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Abstract

Peptide identification by liquid chromatography-mass spectrometry (LC-MS) requires retention 

and elution of peptides from the LC column. Although medium and hydrophobic peptides are 

readily retained by the C18 columns that are commonly used in proteomics, short and hydrophilic 

peptides are not retained nor measured by MS due to their elution in the void volume after sample 

injection. These non-retained peptides can possess important post-translational modifications, such 

as glycosylation or phosphorylation. We describe a total retention LC-MS method that employs a 

reverse phase C18 column and porous graphitic carbon (PGC) column to retain both hydrophobic 

and hydrophilic peptides for LC-MS analysis. Our setup uses a single valve with a trapping 

column and two LC pumps run at low microliter/minute flow rates to deliver separate gradients 

to parallel capillary C18 and PGC columns. Our capillary LC system balances the need for high 

sensitivity with ease of implementation compared to other 2D LC systems that use nanocolumns 

with multiple trapping valves. We demonstrate the utility of the method identifying hydrophilic 

peptides that went undetected when only a C18 nanocolumn was used. These missed hydrophilic 

peptides include tripeptides and N-glycosylated species.

INTRODUCTION

Liquid chromatography-mass spectrometry (LC-MS) is widely used to identify proteins 

and characterize their post-translational modifications (PTMs).1–3 Typically, a protein or a 

mixture of proteins is digested with an enzyme like trypsin, and the resulting mixture of 

peptides is analyzed by LC-MS using a reverse phase (RP) C18 column. The peptides 
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eluting from the LC are detected and fragmented by the MS, creating peptide mass 

fingerprint data that can be readily searched by several commonly used algorithms.4 Ideally, 

the amino acid-sequence coverage from the LC-MS analysis would be 100% for each 

protein. However, this is a challenging goal for samples of limited quantities run on nano or 

capillary RP columns because short peptides and peptides that contain several hydrophilic 

sites and are not well retained, elute with the sample matrix or void volume of the injection, 

and are not detected.5 These missed peptides are not required for protein identification 

because large numbers of other peptides are retained on the RP column, measured, and used 

for protein identification. However, these short and hydrophilic peptides that are not retained 

by an RP column often contain serine and threonine residues where phosphorylation or 

O-glycosylation may occur that only increases hydrophilicity.6 Serine and threonine also 

accompany asparagine as the site for N-glycosylation (e.g. the NXS/T motif).7 These short, 

unretained peptides will go undetected, and so will any phosphorylation or glycosylation 

PTMs associated with these peptides.

Early attempts to increase the retention of hydrophilic peptides on an RP column focused 

on the use of ion-pairing reagents such as trifluoroacetic acid (TFA) or heptafluorobutyric 

acid (HFBA).8–10 However, TFA and HFBA greatly reduce the ESI ionization efficiency 

and, therefore, the sensitivity of the MS analysis.11–12 Other approaches include chemically 

modifying the peptides with a non-polar group13 or use of a different enzyme from trypsin 

to make the hydrophilic amino acid region created by trypsin into a larger hydrophobic 

region.14 These approaches increase the amount of sample treatment and are not always 

sufficient to account for all the hydrophilic peptides.

Hydrophilic interaction chromatography (HILIC) has proven to be a good alternative to 

RP for analyzing short and hydrophilic peptides.15–16 HILIC columns have been shown to 

be particularly effective at analyzing glycosylated peptides.17 Although the HILIC mobile 

phase is ESI-MS compatible, the loading conditions require a high concentration of organic 

solvent for which many hydrophobic peptides have limited solubility. Therefore, to analyze 

the full complement of peptides, samples are often injected on separate RP and HILIC 

columns.18

A porous graphitic carbon (PGC) column uses similar mobile phases and gradients that are 

used for RP and also has the ability to retain hydrophilic peptides and glycosylated peptides, 

making the combination of RP-PGC easier to pair in a 2D LC system for complete proteome 

analysis of both hydrophobic and hydrophilic peptides.19–21 Lewandrowski and Sickmann 

described a 2D LC-MS system that simultaneously uses a C18 column, a PGC column, two 

trapping columns (C18 and PGC), two nano-gradient LC pumps, a loading pump, two ten-

port valves, and a six-port valve.22 This setup has the benefit of retaining and analyzing both 

hydrophilic and hydrophobic species in a single analysis and was demonstrated for retention 

and identification of short and glycosylated peptides. Since then, several 2D and 3D LC-MS 

systems have been described incorporating a PGC column for proteomics analysis that 

includes measuring hydrophilic peptides. However, the systems used are also complex. 

For example, Lam et al. reported a 2D RP-RP-PGC setup for analyzing complex samples, 

but the system includes multiple switching valves to manage the high pH-RP, low pH-RP 

and PGC gradients.23 Zhao et al. described both 2D RP-PGC24 and 3D RP-PGC-HILIC25 
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systems for shotgun proteomics analysis that includes glycopeptide analysis. Although these 

systems demonstrate the ability to identify glycopeptides, they are complex to set up and 

operate. Stavenhagen et al. used pronase instead of trypsin to deliberately produce short 

peptides for glycopeptide analysis and designed an RP-PGC LC-MS system that would 

analyze the resulting peptides.26 Although their LC-MS system was simpler than other 

reported systems, it still requires multiple trapping valves, making it a challenge to configure 

and employ.

We believe the combination of C18 and PGC columns has great merit as demonstrated 

by the examples described above, but we feel a more simplified setup is warranted for 

the characterization of a protein PTMs from single sample of limited quantity. We report 

here a simplified, 2D C18-PGC column system that uses standard LC equipment to achieve 

the retention of both hydrophilic and hydrophobic peptides. We call our system “total 

retention LC-MS.” We demonstrate the utility of our system using two different human 

blood coagulation proteins. The first is tissue factor (TF), a small protein (approximately 

30 kDa) that we have reported on previously regarding the identification and importance of 

its N-glycosylation.27–28 The second is factor Va light chain (FVaLC), a much larger protein 

(approximately 75 kDa) whose PTMs have not been fully characterized.

EXPERIMENTAL SECTION

Materials.

Water, acetonitrile, and trifluoroacetic acid were purchased from Fisher Scientific 

(Pittsburgh, PA), formic acid from EMD chemicals (Gibbstown, NJ), and modified trypsin 

and ProteaseMAX from Promega (Madison, WI). A Peptide CapTrap (0.5-mm ID × 2-mm 

that according to the manufacture produces C8-like retention and referred to hereafter as 

a C8 trap) and the 0.2-mm ID × 50-mm C18 AQ (3 μm) column were purchased from 

Bruker-Michrom (Auburn, CA). The PGC column was a Hypercarb® 0.18-mm ID × 100 

mm (5 μm) from ThermoFisher (West Palm Beach, FL). LC-MS instrumentation included a 

Shimadzu Prominence HPLC (Columbia, MD), a ThermoFisher Surveyor HPLC pump and 

a ThermoFisher LTQ MS.

Sample preparation.

Human placenta-derived tissue factor (pTF) was purified from Thromborel S®, a 

commercial thromboplastin, by a procedure previously described.29 Vials of Thromborel 

S were resuspended in tris-buffered saline (pH = 7.4) containing 0.2% Triton X-100 and 

affinity purified using a sepharose-coupled anti-TF-5 mAb. Proteins were quantified by 

fluorescence-linked immunoassay by capture on anti-TF-5 mAb-coupled beads, probed with 

biotinylated anti-TF-48 mAb and detected using R-PE streptavidin.

Human FVa was isolated from platelet-poor plasma (10 mL) that was re-calcified to 50-mM 

CaCl2 and treated with thrombin (75 nM) for 10 min at 37 °C. The resulting fibrin clot 

was removed from the plasma by centrifugation (1,300× g, 25 °C, 10 min) and/or adherence 

to a 14.5-cm wooden applicator stick. Hirudin (112 nM), benzamidine (20 mM), soybean 

trypsin inhibitor (20 μg/mL), and AEBSF (2 μM) were added, followed by 1 mL of a 
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sepharose-coupled anti-factor V monoclonal antibody resin slurry. The sample was rocked 

gently for two hours at 4 °C, at which point the resin was pelleted by centrifugation (180× g, 

25 °C, 5 min), the supernatant was removed, and the resin was batch washed with repeated 

rounds of centrifugation and re-suspension in 1-mL low salt wash buffer (20 mM Tris pH 

7.4, 150 mM NaCl, 10 mM CaCl2, 1 mM benzamidine) until the A280 of the wash solution 

was <0.1. The washing procedure was repeated with a mid-salt wash buffer (20 mM Tris pH 

7.4, 350 mM NaCl, 10 mM CaCl2, 1-mM benzamidine). To elute the sample, 200 μL 10% 

SDS was added to the resin, the resulting slurry was incubated for 3 min at 25 °C, pelleted 

by centrifugation, and the supernatant recovered.30

The purified pTF and FVaLC were run separately on a 10% polyacrylamide SDS-PAGE 

gel and stained with Coomassie blue. The bands were excised, reduced, alkylated with 

iodoacetamide, and digested with trypsin in the presence of ProteaseMAX, according to the 

manufacturer’s instructions. The samples had final volumes of about 40 μL each, and 10 μL 

of each were injected onto the LC system.

LC-MS setup and operation.

Our setup requires two separate gradient pumps (Pump 1 and Pump 2), an autosampler, a 

six-port valve, a C8 trap, a C18 column, a PGC column, and the mass spectrometer. Pump 1 

is operated with solvents A (97.5% water, 2.5% acetonitrile, 0.05% TFA, 0.1% formic acid, 

v/v) and B (5% water, 95% acetonitrile, 0.05% TFA, 0.1% formic acid). Pump 2 solvents are 

A (water with 0.1% formic acid) and B (acetonitrile with 0.1% formic acid). Both pump 1 

and pump 2 are connected to flow-splitting tees that allowed them to run at 90 μL/min but 

deliver 4 μL/min to the autosampler, C8 trap, and PGC and C18 columns. The PGC column 

was kept at 60 °C.

The sample is first injected via the autosampler (pump 1 at 100% A) onto the C8 

trap connected across the 6-port valve (Figure 1A, blue-colored flow path). Hydrophobic 

peptides are retained on the C8 trap, but unretained hydrophilic peptides pass through to 

the PGC column. After 10 min, the 6-port valve is switched to connect the C8 trap to the 

C18 column (Figure 1B, red-colored flow path) where the flow to the C8 trap now comes 

from pump 2 (set at 5% acetonitrile). A gradient is started to the C18 column (pump 2) that 

reaches 40% acetonitrile at 30 min. During this time, hydrophobic peptides elute from the 

C18 column. Pump 1 continues to provide flow to the PGC column and remains at 100% A 

until 25 min when a gradient increases pump 1 to 40% B at 45 min. This gradient causes 

the hydrophilic peptides to elute from the PGC column. At this point all peptides have eluted 

from both the C18 and the PGC columns. The columns are cleaned by increasing pump 1 

to 100 % B at 45 min and ramping pump 2 to 80% B at 51 min. The pumps are returned 

to their starting conditions at 55 min, and the 6-port valve returned to the initial setting. 

Allowing for column equilibration, the total time for an analysis is 70 min. Approximately 

50 sample injections can be carried out on this setup prior to extensive washing of the PGC 

column as previously described.31

The flows from both columns are joined together by a tee that is connected to a Michrom 

Captive Spray source that is attached directly to a Thermo Scientific LTQ MS. The Captive 

Spray source was operated according to the manufacturer’s recommendations: 1.6kV for 
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the capillary voltage, 170 °C for the capillary temperature, and an auxiliary gas flow of 8 

units. The Thermo Scientific LTQ MS was operated in a data-dependent acquisition mode as 

previously described.27 In addition to these MS parameters, an additional scan segment was 

added where an MS3 scan was triggered based on the presence of an oxonium (sugar) loss 

detected in the MS/MS scan. Table S-1 shows the neutral loss mass list that we used to take 

into account the loss of a sugar unit for doubly and triply charges glycopeptides. The use 

of a sugar neutral loss to trigger MS3 spectra to identify glycopeptides has been described 

previously.32

Data analysis.

The LC-MS data were viewed in Qualbrowser and also searched using the SEQUEST 

algorithm in Proteome Discoverer and a reduced database containing only the amino acid 

sequences for TF and FVaLC. The Xcorr versus charge state (z) were set to 1.00 for z = 1, 

2.00 for z = 2, and 3.00 for z = 3. The identified peptide MS/MS spectra were also manually 

inspected to eliminate the possibility of false positive identification. We also manually 

extracted the peptide precursor ions (for z = 1, 2, and 3) for peptide sequences that were 

not identified by SEQUEST and manually identified the b-type and y-type fragment ions. 

We identified potential glycopeptides by reviewing in Qualbrowser the MS/MS that had 

triggered an MS3 scan and identifying the glycan composition based on specific mass losses 

of different sugars as described previously.33–34 By subtracting the glycan molecular weight 

from the molecular weight of the glycopeptide, we determined the peptide molecular weight 

and matched this weight to the predicted peptide sequences from the tryptic peptides, taking 

into account possible miscleavages by trypsin.

RESULTS AND DISCUSSION

Human placenta-derived tissue factor (pTF).

Our goal was to identify all possible PTMs on pTF, an integral membrane protein that 

plays a key role in initiation of blood coagulation in vivo.35 We have previously reported 

achieving 71% sequence coverage of pTF using a combination of trypsin and GluC 

digestions by conventional nano-ESI LC-MS/MS using a C18 nanocolumn.27 Most of the 

missing peptides contained a serine, threonine, or both. Because this protein has been well 

characterized,27–28 it was chosen to test our system and potentially increase the amino acid 

sequence coverage by LC-MS.

Figure 2 shows the base peak plot of 2 pmol of pTF sample digested with trypsin and 

analyzed by our setup where full MS spectra were collected from 260–2000 m/z. Three 

groups of peaks elute and enter the MS between 1 and 45 min prior to the column wash and 

re-equilibration. Region 1 represents hydrophilic peptides that were not retained on the C8 

trap and only weakly retained on the PGC column. These peptides eluted in the first 10 min 

under the initial starting conditions and continued for an additional 3 min. Region 2 shows 

peptides that were retained on the C8 trap, then eluted to the C18 column and separated on 

this column during the C18 gradient by/before 30 min (end of pump 2 gradient, Figure 2 red 

trace). Region 3 shows peptides that were not retained on the C8 trap, but were retained by 

the PGC column and separated by this column during the pump 1 gradient (from 25 to 45 
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min, Figure 2 blue trace). At 45 min, pump 1 to the PGC column went to 100% B, and pump 

2 went to 80% B at 51 min to wash both columns before equilibrating for the next analysis. 

No identifiable peptides eluted off either column during this high acetonitrile wash period.

We show in Figure 3 the extracted ion chromatograms for some of the hydrophilic peptides 

from the trypsin digest of pTF. The peptides DVK, SSSSGK, and SSSSGKK were not 

detected when injected onto a C18 nanocolumn alone.27 They were not retained by the C8 

trap, but were weakly retained by the PGC column and eluted between 6–7 min (Figures 

3A–3C region 1). We also did not previously detect the hydrophilic peptides TLVR, STNFK, 

and DVFGK.27 On our setup, these peptides were also not retained on the C8 trap, but 

were well retained on the PGC column, eluting between 33 and 36 min (Figures 3D–3G 

region 3). Peptide QTYLAR appeared as two peaks at 14.4 min and at 39.6 min (Figure 

3G). This peptide had some retention on the C8 trap, thereby splitting the peptide between 

the PGC and C18 columns. Having two LC-MS peaks for one peptide is not a disadvantage 

for a discovery analysis as long as one of the peaks has sufficient intensity to be chosen 

for MS/MS and yields good fragment ion data. If it became desirable to have this peptide 

completely retained on the PGC column, we would increase the amount of acetonitrile 

during the sample injection, thereby decreasing this peptide’s interaction with the C8 trap 

and moving 100% of QTYLAR onto the PGC column.

Table S-2 provides the theoretical hydrophobicity index of each peptide calculated using 

SSRCalc (http://hs2.proteome.ca/SSRCalc/SSRCalcQ.html).36 A negative or low positive 

index value indicates low hydrophobicity and limited retention on a C18 column. As 

expected, the hydrophobicity indices are very low (−5.5 to −2.4) for region 1 peptides that 

were not retained by the C8 trap, but weakly retained on the PGC column. The indices were 

higher (1.1 to 5.2) for region 3 peptides that were also not retained on the C8 trap, but were 

retained and eluted from the PGC column. Peptides identified as retained on the C8 trap and 

eluting from the C18 column (region 2) had intermediate to higher (5 to 20) indices.

We show in Figure 4 the amino acid sequence for pTF and use color to denote the 

peptides we identified. The amino acid sequence displayed in red represents peptides that 

were identified using the C18 column alone. Three of these peptides required manual 

identification due to N-glycosylation (sites Asn-11, Asn-124, and Asn-137), as previously 

described.27 Another very large peptide that consisted of 49 amino acids (Val-75 to Lys-122) 

was also identified manually. About 74% of the protein’s peptides were retained on the C8 

trap and separated by the C18 column. We show in blue the hydrophilic peptides detected 

by our setup. These hydrophilic peptides accounted for a 14% increase in the pTF amino 

acid-sequence coverage (88% total coverage versus 74% from the C18 column alone). 

These peptides also have ten potential phosphorylation sites. If any of these sites were 

phosphorylated, the PTM would have gone unidentified using a conventional C18 column. 

We show in red and underline in blue the peptide sequence that was partially retained 

on the C8 trap and therefore identified on both C18 and PGC columns. The remaining 

unidentified amino acids from pTF are shown in black and represent the very hydrophobic 

trans-membrane domain that we did not expect to elute from the C18 column. Because 

peptides GEFR and CR are on either side of the trans-membrane domain, we believe their 
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absence in our LCMS data represents them remaining bound to the trans-membrane domain 

and not cleaved by trypsin during the digestion step.

We found that heating the PGC column and using some TFA in the PGC gradient eliminated 

LC peak tailing that occurred when running the column at room temperature and using 

formic acid alone in the mobile phase. By teeing together the flows from the PGC column 

(0.05% TFA) and the C18 column (no TFA), we are able to decrease the TFA concentration 

by half at the ESI source as well as blend 40% acetonitrile coming from the C18 column 

during the elution of hydrophilic peptides from the PGC column during the PGC gradient. 

Diluting the TFA concentration and the additional acetonitrile added prior to MS analysis 

helped to decrease the negative impact TFA has on ESI.37 We observed that the signal 

intensities for peptides retained by the PGC column were higher when the PGC gradient 

was run after the C18 gradient, (compared to running the PGC gradient first when only 

5% acetonitrile was coming from the C18 column). Hence, by teeing together the flows 

exiting both columns and running the PGC gradient after the C18 gradient, we were able to 

optimize the ionization of the hydrophilic peptides. Although no new PTMs were discovered 

for pTF using this system, the proof of concept demonstrated here gave us the confidence to 

apply this system to another protein derived from human factor Va.

Plasma-derived human factor Va light chain.

Although N-glycosylation has been identified on FVaLC after treatment with PNGase F,38 

glycan compositions have not been defined, nor have all the potential N-glycosylation sites 

been identified based on the NXS/T motif using mass spectrometry until recently.39 One 

potential site that we have focused upon is Asn-1982 that would be contained in the short 

hydrophilic tryptic peptide GNSTR, a peptide that we had been unable to measure using a 

standard C18 column (data not shown).

Figure 5A shows the base peak plot of 2 pmol of trypsin-digested FVaLC injected onto our 

total retention LC-MS system where full MS spectra was collected between 400–2000 m/z. 

By reviewing the MS/MS and MS3, we found spectra that were typical of glycopeptides. 

We identified the glycan composition based on specific mass losses and were able to 

determine the peptide molecular weight for each group of glycopeptides. Figure 5B shows 

the extracted ion current for the full MS that represents the glycopeptide on Asn-2181 

(m/z = 1356, where z = 2). The glycan attached to the asparagine consisted of the penta-

saccharide core (GlcNAc2Man3),40 which we will refer to hereafter as the “core,” plus two 

N-acetyl hexosamines and two hexoses. The type of MS analysis we used is limited to 

defining glycan composition, and the glycan figure shown in Figure 5B is only meant to 

account for that composition. We did not carry out an analysis to determine the specific 

glycan structure. The Asn-2181 glycopeptide was retained by the C8 trap and eluted from 

the C18 column in region 2 of Figure 5B. The hydrophobicity index for the peptide sequence 

without the glycan from SSRCalc is 11.0.

Figure 5C shows the extracted ion from the full MS scan for the glycopeptide on Asn-1675. 

This glycopeptide contains a miscleavage. Not surprisingly due to the size of the miscleaved 

peptide, the glycopeptide was also retained by the C8 trap and eluted from the C18 column 

in region 2 of the chromatogram. We identified the glycan composition to be the same as the 
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glycopeptide described above: core plus two N-acetyl hexosamines and two hexoses. The 

hydrophobicity index for the peptide without the glycan from SSRCalc is 16.4.

Figure 5D shows the extracted ion chromatogram for the glycopeptide GNSTR (Asn-1982). 

GNSTR was not retained on the C8 trap, but was retained and eluted from the PGC column. 

The hydrophobicity index for this peptide sequence without glycan from SSRCalc is −4.3. 

This value is more comparable to indices for peptides that elute in region 1 (Table S-2). 

We are presuming that the glycan moiety increased retention on the PGC column for this 

peptide. The glycan composition shown in Figure 5D is the core plus six hexoses.

We summarize in Figure 6 the amino acid sequence for FVaLC found by using our system. 

Most of the amino acid sequence was detected from peptides that were retained by the C8 

trap and eluted from the C18 column (Figure 6, red). Some of these peptides shown in red 

were weakly retained by the C8 trap and eluted from both columns during their respective 

gradients (Figure 6, red sequences with a blue underline). The tripeptide LAR was only 

weakly retained by the PGC column and eluted at 7.5 min (data not shown). The other 

hydrophilic peptides shown in blue in Figure 6 were well retained by the PGC column and 

eluted in region 3. Shown in black are the peptides that were not identified, which represent 

about 6% of the amino acid sequence. Overall, the PGC column allowed us to increase 

the protein amino acid sequence coverage by 16% versus using the C18 column alone, 

increasing the total amino acid sequence coverage for FVaLC to 94%.

CONCLUSION

Enzymatic digestion of proteins will produce a complex mixture of peptides. Some peptides 

will be hydrophilic and go unmeasured as they are barely or not at all retained on a C18 

nanocolumn. We designed our system combining the complementary nature of the C18 and 

PGC phases to retain these hydrophilic peptides. The additional retention and separation 

provided by the PGC column for hydrophilic peptides allows the potential to discover PTMs 

that would otherwise be missed with a conventional LC-MS analysis using a C18 column. 

Hence, our system collects information on all the species in a complex mixture from a single 

sample preparation. As we have shown, the PGC column can be readily integrated into the 

LC-MS system with minimal changes. The mobile phases used with the PGC column are 

compatible with C18 and other reverse phase materials, making this combination a natural 

partnership. The only major change is a loss in throughput due to an increase in the analysis 

time by 25–50%. However, we believe this increase in time is a reasonable sacrifice for the 

increased ability to account for possible PTMs on short, hydrophilic peptides.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic and operation of the total retention LC-MS system. (A) Shows the flow path 

when a sample is injected. Flow from pump 1 (in blue) carries the sample aliquot from 

the autosampler, to the C8 trap and onto the PGC column. During this period, flow from 

pump 2 (in red) goes only to the C18 column. (B) Shows the flow path during the analytical 

gradients for the C18 and PGC columns where the 6-port valve has been actuated to the 

alternate position. Flow from pump 2 (in red) now passes through the C8 trap and onto the 

C18 column. Flow from pump 1 (in blue) goes directly to the PGC column. The PGC and 

C18 columns are connected to a tee prior to the MS.
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Figure 2. 
LC-MS base-peak chromatogram from a trypsin digestion of human placenta-derived tissue 

factor. The y-axis left side is relative ion intensity or abundance, and the y-axis right side 

shows %B for the gradient profiles for pump 1 (blue) and pump 2 (red). Region 1 (1 to 13 

min) represents elution of hydrophilic peptides that were not retained on the C8 trap and are 

weakly retained on the PGC column. This region extends into the beginning of the pump 2 

gradient. Region 2 shows peptides that were retained on the C8 trap and sequentially eluted 

onto and separated by the C18 column during the C18 gradient. Region 3 (25 to 45 min) 

shows hydrophilic peptides that were retained by the PGC column and eluted during the 

pump 1 gradient.
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Figure 3. 
Extracted ion chromatograms of hydrophilic peptides from a trypsin digestion of 2 pmol of 

tissue factor. Peptides that were not retained on the C8 trap and only weakly retained on 

the PGC column are region 1 (blue): (A) DVK, (B) SSSSGK, and (C) SSSSGKK. Peptides 

that were well retained by the PGC column and eluted from the column during the PGC 

gradient are region 3 (blue): (D) TLVR, (E) STNFK, and (F) DVFGK. One peptide was split 

between the PGC and C18 columns due to some retention on the C8 trap, region 2 (red): (G) 

QTYLAR.
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Figure 4. 
Amino acid sequence coverage for tissue factor. Peptides that were identified and came from 

the C18 column are shown in red. Peptides identified from the PGC column are shown in 

blue. Peptides that came from both the C18 and PGC columns due to some retention on the 

C8 trap are shown in red with a blue underline. Peptides that were not identified are shown 

in black. The amino acids in red and blue represent 88% of tissue factor.
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Figure 5. 
LC-MS chromatograms from a trypsin digestion of factor Va light chain. (A) Base peak plot. 

(B) Extracted ion chromatogram of TWNQSIALR glycosylated on Asn-2181. (C) Extracted 

ion chromatogram of TYEDDSPEWFKEDNAVQPNSSYTYVWHATER glycosylated on 

Asn-1675. (D) Extracted ion chromatogram of the hydrophilic GNSTR glycosylated on 

Asn-1982.
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Figure 6. 
Amino acid sequence coverage for factor Va light chain. Amino acid position numbering is 

based on full length factor V. Peptides that were identified and came from the C18 column 

are shown in red. Peptides identified from the PGC column are shown in blue. Peptides that 

came from both the C18 and PGC columns due to some retention on the C8 trap are shown 

in red with a blue underline. Peptides that were not identified are shown in black. The amino 

acids in red and blue represent 94% of FVaLC.
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