
A key step in metabolomics research is the identification of metabolites.

Searching accurate-mass LC/MS data against metabolite databases is a

powerful technique for identifying metabolites. Due to the presence of isobaric

masses such as compound isomers and diastereomers, database searching by

mass alone is generally insufficient for positive identification. Public databases

do not contain retention time information and thus there is no way to resolve the

issue of isobaric masses. However, with Agilent Technologies’ METLIN Personal

metabolite database, empirically derived, method-specific retention times (RTs)

can be added to compounds in the database, creating an accurate-mass

retention time (AMRT) database. Retention times then provide a second match

criterion orthogonal to, and independent of, compound mass. Searching an

AMRT database provides a narrower, more focused list of possible metabolite

identities. This technical note discusses the addition of retention times to the

METLIN Personal metabolite database and provides a faster batch approach for

creating an AMRT database.
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Adding retention times to create an
AMRT database

Retention times can be added to the

METLIN Personal metabolite database

in a manual process of running metabo-

lite standards, selecting the proper data-

base entry for each standard, and

updating the retention time in the data-

base. This approach is effective, but can

be slow. A faster, easier approach uses

the Agilent MassHunter Mass Profiler

software to preprocess the data file from

the analysis of metabolite standards

before database searching. This

approach filters out non-standards and

simplifies the assignment of standard

matches and addition of retention times

in the METLIN software. The workflow

is outlined in Figure 1.

Analyzing the metabolite standards

The first step in the workflow is to

acquire accurate-mass data from

metabolite standards. As many stan-

dards as is convenient may be analyzed

in a single sample; however, each stan-

dard must have a unique mass range

around it that is free of interfering masses.

If two or more metabolite standards

have masses within 5 mDa (or 50 ppm,

whichever is larger) of each other, they

should be analyzed in separate samples.

For the retention times to be useful, the

metabolite standards and experiment

samples must be analyzed using the

exact same chromatographic method.

Ideally, a “universal” chromatographic

method that produces good results for

both positive and negative ion polarities

and for both electrospray and APCI

should be used. This makes the result-

ing AMRT database useful for a wider

range of compounds. Agilent recom-

mends a water/methanol mobile phase

with approximately 5 mM ammonium

acetate and 0.1% acetic acid.

Chromatographic methods optimized for

a particular ionization polarity, ionization

technique, or analyte can be used, but

the resulting retention times will only be

meaningful for compounds analyzed

with that specialized method.
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Figure 1. Workflow for batch addition or update of retention times in the METLIN Personal metabolite database.
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Once the metabolite standard sample(s)

have been analyzed, process the data

using the MassHunter Qualitative

Analysis software. Use the Molecular

Feature Extraction (MFE) algorithm to

locate the compounds and save the

resulting data file.

Processing the standards data with the

MassHunter Mass Profiler software

The data acquired by analyzing the

metabolite standards are processed in

the Mass Profiler software to generate a

Feature Summary table of the standards

and retention times. This table is

uploaded to the METLIN Personal

metabolite database and is used to add

or update retention times for the

metabolite entries.

1. Create a new project in the Mass

Profiler software. Specify one group

in the project and add the data file(s)

(.mhd) created from the metabolite

standards (see Figure 2).

2. Open the data file from the standards

analysis and select Method � Edit

Method on the menu bar.

3. In the Pre-Analysis Filters tab,

choose the Special Masses option

Limit to These (Figure 3). Enter or

paste the exact neutral masses of

the metabolite standards and click

OK. Entering the exact neutral mass-

es here allows the Mass Profiler soft-

ware to filter out all non-standards

(for example, chemical noise or impu-

rities) that may have been detected

in the metabolite standards sample.

This significantly simplifies subse-

quent METLIN database searching

and retention time assignment or

updating.

4. Save the method so that it can be

applied to the same type of standard

mix in the future.

5. Export the feature table as a comma

separated value file (.csv).

Figure 2. To begin processing the standards data in the Mass
Profiler software, create a new project that includes the
standards data (.mhd).

Figure 3. Filter out non-standards data from the analysis by specifying the exact neutral
masses of the metabolite standards. 



4

Creating an accurate-mass retention

time (AMRT) METLIN database using

an imported mass-RT list

After processing the metabolite stan-

dards data in the MassHunter Mass

Profiler data, use this procedure to cre-

ate a copy of the METLIN Personal data-

base and add retention times for the

metabolite standards to the database.

1. In the METLIN software, select 

File � New Database. The original

METLIN Personal metabolite data-

base is write-protected so a "new"

database must be created before

retention times can be added.

2. Select an existing database from

which to begin (Figure 4). Enter a

new name and a description, and 

click Create.

3. In the Batch Search tab (Figure 5),

choose Optional for Retention times .

4. Click File, and in the dialog box that

appears, select the Summary Feature

table (.csv) for the metabolite stan-

dards that was exported from the

Mass Profiler software.

5. Click Find Metabolites on the toolbar.

Technical Overview

Figure 4. Create a new METLIN Personal
metabolite database from an existing METLIN
database.

Figure 5. Upload the standards Feature Summary table (.csv) to the new METLIN database.  
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6. One standard at a time, highlight the

standard mass in the Batch Search

list and select the correct metabolite

identity in the Batch Search Results

(Figure 6). In almost all cases, there

will be more than one match due to

isobaric compounds in the database,

but since the identity of each ana-

lyzed standard is already known, it

should be easy to select the correct

metabolite from the search results. 

Note: If a metabolite standard is not

present in the database, add the stan-

dard in the Edit Metabolites tab. In the

Edit Metabolites tab, click the Add New

button, enter the appropriate metabolite

information, and click Save As New.

Return to the Batch Search tab and

select the newly added metabolite as

the identity of the standard.

7. Once all of the metabolite standards

are assigned identities from the data-

base, review the results in the Batch

Summary tab (Figure 7). When all of

the assignments are correct, you are

ready to update the database.

Figure 6. Confirm that each standard mass in the batch search list is correctly identified in the batch search results. If necessary, select the correct identity
for a standard in the batch search results.
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8. The “Apply Retention Time” tab will

become active once the number of

conflicting hits is set to zero. Once

active, click Apply Retention Times 

in the Batch Summary tab. The data-

base is updated to include the retention

times (Figure 8) and is automatically

saved.

Searching a custom METLIN personal

database using accurate masses and

retention times

After an AMRT METLIN database is cre-

ated, it is easy to incorporate retention

times into subsequent searches. When

specifying the search parameters in the

Batch Search tab, simply select Optional

or Required under Retention times. 

Choosing Optional ranks mass matches

higher that also match RT; Required

returns only mass matches that also

have RT matches. As a general rule,

choose Optional for general (non-targeted)

searches because not all compounds in

the database will have retention times.

For targeted searches, Required is useful

because it eliminates compounds that

are not of interest from the results.

Technical Overview

Figure 7. Review the metabolite standard information and confirm that there are no conflicting hits.
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Conclusions

Adding retention times to metabolite

databases provides a second match 

criterion orthogonal to, and independent

of, compound mass. Searching both

accurate mass and retention time will

often provide a narrower, more focused

list of possible metabolite identities,

especially for targeted metabolite

searches. Unlike public metabolite data-

bases, retention times can be added to

the Agilent METLIN Personal metabolite

database. The process of adding reten-

tion times to the METLIN database can

be significantly simplified and accelerat-

ed by preprocessing data from metabo-

lite standards with the Agilent MassHunter

Mass Profiler software.

Figure 8. The AMRT METLIN database is updated to include RT information from the standards Feature Summary table.
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