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Abstract

Desorption electrospray ionization mass spectrometry (DESI-MS) is a recent and important 

advance in the field that has extensive applications in surface analysis of solid samples but has also 

been extended to analysis of liquid samples. The liquid sample DESI typically employs a piece of 

fused silica capillary to transfer liquid sample for ionization. In this study, we present the 

improvement of liquid sample DESI-MS by replacing the sample transfer silica capillary with a 

trap column filled with chromatographic stationary phase materials (e.g., C4, C18). This type of 

trap column/liquid sample DESI can be used for trace analysis of organics and biomolecules such 

as proteins/peptides (in nM concentration) in high salt content matrices. Furthermore, when the 

sample transfer capillary is modified with enzyme covalently bound on its inside capillary wall, 

fast digestion (< 6 min) of proteins such as phosphoproteins can be achieved and the online 

digested proteins can be directly ionized using DESI with high sensitivity. The latter is ascribed to 

the freedom to select favorable spray solvent for the DESI analysis. Our data shows that liquid 

sample DESI-MS with a modified sample transfer capillary has significantly expanded its utility in 

bioanalysis.
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1. Introduction

Desorption electrospray ionization (DESI), as a representative ambient ionization technique, 

was introduced in 2004 by Cooks and co-workers as a milestone in the field of mass 

spectrometry (MS)(1). This technique is used as a rapid analytical tool to provide efficient 

desorption and ionization of target compounds for mass spectrometric characterization. It 

has become very successful in the fast analysis of a variety of analytes including 

pharmaceuticals(2, 3), metabolites(4, 5), drugs of abuse(6, 7), explosives(8, 9), chemical 

warfare agents(10), and even intact tissues(11). Traditional DESI addresses solid samples 

deposited onto a surface. In our and other’s laboratories, DESI was extended for the analysis 

of liquid samples (12-16). Analyte ionization by liquid sample DESI occurs via the 

interaction of the liquid sample with charged droplets generated by the DESI spray and the 

resulting ions are collected and analyzed by a mass spectrometer. It is useful in directly 

analyzing samples including large proteins/protein complexes from their native 

environments (12, 17-22). Furthermore, it is possible to use liquid sample DESI-MS for 

studying fast reaction kinetics in submillisecond time resolution(23) or coupling with liquid 

chromatography (LC) (24-27), microfluidics (13), and microextraction (28). The 

combination of DESI with electrochemistry (EC) (29) has shown that liquid DESI-MS can 

be used to capture transient intermediates (30-32). The coupled EC/DESI-MS (i.e., the 

combination of EC with DESI-MS) is also useful for the structural analysis of disulfide 

bond-containing proteins in either top-down(33) or bottom-up MS approaches(24, 34) and 

for probing protein 3D-structures and protein–protein interactions in combination with 

cross-linking chemistry(35).

In liquid sample DESI experiments, a fused silica capillary is employed to transfer liquid 

sample for ionization. The delivery of liquid sample using the silica capillary overcomes an 

issue that the liquid sample could be blown away by the nebulization gas of DESI if it is 

directly deposited on a surface, therefore allowing the continuous introduction and 

ionization of sample to gain continuous signal. In this study, we attempted to further 

enhance the analytical performance of liquid DESI via either replacing the sample transfer 

capillary with a trap column filled with C4/C18 material or modifying the sample capillary 

with enzyme (e.g., trypsin) bound on its inner wall. The former modification would allow 

sample desalting and enrichment using the trap column, while the latter enables fast on-

column protein digestion. Our experimental results show that these improvements enable 

liquid DESI-MS to analyze trace amount of analytes in complicated matrices and examine 

proteins via an accelerated shotgun MS approach.
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2. Materials and Methods

2.1 Materials

C4 and C18 trap columns (1.5 cm in length, 1 mm ID) were purchased from Optimize 

Techonologies. Acetic acid (HOAc), formic acid (FA), sodium hydroxide, hydrochloric acid, 

phosphate buffer (sodium dihydogen phosphte/sodium monohydrogenphosphate), 

flunitrazepam, tris buffer, sodiumcyanoboro hydride, glutaraldehyde solution, ammonium 

hydrogen difluoride ((NH4F)HF), (3-aminopropyl)trimethoxysilane (APTES), trypsin from 

porcine pancreas, Gly-Phe-Ser peptide, Tyr-Tyr-Tyr peptide, angiotensin II, insulin from 

bovine pancreas, ubiquitin from bovine erythrocyte, β-casein from bovine milk and 

myoglobin from horse heart were all purchased from Sigma Aldrich (St. Louis, MO, USA). 

Fused silica capillaries were obtained from Polymicro Technologies (Phoenix, AZ, USA). 

Methanol, ethanol and acetonitrile (HPLC grade) were from Fisher Scientific (Fair Lawn, 

NJ). The de-ionized water used for sample preparation was obtained using a Nanopure 

Diamond Barnstead purification system (Barnstead International, Dubuque, IA). A propane 

microflame torch and Diet Pepsi were purchased from a local Walmart store.

2.2 Methods

Experiments were performed using a DECA LCQ ion trap mass spectrometer (Thermo 

Finnigin) and a quadrupole time-of-flight (Q-TOF; Waters) equipped with a commerical 

electrospray ionization (ESI) source and a homemade DESI source (described below). The 

voltage on the DESI sprayer was set at 5 kV. Scheme 1a shows the configuration for 

integrating a trap cartridge column with liquid sample DESI-MS. 5 mL of test sample in low 

concentration (either flunitrazepam in Diet Pepsi or proteins/peptides in phosphate buffer) is 

loaded into the trap column; the column can retain the sample and allow the sample matrix 

or buffer to be washed away with water. Then an organic-containing solvent is injected to 

elute the sample out, which can be detected by DESI with a spray solvent of MeOH/H2O/

1%HOAc aimed at the exit surface of the trap column. The nitrogen nebulization gas of 

DESI was set to 160 psi. For flunitrazepam sample desalting, a C18 trap column was first 

equilibrated with 1 mL water, then 5 mL of 50 nM flunitrazepam in Diet Pepsi was infused 

to the trap column followed with washing using another 1 mL of water. Elution was carried 

out use ACN. A similar process was used for desalting and enrichment of protein/peptide 

samples. A 200 μL wetting solution (ACN/water/TFA, 2/98/0.1%, by volume) was first 

introduced to the trap column to balance the C18/C4 trap column. Then 5 mL of 50 nM 

angiotensin II or 40 nM insulin in 0.1 M phosphate buffer was introduced to the trap column 

for trapping. 1 mL water was injected to remove the phosphate buffer and organic phase 

(ACN/water, 65/35 by volume) was used to elute the peptide or protein out for DESI-MS 

analysis.

Scheme 1b displays the configuration for integrating a piece of enzyme-modified fused 

silica capillary with liquid sample DESI-MS. The enzyme trypsin is immobilized on the 

inner wall of the silica capillary (modification procedure described below). When protein is 

infused through the capillary, digestion can be achieved. The resulting peptides can be 

directly detected by DESI-MS. In this case, the protein sample is infused into the capillary 

column at 1 μL/min and the DESI spray solvent of ACN/H2O/5%FA is injected at 1 μL/min. 
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The DESI probe capillary tip is in contact with the tip of the modified sample capillary. 

When the digested protein sample exits from the capillary column, it will merge with the 

DESI spray solvent. Because the DESI spray solvent is charged to 5 kV, the mixed sample 

solution will be sprayed out. No sheath gas is used for the DESI spray. Because of the 

freedom to choose a favorable DESI spray solvent (17) regardless of the nature of the 

digested protein sample, high ionization efficiency can be obtained. Collision induced 

dissociation (CID) is used for ion structural confirmation in these experiments.

Trypsin-immobilized capillary column preparation—Trypsin is immobilized onto a 

silica capillary following a modified method from the literature (36). A piece of fused silica 

capillary (360 μm OD, 250 μm ID, 12 cm in length) is first flushed with 10% NaOH at 5 

μL/min for overnight and then flushed with 5 mL water at 500 μL/min. 5 mL of 0.5 M HCl 

is introduced into the capillary at 50 μL/min and then the capillary is flushed with 5 mL 

water at 500 μL/min for removing the impurities in the silica capillary column. An aqueous 

solution of saturated ammonium hydrogen difluoride is infused into the capillary at 20 

μL/min for inner wall corrosion to increase the inner surface area of the capillary. 2 mL of 

APTES is mixed with 1 mL 0.25% ammonia, 20 mL ethanol and 1 mL water and then 

infused into the capillary at 5 μL/min for 10 hours, to react with inner wall surface hydroxyl 

groups for introducing terminal amino groups. Then the capillary was flushed with 

glutardialdehyde (30 μL in 5 mL water) at 3 μL/min for 16 hours at room temperature to 

effect the Schiff base reaction. Subsequently the capillary is washed with water and dried 

with argon. 4 mg/mL trypsin dissolved in water is injected at 3 μL/min into the capillary and 

covalently bound to the surface, again via the formation of Schiff base with the remaining 

aldehyde group of glutardialdehyde. Finally 5 mg/mL sodium cyanoborohydride in water is 

infused at 3 μL/ min to the capillary for reducing the C=N double bond. The end of this 

capillary column is flame heated and pulled to form a tapered tip. The immobilized trypsin 

column is stored at 4 °C prior to use for both DESI-MS experiments and nano-ESI-MS 

experiments for comparison.

3. Results and discussion

3.1. Liquid DESI-MS using a trap cartridge column

First, we examined the performance of liquid DESI-MS when a trap cartridge column was 

used for sample introduction. Different samples such as drug-of-abuse in drink, proteins/

peptides in phosphate buffer were chosen as test samples.

3.1.1 Detection of drug of abuse in drink—Flunitrazepam (structure shown in Figure 

1a) is a potent sedative and powerful drug for the treatment of insomnia used around the 

world. At the same time, it is employed in some cases that involve drug facilitated sexual 

assaults (DFSA) and robberies (37). It is used by predators because of its rapid onset of 

action (e.g. dosed in drink), hypnotic effect and its ability to cause anterograde amnesia. 

Because this drug has a very short life time and rapid clearance, the fast and sensitive 

detection of this drug is desired.

In our experiment, a low concentration of flunitrazepam (50 nM) in Diet Pepsi was first 

tested. In the acquired ESI-MS spectrum shown in Figure 1a, no flunitrazepam was detected. 
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Instead, aspartame and caffeine from Diet Pepsi were seen at m/z 295 and m/z 195, 

respectively. The failure of detecting flunitrazepam is probably either due to the low 

concentration of flunitrazepam or the possible matrix effect of the compounds in Diet Pepsi 

that suppresses the flunitrazepam signal. Interestingly, when 50 nM flunitrazepam in Diet 

Pepsi (5 mL, total amount 0.25 nmol) was trapped by a C18 trap column followed by water 

desalting, ACN elution and DESI-MS analysis, the protonated flunitrazepam (m/z 314) was 

clearly detected (Figure 1b). Figure 1b inset displays the extracted ion chromatogram (EIC) 

of the ion m/z 314 that shows the peak width of flunitrazepam to be 0.6 min with an average 

intensity of 2.95 E6 (arbitrary manufacturer unit); the entire elution process took less than 6 

min. Upon CID of the m/z 314 ion, fragments were detected at m/z 268 and m/z 286 from 

losses of NO2 and CO, respectively, which is in agreement with previous reports (30, 37) 

and confirms the ion assignment. In Figure 1b, with the “desalting” and enrichment steps, 

aspartame was largely removed, probably due to its high solubility in water. In addition, the 

successful detection of 50 nM flunitrazepam in human serum was also carried out by DESI-

MS after trap column enrichment (Figure 1S, Supporting information). This result shows 

that trap column/DESI-MS can be used for trace analysis due to the added capabilities for 

desalting and enrichment. It also provides an additional example of combining fast DESI-

MS analysis with various enrichment methods including microextraction (28) (38) and solid 

phase extraction (SPE) (39) (40).

3.1.2 Detection of proteins/peptides in phosphate buffer—Phosphate buffer is 

known to have a strong suppression of MS signal. In this study, proteins/peptides in 

phosphate buffer such as angiotensin II and insulin were also tested using the trap column/

DESI-MS apparatus.

Figure 2a shows ESI-MS spectrum of 50 nM angiotensin II in 0.1M phosphate buffer. No 

ions from the peptide were detected; rather, intense background peaks from phosphate buffer 

appeared. In stark contrast, Figure 2b shows the DESI-MS result from 5 mL of 50 nM 

angiotensin II in 0.1 M phosphate buffer after the pre-concentration and online desalting 

using a C18 trap column; the +1 charged molecule of angiotensin II is clearly seen. In 

addition, the limit of detection (LOD) for angiotensin in 0.1 M phosphate buffer is as low as 

1 nM for 5 mL of sample injection, using selected ion monitoring (SIM) mode. Again, this 

result strongly shows the power of liquid sample DESI-MS coupled with a trap cartridge 

column for trace analysis.

Furthermore, by using the same column, an enrichment of a protein digest sample was 

achieved. 2 μg/mL ubiquitin was digested by trypsin in a Tris-HCl buffer (pH 8). Due to the 

strong suppression effect by Tris buffer, the digested protein could not be analyzed directly 

by ESI-MS without extensive desalting (data not shown). In the DESI-MS experiment, a 50 

μL volume of 2 μg/mL tryptic digested ubiquitin was introduced to the same trap column, 

which was subsequently washed using 200 μL of water for removing Tris buffer salts. 

Finally a 70% ACN solvent was used to elute the peptides out. From the acquired DESI-MS 

spectrum (Figure 2S, Supporting Information), it is clearly seen that several tryptic ions 

were detected, including [EGIPPDQQR+2H]2+ (m/z 521), [ESTLHLVLR+2H]2+ (m/z 535), 

[LIFAGK+H]+ (m/z 649), [MQIFVK+H]+ (m/z 766), [TITLEVEPSDTIENVK+2H]2+ (m/z 
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890), and [TLSDYNIQK+H]+ (m/z 1083), which led to 73% sequence coverage of the 

protein (if excluding ions representing partially digested protein).

A rough separation of peptides is also possible with the C18 trap column. As a 

demonstration, a peptide mixture of Tyr-Tyr-Tyr, angiotensin II and bradykinin (50 nM each) 

in 0.1 M phosphate buffer was used as a test sample. 10 mL of the mixture sample solution 

was introduced to the C18 trap column and eluted with an elution gradient program (10% 

ACN increased to 17% in 10 min at a flow rate 20 μL/min). Indeed, the separation of three 

peptides was achieved in less than 10 min, as shown in the extracted ion chromatogram 

(EIC, Figure 3S, Supporting Information). Also, in this case, the DESI spray solvent was 

chosen to be MeOH/H2O/HOAc (50/50/1, by volume), which favored the ionization of the 

separated peptides (as the elution solvent was not acidified).

In this trap column/DESI-MS experiment, the packing material of trap column could vary. 

The method is also applicable for protein analysis with the use of a C4 trap column. In a 

separate experiment, a sample of 40 nM insulin in 0.1 M phosphate buffer was tested. Figure 

2c shows an ESI-MS spectrum of 40 nM insulin in 0.1M phosphate buffer solution. The 

peaks appearing in the spectrum dominantly were the salt-adducted ions, and no protein was 

detected. Figure 2d shows the DESI-MS spectrum of 40 nM insulin in 0.1M phosphate 

buffer after online desalting and enrichment using a C4 trap column. Clearly, m/z 956, m/z 
1148, m/z 1434 and m/z 1911, corresponding to +6, +5, +4, and +3 ions of insulin, 

respectively, were observed (Figure 2d), emphasizing the success of protein pre-

concentration, desalting and detection in this experiment.

3.2 Liquid DESI-MS using an enzyme-immobilized capillary column

The identification of expressed protein components is critical in proteomics research. 

Traditional bottom-up approaches often employ in-solution digestion. However solution-

based protein digestion has some drawbacks. The standard protocol for trypsin in-solution 

digestion normally needs overnight incubation that is time-consuming. In order to accelerate 

the digestion efficiency and reduce digestion time, increasing the concentration of enzyme 

could be considered. However, high concentration of trypsin could lead to autodigestion that 

interferes with target protein analysis (41). To achieve a high digestion efficiency within a 

short digestion time, several alternative approaches have been developed, including 

ultrasound-, high pressure-, infrared- and microwave-assisted digestions (42-46), as well as 

on-column digestion using immobilized enzyme (47, 48). The latter strategy is particularly 

interesting because it can be performed online with MS. However, because the buffer used 

for digestion may not be compatible with MS detection conditions, the digested protein 

solution may need additional solvent or pH adjustment prior to MS analysis. It would be 

ideal to design a method that allows direct analysis of digested proteins without additional 

offline sample treatment. Interestingly, liquid DESI can be used for this purpose and the 

underlying rationale is that the spray solvent in liquid DESI can be adjusted to obtain 

optimal ionization efficiency of the on-column digested proteins.

In this study, a trypsin-immobilized capillary column was first prepared and two proteins, β-

casein and myoglobin, were chosen as test samples for demonstrating the feasibility of the 

combined on-column protein digestion with online DESI-MS detection for shotgun protein 
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analysis. Protein samples are dissolved in ammonium bicarbonate buffer, an optimal solvent 

for trypsin digestion. This digestion buffer pH was kept at 8.0 to maintain trypsin activity. 

While a protein sample is flowed through the trypsin-immobilized column, the digestion 

takes place. The digested protein is subjected to DESI-MS detection while exiting the 

capillary column.

The phosphoprotein β-casein, an important component in milk, was first tested. 1 mg/mL β-

casein in 25 mM ammonium bicarbonate was infused through the capillary column for 

digestion. After infusion of the sample, the digested peptides could be detected by DESI-MS 

as soon as they flowed out of the column. As shown in the DESI-MS spectrum (Figure 3b), 

ten peptide ions including [EAMAPK+H]+ (m/z 646.3), [GPFPIIV+H]+ (m/z 742.4), 

[EMPFPK+H]+ (m/z 748.4), [VLPLVPQK+H]+ (m/z 780.5), [AVPYPQR+H]+ (m/z 830.5), 

[[RELEELNVPGEIVRpSLpSpSpSEESITR+3H]3+ (m/z 1041.5), 

[AKAVPYPQRDMPIQAFLLYQEPVLGPVRGPFPIIV+3H]3+ (m/z 1241.7), 

[DMPIQAFLLYQEPVLGPVRGPFPIIV+2H]2+ (m/z 1455.8), 

[RELEELNVPGEIVRpSLpSpSpSEESITR+2H]2+ (m/z 1562.2) and 

[AKAVPYPQRDMPIQAFLLYQEPVLGPVRGPFPIIV+2H]2+ (m/z 1862.1) were observed. 

CID was used for their sequence confirmation. For example, upon CID, the phosphopeptide 

ion [RELEELNVPGEIVRpSLpSpSpSEESITR+3H]3+ at m/z 1041.5 dissociated to m/z 
1009.2, m/z 976.5, and m/z 943.8 products from losses of one, two, and three phosphate 

groups, respectively. Other fragment ions including y1, y2, y3, b3, b4, b5, b6, b7, (b7)2+, b8, 

b9, b10, b11, (b11)2+, b12, (b12)2+, b13, (b13)2+, b14, and (b14)2+ from CID of m/z 1041.5 were 

also observed, confirming the ion assignment. As a comparison, nano-ESI was performed 

with a high voltage of 5 kV applied directly applied to the capillary column to effect 

nanoelectrospray (apparatus shown in Scheme 1S, Supporting Information). However, with 

nano-ESI-MS, fewer peptides ions were seen and [DMPIQAFLLYQEPVLGPVRGPFPIIV

+2H]2+ (m/z 1455.8) and [AKAVPYPQRDMPIQAFLLYQEPVLGPVRGPFPIIV+2H]2+ 

(m/z 1862.1) ions were not detected (Figure 3a). Besides, the absolute intensity of the base 

peak was 735 (manufacturer arbitrary unit, Figure 3a), which is much lower than that in the 

DESI-MS spectrum (6940, Figure 3b). This can be accounted for by the fact that the DESI 

spray solvent was ACN/H2O/5% FA that favored peptide ionization while, in the nano-ESI, 

the spray solvent was 25mM ammonium bicarbonate and lacked organic solvent and acid 

additives. In addition, the entire digestion time took place in ca. 6 minutes (based on the 

flow rate of sample injection and the capillary dead volume) and direct online digestion/

DESI-MS was realized, providing a fast shotgun protein analysis approach.

Another protein test sample myoglobin was also examined. Myoglobin, known as a 

protease-resistant-protein, is more difficult to digest (49, 50). An on-column tryptic 

digestion was also performed with the use of the same capillary column mentioned above. A 

1 mg/mL myoglobin in ammonium bicarbonate was first heated to 95°C for five minutes for 

denaturation and then was injected into the trypsin column after cooling. Figure 4 shows the 

contrast of the digestion results of myoglobin using nano-ESI-MS (Figure 4a) and DESI-MS 

(Figure 4b). With nano-ESI-MS, few peptide ions such as [FKHLK+H]+ (m/z 672.3) and 

[ALELFR+H]+ (m/z 748.4) were detected and the sequence coverage was only 6%. This 

may be due to the ionization problem due to the digestion buffer and non-optimal nano-ESI 

solvent, as mentioned above. Under the same digest conditions, when the DESI was applied, 

Cheng et al. Page 7

Int J Mass Spectrom. Author manuscript; available in PMC 2016 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



many more peptide ions were seen (Figure 4b), including [HLK+H]+ (m/z 397.3), 

[NDIAAK+H]+ (m/z 631.4), [ELGFQG+H]+ (m/z 650.3), [FKHLK+H]+ (m/z 672.3), 

ALELFRNDIAAK+2H]2+ (m/z 680.9), [FDKFK+H]+ (m/z 684.4), HGTVVLTALGGILK

+2H]2+ (m/z 689.9), [TEAEMK+H]+ (m/z 708.3), [HKIPIK+H]+ (m/z 735.5), [ALELFR

+H]+ (m/z 748.4), [ASEDLK+H]+ (m/z 790.4), [VEADIAGHGQEVLIR+2H]2+ (m/z 
804.4), [HKIPIKYLEFISDAIIHVLHSK+3H]3+ (m/z 867.8), [GHHEAELKPLAQSHATK

+2H]2+ (m/z 927.5), [YKELGFQG+H]+ (m/z 941.5), [YLEFISDAIIHVLHSK+2H]2+ (m/z 
942.5) and [HKIPIKYLEFISDAIIHVLHSKHPGDFGADAQGAMTK+4H]4+ (m/z 1022.5), 

showing a protein sequence coverage of 81.2%. The absolute intensity of the base peak in 

the DESI-MS spectrum (7700) is more than 60 times higher than that of nano-ESI-MS 

spectrum (125). This result further suggests the advantage of coupling an enzyme-

immobilized capillary column with DESI-MS detection for protein analysis, providing both 

high sensitivity and fast analysis.

In this experiment, our modified DESI is similar to ESI with use of a sheath liquid (51) in 

terms of ion source configuration. However, they are different and there are several 

advantages with our modified DESI method that are important for fast analysis in 

comparison to ESI. First, both tips of the two capillaries were tapered to achieve the 

nanoelectrospray effect for enhancing ionization sensitivity, which is not possible for the two 

capillaries used in ESI that are concentric. In addition, it is very easy to install/uninstall the 

whole apparatus in our modified liquid DESI setup, which only needs the two capillary tips 

to be in contact with each other. Third, the sample capillary in our DESI method is easily 

replaced and modified, which is essential for enzyme-immobilization.

4. Conclusions

In conclusion, enhanced performance of liquid sample DESI-MS were achieved using trap 

cartridge columns or enzyme-bound capillary columns. In combination using a trap column 

for desalting and enrichment of low concentration samples, trace amount (nM concentration) 

of drug-of-abuse in drink or peptides or proteins in nonvolatile phosphate buffer can be 

detected with DESI-MS. In addition, DESI-MS coupled with a modified capillary column is 

capable of performing fast on-column trypsin digestion of myoglobin and phosphoprotein β-

casein with high sensitivity and analysis speed. It is expected that this modified DESI-MS 

method would have great potential applications in both trace analysis and proteomics 

research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
a) ESI-MS spectrum of 50 nM flunitrazepam in Diet Pepsi; b) DESI-MS spectrum of 50 nM 

flunitrazepam in Diet Pepsi after trap column desalting and enrichment. Figure 1b inset 

displays the extracted ion chromatogram (EIC) of the ion detected at m/z 314.
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Figure 2. 
ESI-MS spectra of a) 50 nM angiotensin II in 0.1M phosphate buffer and b) DESI-MS 

spectrum of 50 nM in angiotensin II in 0.1 M phosphate after online desalting using the trap 

column. ESI-MS spectra of c) 20 μM insulin in 0.1 M phosphate buffer and d) DESI-MS 

spectrum of 40 nM insulin in 0.1 M phosphate after online desalting using the trap column.
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Figure 3. 
a) Nano ESI-MS spectrum of 1 mg/mL β-casein in 25 mM ammonium bicarbonate infused 

through the immobilized trypsin column for digestion; b) liquid DESI-MS spectrum of 1 

mg/mL β-casein in 25 mM ammonium bicarbonate infused through the immobilized trypsin 

column for digestion.

Cheng et al. Page 14

Int J Mass Spectrom. Author manuscript; available in PMC 2016 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
a) Nano ESI-MS spectrum of 1 mg/mL myoglobin in 25 mM ammonium bicarbonate 

infused through the immobilized trypsin column for digestion; b) liquid DESI-MS spectrum 

of 1 mg/mL myoglobin in 25 mM ammonium bicarbonate infused through the immobilized 

trypsin column for digestion
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Scheme 1. 
a) Scheme showing the configuration of trap column/DESI-MS; DESI spray solvent used 

was MeOH/H2O/1%HOAc. b) Scheme showing the configuration of capillary column/

DESI-MS; DESI spray solvent used was ACN/H2O/5% FA.

Cheng et al. Page 16

Int J Mass Spectrom. Author manuscript; available in PMC 2016 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Graphic abstract
	1. Introduction
	2. Materials and Methods
	2.1 Materials
	2.2 Methods
	Trypsin-immobilized capillary column preparation


	3. Results and discussion
	3.1. Liquid DESI-MS using a trap cartridge column
	3.1.1 Detection of drug of abuse in drink
	3.1.2 Detection of proteins/peptides in phosphate buffer

	3.2 Liquid DESI-MS using an enzyme-immobilized capillary column

	4. Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Scheme 1



