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Introduction 
 

The quantitation of proteins in serum is essential for the 

assessment of the immune response to therapeutic 

proteins such as monoclonal antibodies and for 

understanding the immunological properties of these 

proteins. If therapeutic and endogenous proteins have to 

be distinguished or several proteins need to be monitored 

in parallel the use of ligand binding assays such as ELISAs 

is limited. Liquid chromatography coupled with mass 

spectrometry (LC-MS) is an emerging technology for this 

application. Whereas triple quad type mass spectrometers 

have been the instrument of choice for high throughput 

quantitation assays in the past, instruments providing high 

resolution and accurate mass have started to show their 

benefits in this application area. 

Here we have developed a rapid and robust quantitation 

strategy of Cetuximab (Erbitux, a therapeutic monoclonal 

antibody for the treatment of colorectal cancer) and two 

additional protein standards (bovine serum albumin and 

bovine transferrin) spiked  into human plasma with a LLOQ 

at the low pmol/mL level. Following the addition of isotope 

labeled standard peptides as internal standards, the 

plasma samples were reduced, alkylated and digested with 

trypsin. One of the key challenges in the sample 

preparation workflow, the control of the digestion step, was 

addressed by optimizing digest conditions such as time, 

temperature and amount of trypsin used. Samples were 

analyzed using a high resolution non-targeted full-scan-MS 

method in comparison with a targeted SIM and targeted 

MS/MS methods selectively focusing on proteotypic 

peptides and their corresponding isotope labeled analogs. 

 

Experimental 
 

General: Samples were denaturated, reduced and 

alkylated followed by overnight digestion with trypsin. After 

peptide clean-up and evaporation to dryness, the samples 

were reconstituted in acidified water/ACN (95:5, v/v) and 

analyzed by LC-MS resp. LC-MS/MS in high-resolution 

mode. The method covers a quantitation range of 6.60 to 

660 pmol/mL for Cetuximab (19.8 to 1980 fmol on column), 

a concentration range of 13.0 to 1300 pmol/mL for bovine 

transferrin (39 to 3900 fmol on column), and a 

concentration range of 15.0 to 1500 pmol/mL for bovine 

serum albumin (45 to 4500 fmol on column). 

Working-solutions and Sample Preparation: The target 

proteins were dissolved separately in denaturing buffer at 

concentrations of 2.00 mg/mL. Aliquots of 10.0 µL of each 

solution were spiked into 170 µL human plasma and 

subsequently diluted with human plasma containing the 

labeled internal standards of the target peptides. 20.0 µL 

reducing agent were added and the samples were 

incubated at 37 C and 500 rpm for 1 hour. After the 

addition of 40.0 µL alkylation agent and incubation at room 

temperature for 30.0 minutes, 480 µL dilution buffer (pH ~ 

8) and 36.0 µL trypsin were added and the samples were 

incubated overnight at 37 C and 1000 rpm. Digestion was 

stopped by addition of 80.0 µL 10% TFA solution (pH < 2). 

After clean-up using a C18 spin plate, the combined 

eluates were evaporated to dryness and reconstituted in 

100 µL acidified water/ACN (95:5, v/v).  

 

Chromatography: Separations were performed on a 

Thermo Scientific Hypersil Gold (2.0 x 50 mm, 1.9 µm) 

column. Column temperature was kept at ambient 

temperature, flow rate was 0.3 mL/min. Aliquots of 10.0 

µL were injected onto the column. Eluent A consisted 

of 0.1% aq. formic acid, eluent B of 0.1% formic acid in 

ACN. The eluent composition was changed linearly 

from 95% to 65% A in 7 minutes and then ramped to 

5% A in 0.1 minutes.  Eluent composition was kept at 

5% A for 2.9 minutes and then went back to starting 

conditions. 

Instrumentation and MS-Method : A HTS PAL 

autosampler (CTC Analytics) in combination with a 

Thermo Scientific Accela 600 quarternary pump were 

coupled to a Thermo Scientific Q-Exactive benchtop 

Quadrupole-Orbitrap mass spectrometer. Three MS 

data acquisition methods were applied: 1) Full-scan-

MS (non-targeted approach), using a mass resolution 

of 140.000 (@m/z 200), 2) targeted and timed SIM 

using a targeted precursor list in combination with 

retention time limits, using a window of 2 Da for each 

SIM scan and a resolution of 140.000. In order to 

increase the number of scans per peptide the 

multiplexing feature was used. 3) targeted MS/MS, 

acquiring full MS/MS spectra based on a precursor 

inclusion list in combination with retention times limits 

using an isolation window of 1.5 Da and a resolution of 

17.500. 

 

Results 
 

Here we present a high resolution and accurate mass 

LC-MS method for the quantitation of the monoclonal 

antibody Cetuximab, also known as Erbitux, and two 

standard proteins bovine serum albumin (BSA) and 

bovine transferrin, spiked into human plasma.  

The benchtop Quadrupole-Orbitrap mass spectrometer 

used in these experiments offers a variety of 

acquisition options for quantitation [1]. Here we have 

used three different methods:  

 

1) a Full-scan-MS method which is the easiest 

method and does not require any selection of 

precursors or fragment ions before data 

acquisition is performed.  

2) a targeted SIM method comprising of the 

acquisition of narrow slices (≤10 Da) of a Full-MS 

scan. The method works in a targeted approach 

using a precursor ion list, plus in a timed 

approach, monitoring the parent ions each only in 

a distinct retention time window. In addition we 

have made use of the multiplexing option which 

provides a higher duty cycle by simultaneous 

detection of non-overlapping SIM windows in the 

Orbitrap mass analyzer.  

3) a timed and targeted MS/MS method that selects 

precursor ions from an inclusion list only for a 

limited time provided as a retention time window. 

Full-MS/MS spectra are acquired (also called 

parallel reaction monitoring, PRM) allowing for 

selection of one or more fragment ions used for 

quantitation post-acquisition. 

 

 

 



For the development of an absolute quantitation assay, 

even when a Full-scan-MS acquisition method is used not 

requiring the selection of precursor or fragment masses, 

the selection of proteotypic peptides being targeted in the 

quantitation experiment is essential for two reasons: in 

order to spike the  isotope analogs into the sample as 

internal standard for quantitation but also as a reference 

for the retention time. Due to identical behavior during 

chromatography as their endogenous partners heavy 

labeled peptides are important indicators at what RT the 

peptide of interest elutes which is the key to a successful 

quantitation when analyzing very complex mixtures such 

as serum or plasma.  

Here we have selected three peptides per protein and 

included each peptide as stable isotope labeled peptide in 

the assay. Eight calibration levels (CALs) and quality 

control (QC) samples were prepared to cover a 

concentration range of 6.6 to 660 pmol/mL for the 

monoclonal antibody, 13.0 to 1.300 pmol/mL for 

transferrin and 15.0 to 1500 pmol/mL for albumin. Peptide 

sequences, masses and fragment masses used for 

quantitation for all light and heavy peptides are listed in 

Table 1. Figure 1 summarizes the theoretical workflow in 

a decision tree for method development for a quantitation 

experiment using high resolution and accurate mass 

instrumentation. Figure 2  highlights an example for the 

data obtained for the peptides from the three proteins 

using a Full-scan-MS method (left) versus a targeted SIM 

method (middle) versus a targeted MS/MS experiment 

(right).  

 

Data obtained from the Full-scan-MS method show a 

mixed result. For some peptides sensitivity and 

selectivity are sufficient, for some sensitivity is 

sufficient but quantitation is disturbed by interfering 

signals and for some peptides sensitivity is not 

sufficient and interfering signals are present. The 

sensitivity is significantly enhanced using the targeted 

SIM method, however the interfering signals even at 

the highest resolution setting are jeopardizing the 

quantitation. Results obtained using the targeted 

MS/MS method in contrast show sufficient sensitivity 

and no interfering signals due to the selectivity gain 

inherent with the isolation by the quadrupole. The 

benefit of using the targeted MS/MS method over the 

acquisition of SRMs on a triple quad type instrument is 

the possibility to decide post-acquisition which and 

how many fragment ions to use for quantitation. Figure 

3 shows the MS/MS spectra for one of the peptides 

used for each of the three proteins, demonstrating the 

excellent spectral quality and richness in b- and y-ions 

detected. Calibration curves obtained from these three 

examples of peptides are shown in Figure 4, 

highlighting the excellent correlation coefficients. All 

samples were analyzed in triplicate. Intra-run precision 

and accuracy was determined at the LLOQ and above 

as listed in Table 2.  

The scan speed and resulting number of scans per 

peptide and time scheduling of the targeted MS/MS 

experiments are shown in Figure 5 (right). In average 

12-15 Full MS/MS spectra were obtained  for each 

peptide (Figure 5, left). 
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Protein     Peptide Sequence Molecular formular [M+H]2+ Parent ion 

mass [Da] 

Product ion mass [Da] used for quantitation (post-

acquisition) 

Cetuximab YASESISGIPSR C54H89N15O20 633.8199 359.204, 616.341, 816.457, 1032.532 

YASESISGIPS[R(13C6
15N4)] C48H89N11O20

13C6
15N4 638.8240 369.212, 626.350, 826.466, 1042.540 

ASQSIGTNIHWYQQR C78H119N25O24 894.9424 594.299, 780.379, 917.438, 1302.634 

ASQSIGTNIHWYQQ[R(13C6
15N4)] C72H119N21O24

13C6
15N4 899.9466 604.308, 790.387, 927.456, 1312.642 

DILLTQSPVILSVSPGER C85H148N22O28 962.5411 342.202, 1153.658, 1240.690, 1469.796 

DILLTQSPVILSVSPGE[R(13C6
15N4)] C79H148N18O28

13C6
15N4 967.5453 342.202, 1163.666, 1250.698, 1479.804 

Bovine Transferrin EPYFGYSGAFK C62H82N12O17 633.2955 509.272, 729.357, 876.425, 1039.488 

EPYFGYSGAF[K(13C6
15N2)] C56H82N10O17

13C6
15N2 637.3026 517.286, 737.371, 884.439, 1047.503 

ETTVFENLPEK C58H93N13O21 653.8299 373.208, 600.335, 729.378, 876.446 

ETTVFENLPE[K(13C6
15N2)] C52H93N11O21

13C6
15N2 657.8370 381.222, 608.349, 737.392, 884.460 

GSNFQLDQLQGR C57H93N19O20 681.8417 601.342, 716.369, 829.453, 957.511 

GSNFQLDQLQG[R(13C6
15N4)] C51H93N15O20

13C6
15N4 686.8458 611.350, 726.377, 839.461, 1114.588 

Bovine Serum Albumin HLVDEPQNLIK C58H98N16O18 653.3617 251.150, 712.435, 1055.573, 1168.657 

HLVDEPQNLI[K(13C6
15N2)] C52H98N14O18

13C6
15N2 657.3688 251.150, 720.449, 1063.587, 1176.671 

LVNELTEFAK C53H88N12O17 582.3190 595.309, 708.393, 837.435, 951.478 

LVNELTEFA[K(13C6
15N2)] C47H88N10O17

13C6
15N2 586.3261 603.323, 716.407, 845.450, 959.792 

TVMENFVAFVDK C64H100N14O19S 700.3499 579.314, 678.382, 939.493, 1199.577 

TVMENFVAFVD[K(13C6
15N2)] C58H100N12O19S

13C6
15N2 704.3570 587.328, 686.396, 947.507, 1207.591 

MS-Parameter: ESI positive, spray voltage 4.0 kV, capillary temperature 300 C 

Full-Scan-MS-Experiment: AGC 3e6, Max IT 100 msec, resolution 140.000, scan-range m/z 500 - 1000 

Targeted SIM-Experiment: AGC 1e5, Max IT 120 msec, resolution 140.000, isolation window 2.0, scan-range m/z 400 - 1000 

Targeted MS/MS-Experiment: AGC 1e5, Max IT 100 msec, resolution 17.500, isolation window 1.5 , norm. collision energy 27% 
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Analyte at LLOQ > LLOQ 

Cetuximab PrecIntra 6.8% 5.2 - 8.5% 

AccIntra 83.1% 93.6 - 112.8% 

Bovine Transferrin PrecIntra 7.5% 3.0 - 12.6% 

AccIntra 117.3% 88.2 - 106.3% 

Bovine Serum Albumin PrecIntra 3.4% 3.8 - 8.5% 

AccIntra 110.7% 98.3 - 111.0% 
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Conclusions 
 

• A sensitive, robust and rapid HR/AM LC-MS/MS method for the simultaneous quantitation of a monoclonal 

antibody (Cetuximab) and two proteins (bovine transferrin and bovine serum albumin) in human plasma has been 

established. 

• Targeted MS/MS provided best selectivity combined with sensitivity over Full-scan-MS and targeted SIM 

methods and provides qualitative (confirmation of correct peptide sequence) and quantitative information at the 

same time. 

• Calibration curves with excellent correlation coefficients were obtained with very good intra-assay accuracy and 

precision. 
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