non-linear gradient from 96% to 65% B in 24 
minutes was used with a re-equilibration time of 5 
minutes

Flow rate: 0.25 mL/min

(A) (B)

Figure 1. A robust and high performance HILIC LC/Q-TOF MS  
method was developed to improve the analytical selectivity, 
reproducibility, and coverage of metabolite for metabolome 
profiling using (A) 1290 Infinity Binary LC system coupled with 
6545 Q-TOF (B) a newly developed HILIC column (p/n
673775-924) coupled with (C) a novel mobile phase additive
(InfinityLab Deactivator Additive p/n 5191-4506). 

Results and Discussion

Figure 2. Chromatograms of structural isomers separated by
HILIC LC/MS method.

Resolving Biologically Important Isomers
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Results and Discussion

For Research Use Only. Not for use in diagnostic procedures.

Developing a Robust HILIC-LC/MS Method to Analyze 
Polar Metabolites

Vitamins (11) Amino Acids (24) Polyamines (3)

Counts (%) vs. Acquisition Time (min)

(B) Negative Ion Mode

Counts (%) vs. Acquisition Time (min)

(A) Positive Ion Mode

Resolving Near-isobaric Metabolites

Figure 4. The chromatographic gradient, mobile phase pH, buffer 
concentration, and column temperature were carefully optimized 
for the analysis of polar metabolites in both (A) positive and (B) 
negative ion mode. 

Table 2. Separation of near-isobaric metabolites

List of Structural Isomers Investigated

Table 1. Separation of structural isomers.

Tolerance to Biological Levels of Salt

Figure 3. Metabolite standards were spiked with salt that was 
equivalent to 20% and 40% of salt concentrations found in 
human urine. Higher salt concentrations (>40%) were not 
attempted because the salt was not soluble in the sample 
matrix (80% ACN).   

Control

20% Salt (80 mM Urea, 40 mM NaCl)

40% Salt (160 mM Urea, 80 mM NaCl)

AMP ADP ATP

Counts vs. Acquisition Time (min)

− Amino acids (28)
− Mono and di-saccharides (6)
− Sugar mono and di-phosphates (8)
− Mono, di, and tri-organic acids (15)

− Nucleotides (6)
− Coenzyme A derivatives (6)
− Energy and redox metabolites (5)

(for example, FAD, NAD(P)(H))
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Results and Discussion

A new HILIC LC/Q-TOF MS method was developed with superior analytical performance:

• Global coverage of metabolites

• Excellent analytical reproducibility with high tolerance for biological levels of salt

• Necessary analytical selectivity for separation of biologically important isomer pairs

• Excellent mass accuracy stability over 18 hours

Conclusions

Optimized AJS Source Conditions for HLIIC LC/MS – Examples of Drying Gas Temperature Optimization

Figure 5. AJS source optimization for HILIC-LC/MS method. Drying gas 
temperature, sheath gas temperature, dry gas flow, sheath gas flow, and 
nozzle voltage were carefully optimized for the analysis of polar 
metabolites in both (A) positive and (B) negative ion mode. 
Representative metabolites were chosen to encompass a broad class of 
metabolites for source optimization with drying gas temperature 
optimization data shown as an example. 

Figure 6. Excellent mass accuracy stability over 18-hour assay time for metabolites extracted from yeast. The (A) average absolute mass 
error was ≤ 1.5 ppm and (B) RSD of mass error was ≤ 1.25 ppm (n = 47 metabolites) in negative ion mode. 

Reproducibility Study with Metabolites Extract from Yeast

(A) Average Absolute Mass Error (B) RSD of Mass Error
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