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MEDICAL/BIOLOGICAL

Kinase Fragments Dimerize 
Without Oligomerization 
Domains, Shown by SEC-MALS
Thomas Huber,  University of Zürich, 
Department of Biochemistry

Determination of oligomeric states is an important issue in protein 

chemistry. For example, self-assembly via oligomerization domains 

is crucial for the regulation of several protein kinases. Determination 

of the oligomeric state of fragments of these kinases is a means of 

verifying the involvement of each domain in self-assembly.

Analytical size-exclusion chromatography (SEC) is widely used for 

determining molar mass and oligomeric state of proteins in solution, 

but it exhibits some important limitations. For example, interactions 

of proteins with column material can lead to delayed elution and 

hence erroneous results when relying on column calibration. Since 

even ideal elution occurs according to hydrodynamic size rather 

than true molecular weight, there are no appropriate molar mass gel 

fi ltration standards for analysis of proteins, fragments, or complexes 

of non-globular structure that present a different size or molecular 

weight dependence than globular proteins.

The use of size-exclusion chromatography in combination with multi-

angle light scattering (SEC-MALS) determines molecular weights in-

dependently of elution time and conformation, overcoming the need 

for standards and the errors inherent in analytical SEC. In SEC-MALS, 

chromatography is used solely to separate the individual species so they 

can be characterized by light scattering for biophysical properties such 

as molar mass, size, conformation, and degree of conjugation.

This note describes the analysis of a kinase fragment lacking its as-

sociation domain in order to determine its oligomeric state in solution. 

SEC-MALS revealed that the kinase moiety clearly remains dimeric in 

solution, even in the absence of its purported oligomerization domain.

Experimental Conditions

An HP-SEC column was calibrated using bovine serum albumin 

(BSA) monomer and dimer. The kinase fragment and alcohol de-

hydrogenase (ADH, 38 kDa monomer and 150 kDa tetramer) were 

each run on the column, and the elution times compared to those 

of BSA monomer (66.4 kDa) and dimer (133 kDa). Absolute molar 

mass (MW) of the proteins at each elution volume were determined 

by analysis of signals from the multi-angle light scattering and re-

fractive index detectors (DAWN and Optilab, respectively) in ASTRA 

software. Chromatograms were overlaid with molecular weight values 

calculated for each elution time along the peaks, as seen in Figure 1.

Results and Discussion

The monomeric kinase fragment has a sequence molar mass of 53.5 

kDa. The fragment (red trace) eluted at nearly the same volume as 

the BSA dimer (blue trace), suggesting that its molar mass is approxi-

mately 140 kDa, or trimeric. However, MALS determines an absolute 

molar mass in solution of 108 kDa, revealing that the protein is actually 

Wyatt Technology Corp.
6330 Hollister Ave, Santa Barbara, CA 93110 

tel. 1 (805) 681-9009

Website: www.wyatt.com

 Figure 1: Molar mass, as determined by multi-angle light scattering, 
vs. elution volume of kinase fragment (red), bovine serum albumin 
(BSA, blue) and alcohol dehydrogenase (ADH, green). Molar masses 
deduced from the elution volumes of kinase fragment and ADH are 
shown to be misleading when compared with absolute molar masses 
from SEC-MALS.

a dimer. The molecular weight is absolutely uniform across the peak, 

indicating a high degree of homogeneity. Such early elution is indicative 

of a non-globular conformation.

ADH tetramer (green trace, 150 kDa) eluted between the monomer 

and dimer of BSA, possibly because of ADH-column interactions that 

caused it to elute late relative to its size. Comparison of the fragment’s 

elution volume to ADH monomer and tetramer would mislead the inves-

tigator to assume a tetrameric state, even further removed from the truth 

than comparison to BSA.

Conclusions

SEC-MALS provides true solution molecular weight for proteins, 

overcoming the inherent errors produced by reliance on column 

calibration. Here we have shown by SEC-MALS that kinase 

fragments are dimeric, even without the purported oligomerization 

domain; but they are not trimeric or tetrameric as might have 

been deduced via column calibration. The addition of a DAWN 

MALS detector to standard SEC reveals the essential biophysical 

properties of proteins, fragments, and complexes.

http://www.wyatt.com
http://www.wyatt.com
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Arsenic Speciation on Hamilton PRP-X100
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Hamilton Company

Organic arsenic compounds added to feed stocks of chicken 

and poultry pose serious environmental and ecological threats. 

National and worldwide health organizations, such as the U.S. 

Environmental Protection Agency and the U.S. Food and Drug 

Administration, have recently implemented more stringent 

concentration limits for arsenic species in drinking water and 

foodstuffs.

Analysis of arsenic species is made challenging due to diverse 

sample matrices. To circumvent these problems, an HPLC ICP-MS 

method has been developed. Resolution of arsenic compounds is 

achieved by ion exchange chromatography on a Hamilton PRP-X100 

column, a 55% cross-linked polystyrene-divinylbenzene copolymer 

functionalized with quaternary ammonium anion-exchanger group. 

Detection is accomplished by inductively coupled plasma–mass 

spectrometry.

Hamilton Company
4970 Energy Way, Reno, NV 89502

tel. (775) 858-3000, (800) 648-5950

Website: www.hamiltoncompany.com

 Figure 1: Borrowed and adapted (with permission) from P. Alava et 
al., Biomed. Chromatogr. 26, 524–533 (2012).

Table I: Chromatographic conditions

Column: Hamilton PRP-X100, 5 μm, 4.6 × 250 mm

Part number: 79181

Flow rate: 1.0 mL/min

Mobile phase:

2 mM (NH4)2CO3 for 0–3 min

40 mM (NH4)2CO3 for 3–14 min

2 mM (NH4)2CO3 for 13–17 min

Injection volume: 50 μL, 100 μg/L of each standard

Detection: ICP-MS

Ordering Information

  Part

  Number

  Product

  Name

  Particle

  Size
  Dimensions   Material

79852 PRP-X100 5 μm 2.1 × 150 mm PEEK

79190 PRP-X100 5 μm 2.1 × 250 mm Stainless steel

79810 PRP-X100 5 μm 4.1 × 50 mm Stainless steel

79538 PRP-X100 5 μm 4.1 × 100 mm Stainless steel

79812 PRP-X100 5 μm 4.1 × 150 mm Stainless steel

79174 PRP-X100 5 μm 4.6 × 150 mm PEEK

79181 PRP-X100 5 μm 4.6 × 250 mm PEEK

79421 PRP-X100 10 μm 2.1 × 150 mm Stainless steel

79346 PRP-X100 10 μm 2.1 × 250 mm Stainless steel

79365 PRP-X100 10 μm 4.1 × 50 mm Stainless steel

79439 PRP-X100 10 μm 4.1 × 100 mm Stainless steel

79434 PRP-X100 10 μm 4.1 × 150 mm Stainless steel

79433 PRP-X100 10 μm 4.1 × 250 mm Stainless steel

79354 PRP-X100 10 μm 4.6 × 150 mm PEEK

79455 PRP-X100 10 μm 4.6 × 250 mm PEEK

79353 PRP-X100 12–20 μm 21.2 x 250 mm Stainless steel

http://www.hamiltoncompany.com
http://www.hamiltoncompany.com
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Potency testing in marijuana-infused edibles is a problematic task due 

to the complexity of the matrices. The concentration of active ingredi-

ents in edibles can range from a few ppm to 3.5% (1). In this applica-

tion, active cannabinoid compounds were extracted from gummy bears 

(and also brownies, results not shown), followed by HPLC analysis.

Experimental

Cannabinoid standards (Cerilliant®) used: cannabidivarinic acid (CBD-

VA), cannabidivarin (CBDV), cannabigerolic acid (CBGA), cannabigerol 

(CBG), cannabidiolic acid (CBDA), cannabidiol (CBD), tetrahydrocan-

nabivarin (THCV), cannabinol (CBN), (-)-∆9-Tetrahydrocannabinol (∆9-

THC), ( ) ∆8- Tetrahydrocannabinol (∆8-THC), and (-)-∆9-Tetrahydro-

cannabinolic acid A (THCAA). Even though acidic cannabinoids are not 

commonly found in edibles, these were included to demonstrate the 

ability of the HPLC method to resolve them from neutral forms, and the 

method’s potential for testing cannabis fl owers (which contain acidic 

cannabinoids).

An Ascentis® Express Biphenyl (2.7 μm particles) HPLC column was 

used for separation of all 11 compounds in under 13 min on a standard 

pressure HPLC system. 

Analysis of Active Cannabis 
Compounds in Edible 
Food Products: Gummy 
Bears and Brownies
Olga Shimelis*, Kathy Stenerson*, and Margaret 
Wesley†,  *MilliporeSigma, †Pennsylvania State University

 Figure 1: HPLC of orange gummy bear extract at (a) 220-nm and (b) 
280-nm. Peak IDs in Table I. 

Table I: Recoveries from 

Spiked Gummy Bears

Peak 

No.
Compound

Average 

(RSD)

1 CBDVA 91% (2%)

2 CBDV 98% (3%)

3 THCV 90% (3%)

4 CBDA 94% (3%)

5 CBGA 91% (4%)

6 CBD 97% (3%)

7 CBG 96% (4%)

8 CBN 95% (6%)

9 Delta-9-THC 97% (3%)

10 Delta-8-THC 95% (3%)

11 THCA-A 92% (7%)

MilliporeSigma
400 Summit Drive, Burlington, MA 01803

tel. (800) 645-5476

Website: SigmaAldrich.com

The life science business of Merck 

KGaA, Darmstadt, Germany operates as 

MilliporeSigma in the U.S. and Canada

Sample preparation

Four different bear colors were test-

ed—orange, yellow, red, and green. 

One gummy bear, non-spiked, (2.3 

g) was dissolved in 20 mL of warm 

water. This solution was spiked with 

cannabinoid (45 ppm each), and 

then transferred to a 50 mL QuECh-

ERS extraction tube. Acetonitrile (10 

mL) was added, followed by one-min 

shaking. Supel™ QuE non-buffered 

salts (55295-U) were added, and the 

samples were shaken for 5 min. fol-

lowed by 5 min. centrifugation (5000 

rpm). The supernatant was then in-

jected into the HPLC (Figure 1).

Results

For all bears, detection was at 220 nm, except for CBDVA due to an 

interference from the orange bear; detection was at 280 nm for that 

orange bear sample. Excellent recovery values of above 90% were 

achieved with good accuracies (Table I).

Column:           Ascentis Express Biphenyl, 10 cm × 2.1 mm I.D., 2.7 μm 

Mobile phase:  (A) 0.1% TFA in water; (B) 0.1% TFA in acetonitrile

Gradient:        47% B, to 50% B in 13 min, to 100% B in 0.1 min,

        100% B for 3 min, to 47% B in 0.1 min, at 47% B

                      for 2.5 min

Flow rate:       0.70 mL/min

Temp.:        35 °C

Detector:        UV, 220 nm & 280 nm (280 nm)

Injection:        5 μL

Pressure:        340 bar

Instrument:     Agilent® 1200, with UV detector

Conclusion

The developed HPLC method showed good resolution and can also 

be used for analysis of commodities containing acidic cannabinoids; 

specifi cally, cannabis fl ower.

Reference

(1) http://analytical360.com/m/archived/216628, (accessed July 2016).

Read the full article at SigmaAldrich.com/ar (Issue 4)

http://analytical360.com/m/archived/216628
www.SigmaAldrich.com
www.SigmaAldrich.com
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Shodex™/Showa Denko America, Inc.
420 Lexington Avenue Suite 2335A, New York, NY, 10170

tel. (212) 370-0033, X116, fax: (212) 370-4566 

Website: www.shodexhplc.com

TM

Shodex Rapid SUGAR Series: 
Fast Fermentation Monitoring 
and Sourdough Cultures
Alexander Schrum, Ronald Benson, and Marlon Rettis,  
Showa Denko America, Inc.

Living organisms (yeast and bacteria) were not identifi ed as the agents 

that produced or spoiled common food items until the 19th century. 

Baking, especially of bread, was among the fi rst industries to be 

transformed by the emerging scientifi c understanding of fermentation. 

The introduction of commercialized yeast in the early 20th century 

steadily reduced the time needed to bake bread both at home and 

on the production line, making way for modern packaged breads (1). 

However, traditional fermentation techniques, including sourdough 

breads, have resurged in popularity. Typical sourdough cultures 

are created from yeast and bacteria populations naturally present in 

the air and on many surfaces, providing sourdough loaves with their 

characteristic rise and “tangy” fl avor by converting fermentable sugars 

into CO
2
 and fl avor compounds like lactic acid. In this application note, 

a “homemade” sourdough starter culture was analyzed to determine 

how key fermentation products changed over the course of 24 h with 

the new Rapid SUGAR SH1011 8C.

The Shodex™ Rapid SUGAR SH1011 8C contains a styrene divinyl-

benzene base material ligand exchange column and is designed for 

rapid fermentation monitoring, allowing for the analysis of saccharides, 

organic acids, and ethanol in less than 5 min. The method uses simple 

aqueous conditions and RID detection, ideal for large sample workfl ows 

and QC environments.  

Experimental

Seven common fermentation compounds (maltotriose, maltose, glucose, 

lactic acid , acetic acid, glycerol, and ethanol) were used as standards.

The sourdough starter culture was adapted from King Arthur (2) with 

the procedure repeated daily for 14.

Sample preparation

Approximately 10 g of sample was homogenized with 90 mL distilled 

water (maximal speed, 30 s, blender). Five milliliters of 1 mol/L HClO
4

solution was added to a 10 mL aliquot of the homogenate. The mixture 

was centrifuged for 15 min at 4000 g at 15 1C, the supernatant was 

neutralized (pH 7.0) with 2 mol/L KOH and the volume was adjusted to 

25 mL with distilled water. After 30 min precipitation on ice, the solution 

was fi ltered on 0.45 mm cellulose fi lter, adapted from reference 3.

Samples were taken starting on Day 15 at three time points

Sample 1: Immediately after mixing in fl our and water, labelled time 0

Sample 2: 12 h after time 0

Sample 3: Day 16, approximately 24 after time 0

Shodex SUGAR SH1011 8C (8.0 mm I.D. × 100 mm, 6 μm) was used 

with a Shodex RI-501. The eluent conditions were: 1 mM H
2
SO

4
 aq. The 

column was kept at 75 ºC and the fl ow rate was 1.0 mL/min. The chro-

matography was performed on a Shimadzu Prominence I series LC 2030.

 Figure 1: RI chromatogram of fermentation standards, 0.1% w/v 
each, 5 uL injection

Figure 2:  Sourdough timepoints: Pink is time 0, Green is 12 h, Black 
is 24 h. Peak 1: glucose and sample matrix. Peak 2: lactic acid. Peak 3: 
glycerol. Peak 4: ethanol

Results and Discussion

This simple method using 1 mM sulfuric acid as the eluent demon-

strated a successful simulated analysis of fermentation by-products in 

less than 5 min, including the column equilibration time. 

For the analysis of the sourdough starter culture a guard column was 

used: (Shodex™ SUGAR SH-G (6.0 × 50 mm id, 10 μm) (Figure 2).

A method for rapid fermentation monitoring was developed us-

ing the Shodex SUGAR SH1011 8C column. Fermentation sample 

measurement completes in 6 min. The column showed good ro-

bustness when used with complex sample matrixes like sourdough 

cultures. The results show that the SH1011 8C can be used to 

monitor fermentation products like organic acids and ethanol.

References

(1) J. Marx, J.H. Litchfield, A Revolution in Biotechnology, Cambridge University 

Press, 71(1989).

(2) The King Arthur Flour Baker’s Companion: The 

All-Purpose Baking Cookbook. The Country-

man Press, (2012)

(3) D. Lefebvre, V. Gabriel, Y. Vayssier, and C. Fontagné-

Faucher, Food Sci. Tech 35. 407–414 (2002).

http://www.shodexhplc.com
http://www.shodexhplc.com
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LC–MS/MS Analysis of Mycotoxins in Peanut Powder in 5.5 Min
 Restek Corporation

Raptor superfi cially porous particles provided excellent separations 

in a fast 5.5-min analysis (total cycle time of 7 min). A coeluting 

matrix compound that shared the most abundant MRM transition 

for mycotoxin HT-2 (447.3-285.3) was observed, so a less abun-

dant transition (447.3-345.3) was selected for quantitation. To in-

crease sensitivity, an ammonium buffer was used to promote better 

ionization of mycotoxins. The Raptor Biphenyl column worked very 

well for the 12 mycotoxins studied in the cited work, but for longer 

compound lists containing isobaric mycotoxins with similar struc-

tures, the Raptor FluoroPhenyl phase may be necessary to provide 

adequate chromatographic resolution. The selectivity of the Raptor 

FluoroPhenyl column is demonstrated in an analysis of 20 myco-

toxins that can be found by visiting www.restek.com and entering 

LC_FS0511 in the search.

This method showed excellent precision and accuracy for the 12 

FDA regulated mycotoxins that were evaluated during a validation 

study that covered a variety of matrices (including multiple sources 

of cornmeal and brown rice fl our, in addition to the peanut powder 

example shown here). 

Restek would like to thank Dr. Zhang for his technical support 

during this project.

• Fast analysis for higher sample throughput

• Excellent separation improves accuracy for 12 regulated 

mycotoxins

• Quick and easy sample preparation (dilute-fi lter-shoot)

Certain fungi that can grow on agricultural products produce 

toxic metabolites known as mycotoxins. Modern food processing 

procedures cannot completely remove these compounds if they 

are present, so strict monitoring protocols have been established. 

Although a universal method for the analysis of mycotoxins would 

allow highly effi cient screening, it is very challenging to develop 

such a method, due to differences in physiochemical properties 

of mycotoxins, extraction effi ciencies, and matrix effects. Zhang 

and associates published a multi-lab study (1) aimed at providing 

labs with an analytical procedure that could be broadly applied to 

the analysis of a variety of mycotoxins in many different matrices. 

Using that work as inspiration, we developed the following LC–MS/

MS method that resolves 12 FDA regulated mycotoxins within the 

pressure limits of traditional HPLC instruments.

In this example, mycotoxins were analyzed in a peanut powder 

matrix. The use of a relatively short column format, the selectiv-

ity of the Biphenyl stationary phase, and the effi ciency of 2.7-μm 

http://www.restek.com
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Restek Corporation
110 Benner Circle, Bellefonte, PA 16823

tel. (800) 356-1688

Website: www.restek.com

Reference

(1) K. Zhang, M.R. Schaab, G. Southwood, E.R. Tor, L.S. Aston, W. Song, B. 

Eitzer, S. Majumdar, T. Lapainis, H. Mai, K. Tran, A. El-Demerdash, V. Vega, 

Y. Cai, J.W. Wong, A.J. Krynitsky, T.H. Begley, J Agr Food Chem, 65(33) 

7138–7152 (2017). https://www.ncbi.nlm.nih.gov/pubmed/27983809.

https://www.ncbi.nlm.nih.gov/pubmed/27983809
http://www.restek.com
http://www.restek.com
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Amino Acid Analysis According to European Pharmacopoeia 8.0
Pickering Laboratories

The European Pharmacopoeia (Ph. Eur.) defi nes requirements for 

the qualitative and quantitative composition of medicines, as well 

as the tests to be carried out on medicines and on substances and 

materials used in their production.

It covers active substances, excipients, and preparations of 

chemical, animal, human or herbal origin, homoeopathic prepara-

tions and homoeopathic stocks, and antibiotics, as well as dosage 

forms and containers. It also includes tests on biologicals, blood 

and plasma derivatives, vaccines, and radiopharmaceutical prepa-

rations. The European Pharmacopoeia and its requirements are le-

gally binding in the member states of the European Pharmacopoeia 

Convention and the European Union.

All manufacturers of medicines or substances for pharmaceutical 

use therefore must apply the Ph. Eur. quality standards in order to 

be able to market and use these products in Europe.

Amino acids analysis can be used for:

• identifi cation tests on biopharmaceutical active ingredients (such as

peptides and proteins) by means of amino acids composition analysis;

• impurities and related substances determination on active

pharmaceutical ingredients (APIs) (such as free amino acids) and

intermediates;

• single or total amino acids quantifi cation in drug products, including

markers determination in complex matrixes (such as

phytopharmaceuticals).

The following Ph. Eur. monographs have already offi cially 

introduced the amino acid analysis method with post-column 

ninhydrin derivatization as the analytical procedure required for the 

determination of the ninhydrin-positive substances, and additional 

papers are expected to be published in upcoming months: Cysteine 

HCl Monohydrate 01/2014:0895, Isoleucine 07/2013:0770, 

Leucine 07/2013:0771, Lysine HCl 07/2013:0930, Serine 

01/2014:0788, Proline 01/2014:0785, Threonine 01/2014:1049, 

Valine 01/2014:0796, and Arginine 07/2014:0806

Pickering Laboratories, Inc. offers a complete solution for amino 

acids analysis according to European Pharmacopoeia 8.0. This 

includes the Pinnacle PCX post-column derivatization instrument, 

analytical columns and GARDs, buffers, and Trione® Ninhydrin 

reagent. The Pinnacle PCX is capable of performing column 

temperature gradients that allow easily modifi ed conditions and 

improved run times and amino acids separations. The methods 

presented in this application note were optimized to comply with 

system suitability requirements of European Pharmacopoeia 8.0 

methods.

Each European Pharmacopoeia monograph describes the prepa-

ration of the test and reference solutions specifi c for each amino 

acid. The solutions are used for calculations of percentage contents, 

impurity levels as well as parameters of system suitability. Resolution 

of 1.5 is required between leucine and isoleucine peaks.

For all amino acids, except cysteine, sodium-based and lithium-

based methods are available. For cysteine analysis, only lithium-

based methods are suitable. Sodium-based methods have shorter 

run times and are preferable for all amino acids except cysteine.

Equipment:

Quaternary HPLC pump, autosampler, UV-vis detector, and Pinnacle 

PCX post-column derivatization system

Analytical columns and Eluents:

For Sodium-based methods: High-effi ciency Sodium cation-ex-

change column, 4.6 × 110 mm, Catalog Number 1154110T. Elu-

ents: Na315, Na425, Na640, and RG011.
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 Figure 1: Sodium chromatogram of amino acids analyzed using 
Pharmacopoeia 8.0 methods (3 μg/mL each, 50 μL injection). 
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Figure 2: Sodium chromatogram of alternative amino acids analyzed us-
ing European Pharmacopoeia 8.0 methods (3 μg/mL each, 50 μL injection).
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For lithium-based methods: High-effi ciency lithium cation-

exchange column, 4.6 × 75 mm, Catalog Number 0354675T. 

Eluents: 1700-1125, Li365, Li375, and RG003.

Post-column reagent

Trione Ninhydrin Reagent

To make it easier to start using Pickering Laboratories methods, 

we offer chemistry kits that include: analytical column, GARD, buf-

fers, and reagents for amino acids analysis. All parts of the kit can 

be ordered individually if needed. Please contact Pickering Labora-

tories if you have any questions regarding this application.

Pickering Laboratories will keep updating its European Pharmaco-

poeia 8.0 methods as new monographs are released. Please contact 

support@pickeringlabs.com for the latest methods and chromatograms. 

Pickering Laboratories, Inc.
1280 Space Park Way, Mountain View, CA 94043

tel. (800) 654-3330, (650) 694-6700

Website: www.pickeringlabs.com
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 Figure 3: Lithium chromatogram of amino acids used as reference 
solutions for cysteine analysis (3 μg/mL each, 50 μL injection).
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 Figure 4: Lithium chromatogram of amino acids analyzed using 
European Pharmacopoeia 8.0 methods (3 μg/mL each, 50 μL injection)

mailto:support@pickeringlabs.com
http://www.pickeringlabs.com
http://www.pickeringlabs.com
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GENERAL

Method Transfer from 
HPLC to UHPLC with 
Example of Polyphenols
S. Horikiri

We recently introduced a new series of UHPLC columns with a par-

ticle size of 1.6 μm. Here we explain how to transfer an existing HPLC 

method to a new UHPLC method using polyphenols as an example. 

Steps

We previously published an HPLC method on Application Data No. 

112 (https://develosil.us/wp-content/uploads/DN112-0519-Analysis-

of-Polyphenols-HPLC.pdf). Entering parameters of the method and 

the specifi cation of the new UHPLC column in a widely available 

method transfer software program generated an initial gradient table 

(Table I). The software suggested a fl ow rate of 0.375 mL/min; this 

was adjusted to 0.5 mL/min, the optimum fl ow rate for this column.

The fi rst thing to decide is the type of detection. If using mass 

spectrometry, only volatile mobile phase modifi ers such as formic acid 

can be used. In the case of UV detection, acetic acid, formic acid, 

phosphate buffers, and others can be used. We chose 0.1% formic acid, 

so that either detection method may be used. Since it can be prepared 

with a pipette alone, it has the advantages of time and less human error.

The tailing factor and the separation factor obtained using different 

acids in the mobile phase are shown in Table II for each analyte. 

Quercetin is known to have a tailing tendency with formic acid, and may 

also show carryover due to strong ligating properties. Although 0.1% 

formic acid shows slight tailing with a tailing factor of 1.43, two other 

mobile phases showed even better results. Considering LC–MS use, we 

chose 0.1% formic acid as the fi rst candidate. For better peak shapes, 

0.08% formic acid + 0.02% TFA is an option.

Considering that baicalin and resveratrol have very closely eluted 

peaks, 0.1% formic acid showed the best separation factor. After ad-

justments to allow for elution of iprifl avone, we set the fi nal gradient 

conditions as shown in Table III.
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 Figure 1: Chromatogram obtained as the first step. Standards: 
1.Puerarin 2.Baicalin (37.93)* 3. Resveratrol (2.00) 4. Daidzein 
(2.75) 5. Quercetin (3.31) 6. Biochanin A (26.69) 7. Curcumin 
(4.85) 8. Ipriflavone (16.70) *( )s indicate separation factor.

Table II: Tailing factors and separation factors in three 

types of acids

Compound

0.1% HCOOH 0.1% H3PO4
0.08% HCOOH

+0.02%TFA

Tailing R
S

Tailing R
S

Tailing R
S

Puerarin 1.11 1.22 1.11

Baicalin 1.15 37.93 N.D. 39.98 N.D. 36.98

Resveratrol 0.95 2.00 N.D. 1.22 N.D. 1.16

Daidzein 0.99 2.75 1.02 2.68 0.96 2.53

Quercetin 1.43 3.31 1.12 3.44 1.15 3.08

Biochanin A 0.99 26.69 1.01 27.34 0.95 24.83

Curcumin 1.01 4.85 1.02 4.88 0.96 4.49

Iprifl avone 1.01 16.70 1.03 16.79 1.00 16.20

Table III: Final gradient condition

min mL/min %A %B curve

0.00 0.5 80 20 6

1.28 0.5 45 55 6

3.60 0.5 45 55 6

3.61 0.5 80 20 6

 Starting condition

 Mobile phase: A) 0.1% formic 

acid in water, B) 0.1% formic 

acid in acetonitrile. Conditions: 

Column: Develosil UHPLC 

C18, 1.6 μm Size: 2.0 × 50 

mm; Temperature: 40 °C; 

Detection: UV at 260 nm; 

System: UHPLC with a mixer 

of 100 μL

Mobile phase: A)  0.1% formic acid in water, 

       B)  0.1% formic acid in acetonitrile  

Table I: Gradient table

min mL/min %A %B Curve

0.00 0.5 80 20 6

1.28 0.5 45 55 6

3.20 0.5 45 55 6

3.21 0.5 80 20 6

http://www.develosil.us
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Uncommon Fix 
for LC–MS Ion Suppression
Robert Puryear,* Piotr Macech* and Itaru Yazawa†,  

*Imtakt USA, Portland,OR, †Imtakt Corp., Kyoto, Japan

Metal-free columns should be considered when troubleshooting 

ion suppression. Chelating compounds that can form metal salt 

with stainless steel column housings are examined. 

Most HPLC columns are made with stainless steel 316, which has 

surface oxides, and Fe(++), which have a high affi nity for the exposed 

anionic oxygens present on phosphorylated compounds, and will 

readily interact causing adsorption and loss of sample. Additionally, 

these interactions can result in the formation of metal salts that can 

cause ion suppression when using LC–MS detection, potentially 

reducing analyte signal or, in extreme cases, cause no signal at all.

In this article, we show two cases of ion suppression and loss of 

sample due to adsorption, and recovery of signal strength by using our 

newly developed metal-free column housing. Our design utilizes the 

typical stainless-steel hardware so that we can preserve high-pressure 

capability, but the internal surfaces of the tubing and end fi ttings, as well 

as the inlet and outlet frits, are all coated with PEEK. This removes the 

largest contribution of metal surfaces within the HPLC sample fl ow path, 

signifi cantly improving the analysis for certain compounds.

Experimental Conditions

Figures 1 and 2 show organophosphorus pesticides or herbicides, 

and nucleoside triphosphates, respectively. All running conditions 

are shown within the fi gures. In each case, identical conditions 

were used on two columns packed with the same material; one with 

our metal-free housing, and the other with standard stainless steel.

Result and Discussion

The most dramatic example of ion suppression can be seen in Figure 

1, particularly for glyphosate. While glufosinate does show signs of 

signal suppression and chelating, glyphosate is completely missing 

on the metal column, with LC–MS detection. Both peaks showed a 

much-improved LC–MS signal and analyte recovery when using a 

metal-free vs. a metal column. Peak shape was also improved.

The triphosphates in Figure 2, while not completely missing 

as in the case of glyphosate, did show signifi cant evidence of ion 

suppression and chelating for all nucleosides tested. In all cases, peak 

heights were dramatically reduced, and peak shape was negatively 

impacted. Under identical conditions, but in metal-free housing, all 

peaks showed an increase in symmetry and signal strength.

Conclusion

Often when troubleshooting issues with poor peak shape, low recovery 

and signal suppression, contributions of interaction with the column 

housing can easily be overlooked. Here we show that, particularly 

for certain compounds, there can be considerable interaction of 

the analytes with metal surfaces within the column. Therefore, the 
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 Figure 1: Complete ion suppression of glyphosate signal

Figure 2: Triphosphates on metal-free vs. metal column

use of a metal-free column should be considered when trouble-

shooting issues related to poor peak shape, loss of sample, and ion 

suppression for potentially chelating compounds, especially when 

peak shape cannot be improved through modifi cation of the mobile 

phase. It is also worth noting that we now offer metal-free columns 

in 15 different stationary phases, 

improving the range of available 

separation conditions. Please visit our 

website for more information.
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