
Conclusion 
We presented a workflow to compare protein preparations in recombinants and 
antibody enrichments to help identify potential losses in purity, differences in 
sequence and/or PTMs. In addition, we showed simultaneous quantification and 
verification of the peptide in simple matrices using high resolution accurate mass 
data, isotopic envelope and elution time.  

While all recombinants and antibodies performed as commercially described, we 
identified subtle differences in their sequence and their structure. Similarly, the 
antibodies bind to different epitopes and as a result have varying specificity. Based 
on our analysis, we were able to pick the highest performing recombinant (V1) and 
antibodies (A3, A5) 
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Overview 
Purpose: To understand the differences in purity, sequence, length, structure and 
post-translational modifications (PTMs) of various recombinant forms of insulin-like 
growth factor 1 (IGF1) and the differences in specificity of antibodies against IGF1. 

Methods: Recombinant IGF1 samples from 6 vendors were analyzed. In addition,  
6 different antibodies were used to enrich for the recombinant protein spiked in 
human serum in the endogenous forms. In total, this created 12 different samples 
containing the protein.  These were analyzed by liquid chromatography and high-
resolution mass spectrometry. 

Results: While all recombinants and antibodies performed as commercially 
described, we identified subtle differences in their sequences and structures. 
Similarly, the various antibodies have different epitopes that they bind to and as a 
result have varying specificity. 

Introduction 
Due to the complexity of the human proteome, key to effective analysis and assay 
development are high-quality recombinant proteins and high-quality antibodies that 
can be used to enrich the protein of interest from complex mixtures. Unfortunately, 
steps in manufacturing processes such as cloning, formulation and packaging can 
result in mutations, clippages, and modification of residues . These changes can 
result in significant differences in purity, protein sequence, length, PTMs (oxidation 
and phosphorylation), disulfide bonding or mutated residues in the recombinants 
and antibodies.  These can significantly affect the efficacy, degradation kinetics and 
half-life. Thus, it is critical to monitor and measure these changes across different 
preparations to ensure quality. Moreover, doing so in advance can help identify the 
best recombinants and antibodies, determine worst case scenarios and assist in 
optimal package design and process conditions. 

IGF-1 is the dominant effector of growth hormone.  Thus, it is extremely relevant to 
most proteomics and biomarker studies. It is synthesized as two precursor 
isoforms with N- and alternate C-terminal properties. In the naturally occurring 
form, it is reported to have three disulfide bonds and no PTMs. 

Our experiments were designed to identify qualitative and quantitative differences 
between different preparations of the same protein (which should theoretically be 
identical). Qualitative differences helped us identify PTMs, cleavage sites and 
differences in disulfide bonds. Quantitative differences helped us identify 
differences in purity of the sample. To date,  high-mass-accuracy mass 
spectrometry data have been used mainly for discovery of new biomarkers. Here, 
we present a workflow where we use high-resolution parent m/z to identify and 
quantify native and modified peptides. In simple matrices, mass accuracy of 2 ppm 
(or better) along with isotopic-ratio integrity was usually enough to identify the 
peptide.  

Methods  
Samples 

We analyzed recombinant IGF1 available from 6 vendors. Also, using 6 different 
available antibodies, we enriched for the recombinant protein spiked in human 
serum in the endogenous forms. In total, this gave us 12 different samples 
containing the protein, which should all correspond to the same parent sequence. 

Sample Preparation 

1 µg  (in 50 µL volume) of each recombinant was first analyzed undigested. Next, 
extraction of endogenous IGF1 from 300 µL pooled plasma sample  (spiked with 
33 ng recombinant) was carried out with five proprietary Thermo Scientific MSIA 
(mass spectrometry immunoassay) pipette tips derivatized with each of the five 
IGF1 antibodies via 1,1'-carbonyldiimidazole chemistry1. Synthetic heavy-labeled 
peptides were obtained from Thermo Fisher Scientific. All samples were lyophilized 
to dryness and then resuspended in 30 µL of 30% n-propanol / 100 mmol/L 
ammonium bicarbonate, pH 8.0, diluted with 100 µL of 25 mmol/L acetic acid 
containing 100 ng of trypsin. Samples were allowed to digest for 4 h at 37 C. After 
digestion, samples were lyophilized and resuspended in 50 µL of 3% (vol/vol) 
acetonitrile/0.2% (vol/vol) formic acid/glucagon/IGF1 heavy peptides. Each 
injection contained 835 fmol of the heavy peptide on column. 

Liquid Chromatography 

Samples in 1% (v/v) acetonitrile, 0.1% (v/v) formic acid were injected onto a 75 μm 
x 25 cm Thermo Scientific BioBasic column, in a 120 μL/min gradient of 1% (v/v) 
acetonitrile, 0.2% (v/v) with a total run length of 90 minutes.  

Mass Spectrometry 

High-resolution LC-MS/MS analysis was carried out on a Thermo Scientific 
Exactive mass spectrometer .  Initially, 1 µg of each undigested recombinant 
sample was analyzed, followed by 1 µg of each trypsin-digested recombinant and 
finally IGF1 extracted from 30 µL plasma using 5 µg of antibody on each MSIA tip. 
The instrument was set to scan full scans from m/z 350 – 1500, at 50,000 
resolution. 

Data Analysis 

All data analysis was performed using Thermo Scientific Pinpoint software. Peptide 
identification was done by comparing the theoretical isotopic distribution to the 
observed isotopic distribution, taking the data with <2 ppm accuracy and a 
correlation of >0.982. In addition to using the highly accurate mass measurements, 
we also used elution time, multiple charge-state envelopes and isotopic distribution 
to confirm the identity of the peptide, making the measurements highly specific. 

By using the peptide mapping approach on the various charge-state isotopic 
envelopes, we are able to provide a full sequence of the various isoforms of the 
protein. Listed in Table 1 are the identified candidates (only candidates with signal 
greater than 1% of the base peak are reported) 
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FIGURE 1. An example of isotopic 
integrity used to confirm the 
presence of peptide 
GFYFNKPTGY. The last bar is the 
theoretical distribution, and the 
first ten bars are the isotopic 
ratios observed in the 6 
recombinant samples (in 
duplicate)  

FIGURE 3. Differences in oxidation (A) and digestion (B) as observed in the 
difference recombinants and when recombinant V6 is spiked in human serum 
and enriched using antibodies 3 – 6.         

Identifying Qualitative and Quantitative Differences in Recombinants and Antibody Enrichments for IGF1 as 
Provided by Different Vendors and Different Preparations Using High-Resolution Mass Spectrometry 
A. Prakash1, B. Krastins1, S. Peterman1, D. Sarracino1, A. Garces1, M. Athanas2, J. Sutton1, P. Oran3, R.Nelson3, M. Lopez1 

1 ThermoFisher Scientific, Cambridge, MA, USA ,2VAST Scientific, Cambridge, MA, USA , 3Arizona State Univ, Tempe, AZ 

Analysis of digested recombinant samples 

Using the peptide mapping approach, we searched for all tryptic (with two missed 
cleavage sites) and partially tryptic peptides in the 6 recombinant samples. This 
helped to validate the full sequence of the protein for each recombinant. Figure 1 
shows an example of the isotopic integrity that is used to validate the 
presence/absence of a peptide. For all recombinants, we were able to confirm 
97% sequence coverage (residues 1-68) along with the oxidation and 
carboxymethyl annotations. 

Vendor Reported 
Sequence 

Reported PTM Relative 
Intensity 

Observed charge 
states 

V1 1-70 
 
1-70 

C-C (3) 
 
C-C(3), Oxid 

100% 
 
9% 

+6,+7,+8,+9 
 
+6,+7,+8,+9 

V2 1-70 
 
1-70 

C-C (3) 
 
C-C(3), Oxid 

100% 
 
7% 

+6,+7,+8,+9 
 
+6,+7,+8,+9 

V3 1-70 
 
1-70 
 
3-70 
 
3-70 

C-C (3) 
 
C-C(3), Oxid 
 
C-C(3) 
 
C-C(3), Oxid 

100% 
 
85% 
 
3% 
 
3% 

+6,+7,+8,+9 
 
+6,+7,+8,+9 
 
+6,+7,+8 
 
+6,+7,+8 

V4 0-70* 
 
0-70* 
 
1-70 
 
2-70 
 
0-70 

C-C (3) 
 
C-C(3), Oxid 
 
C-C (3) 
 
C-C(3), Oxid 
 
C-C(3), Oxid(2) 

100% 
 
14% 
 
7% 
 
2% 
 
2% 

+6,+7,+8,+9 
 
+7,+8,+9 
 
+6,+7,+8,+9 
 
+6,+7,+8,+9 
 
+7,+8 

V5 0-70* 
 
0-70* 
 
1-70 
 
2-70 
 
0-70 

C-C (3) 
 
C-C(3), Oxid 
 
C-C (3) 
 
C-C(3) 
 
C-C(3), Oxid(2) 

100% 
 
16% 
 
9% 
 
4% 
 
2% 

+6,+7,+8,+9 
 
+7,+8,+9 
 
+6,+7,+8,+9 
 
+6,+7,+8,+9 
 
+7,+8 

V6 1-70 
 
1-70 
 
1-32 
 
3-70 

C-C (3) 
 
C-C(3), Oxid 
 
C-C 
 
C-C(3) 

100% 
 
85% 
 
5% 
 
3% 

+6,+7,+8,+9 
 
+6,+7,+8,+9 
 
+4,+5 
 
+6,+7,+8 

*: An extra methionine is identified at the N-terminal 

In addition, the signal of each peptide was normalized against the heavy-labeled 
IGF1 peptide to correct for injection variances, and then normalized against the total 
protein content (by adding signal from all peptides). This resulted in a quantitative 
comparison of all peptides across the different recombinant samples. Figure 2 shows 
the differences in the amounts of partially tryptic peptides quantified in each of the 6 
recombinants. The variation is a result of the various clipped forms of the protein 
found in each of the recombinants (Table 1). 
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FIGURE 2. Differences in the amounts of partially tryptic peptides quantified in 
the various recombinants.  
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Peptides 

V1 V2 

V3 V4 

V5 V6 

Oxidized 
Unoxidized 
 
(A) oxidation at 
…RLEMYCAPLKPAK…  
 
 

APQT… 
 RAPQT… 
 
(B) Digestion at 
..SRRAPQTGIVDECCFRS…  
 

Table 2 compares antibody performance.  A3 demonstrated the best selectivity while 
A5 provided the greatest enrichment. To further ascertain differences in structure of 
the recombinants, and recombinants spiked in matrix, we looked at the digestion 
efficiencies and oxidation tendencies of the protein. 

Figure 3 shows the differences in percentage of oxidation and digestion observed for 
various recombinant and antibody enriched samples (recombinant V6+plasma). The 
differences in digestion could be attributed to the higher amount of trypsin present in 
the enriched sample resulting in higher trypsin-to-sample ratio. The differences in 
oxidation could be the result of differences in structure of the protein, and presence 
of other contaminants in the sample. 

Antibody Total area of all 
peptides from IGF1 

Total area of 
peaks under TIC 
 

%Selectivity %Enrichment 
(comparing peptide 
signals in V6 and 
V6+A*) 

A1 5.7E5 2.9E9 0.02% 0.28% 

A2 8.5E5 3.4E9 0.025% 0.33% 

A3 2.7E7 3.8E9 0.7% 40.8% 

A4 2.4E7 4.9E9 0.5% 40.7% 

A5 2.7E7 4.2E9 0.64% 47.5% 

A6 2.9E7 4.5E9 0.64% 45.7% 

Analysis of MSIA-antibody enriched samples 

Table 2 shows the % selectivity for the various antibodies. Recombinant #6 was 
added to human serum and then MSIA tips enriched with each of the 6 antibodies 
were used to extract IGF1. Comparing the total area under the peaks for the IGF1 
peptides to the area of all peaks under TIC, we calculated % selectivity. Comparing 
the total area under the peaks for the IGF1 peptides for the antibody-enriched 
samples and the unenriched sample, we established the % enrichment. 

Results 
IGF1 is a 70 amino acid long protein. 

Intact analysis of recombinant 

All 6 recombinants were analyzed undigested on an ExactiveTM mass spectrometer. 
PinpointTM software was used in searching for terminal cleavages, PTMs and 
disulphide linkages. 

 
 

 

Table 1. Various isoforms of IGF1 protein identified in the 6 vendor 
recombinant proteins using intact mass fingerprinting.  

Table 2. % Enrichment and % selectivity calculated for the 6 IGF1 antibodies. 
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