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Abstract 

The antibody immunoglobulin G (IgG) can be tryptically digested into smaller peptides. This study 
attempted to develop a separation method for those peptides using RP-HPLC with a C18 column at 
room temperature. Optimizing separation of trypsin cleaved cytochrome C was used as a guideline 
before analyzing IgG. The optimized analysis of Cytochrome C was performed at wavelength 280nm 
(UV) and methanol was used as an organic solvent in mobile phase (B). A fast gradient to 100% mobile 
phase B with low flow rate gave favorable results for cytochrome C. A slow gradient to 100% mobile 
phase B was suited for IgG separation. The optimized gradient elution of cytochrome C and IgG was 
performed at 0.3 and 0.8 ml/min, respectively.    

Sammanfattning 

Antikroppen Immunoglobulin G (IgG) kan klyvas till peptider med enzymet trypsin. Under denna 
studie ska utvecklades en separationsmetod för dessa peptider med RP-HPLC. Separationen utfördes 
med en C18 kolonn i rumstemperatur. Först optimerades en separation av trypsin-klyvt cytokrom C 
vars optimerade parametrar sedan användes som grund för IgG-separation. Optimeringen utfördes vid 
våglängden 280 nm(UV) och metanol användes som organiskt lösningsmedel i mobil fas (B). En snabb 
gradient upp till 100% B med låg flödeshastighet gav mest gynnsamt resultat för cytokrom C. 
Separationen av IgG gynnades av ett högt flöde och en långsam gradient till 100% B. Den optimerade 
gradientelueringen för cytokrom C och IgG gjordes vid flödet 0.3 respektive 0.8 ml/min.  
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1 Introduction 

The antibody immunoglobulin G (IgG) is the most common in the human serum and it’s function is the 
protection from and prevention of various infections. IgG’s N-linked glycans in the Fc region play a key 
role in the antibodies’ function. The study of the glycan pattern of IgG provides knowledge about 
inflammatory diseases and enables the development of possible therapeutic IgG treatments [1]. Despite 
the fact that high performance liquid chromatography (HPLC) is a rather common technique for the 
analysis of glycopeptides (e.g glycans), it does not have a golden standard [2]. 

1.1 Immunoglobulin G 

Antibodies, also called immunoglobulins (Ig), are plasma proteins produced in B-cells [3]. Based on its 
function the Ig are classified into various isotypes IgA, IgD, IgE, IgG and IgM. IgG is the main part in 
human serum. The distribution of subclasses of IgG in human serum in ascending order is IgG1, IgG2, 
IgG3 and IgG4 [4]. The main function of IgG is the detection and neutralization of pathogens, which 
sometimes happens in cooperation with other molecules. When body detecting a foreign molecule 
antigens bind to an antigen-binding site and attached to a pathogen [3].  

IgG consists of two types of peptide chains, a heavy chain and a light chain, and the molecule contains 
two of each [3], see figure 1. The light chain bonds to a heavy chain and the heavy chains that bond to 
each other have disulfide bonds. Based on their construction the antibodies are Y-shaped and include a 
junction called the hinge region [3]. A structural difference between the subclasses is that IgG1, IgG2, 
IgG3 and IgG4 have 2, 4, 11 and 4 disulfide bridges respectively in the hinge region because the various 
number of amino residues. [5]   Figure 1 shows the basic structure of the IgG molecule. 

IgG contains two heavy chains of type γ, each with a mass of 50 kDa, which can be compared to a light 
chain with a mass of 25 kDa. The two varieties of the light chains are 𝜅 and 𝛌 whose proportions vary 
among species. In the human body the ratio of 𝜅 and 𝛌 is 2:1. The antigen binding parts on the antibody 
are called the variable region, V region. The function in immune response depends on the antibody’s 
constant region (C region) [3].  

If each arm of the Y-shaped IgG is cleaved off, the two identical parts containing an antigen binding site 
are called Fragment antigen binding, Fab. The third fragment is named Fragment crystallizable, Fc, 
because of its crystallizable characteristics. If the IgG is cleaved under the hinge region the fragment 
with the connected arms and antigen binding sites is called F(ab’)2 [6]. 

 

 

Figure 1. Structure of Immunoglobulin G 
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1.2 Glycans 

Polysaccharides linked with glycosidic bonds are called glycans. In Ig the glycans are attached to the 
Fc-region and can be N-linked or O-linked. An N-linked glycan is amide bonded with asparagine 
residues, whilst an O-linked glycan is attached with an O-glycosidic bond to serine or threonine. One of 
the differences between IgG subclasses can be found in their glycosylation patterns. The glycans are 
attached at specific sites of IgG [7].  

Monoclonal antibodies (mAbs) contain merely N-glycans with two antes (biantennary). mAbs glycans 
have a core structure consisting of two N-acetylglucoseamines followed by one mannose, which is 
connected to two mannoses [8]. The components of glycans can be mannose, fructose and galactose. 
The N-glycans core and examples of the three types of N-glycans are shown in Figure 2. There are three 
types of N-glycans depending of the shape of the glycan [8]: 

1. High mannose- exist only after the main chain 

2.  Complex-  both chains after the main structure, have different components  

3. Hybrid- one chain only contains mannoses with the other side having different components 

 

 

Figure 2. Three types of N-glycans attached to asparagine (ASN): a) High mannose; b) Hybrid; and c) Complex. 

 

In human IgG one biantennary glycan is attached to each constant chain at asparagine 180, 176, 297 or 
177 depending on the subclass of the IgG [2]. Glycans have zero, one or two galactosyl residues. The IgG 
can be therefore called IgG-G0, IgG-G1 or IgG-G2 depending on the quantity of the galactosyl residues 
that are attached. Changes in the galactosylation can result in disease [1].  

1.3 Trypsin 

Trypsin is a proteolytic enzyme that catalyzes the hydrolysis of proteins into peptides and is thereby 
able to cleave IgG into smaller fragments. Trypsin cleaves peptides attached to the amino acid lysine 
(Lys) or arginine (Arg), except if they are followed by proline (Pro). Peptides treated by trypsin can be 
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analyzed by HPLC. [9] If the subclasses of IgG are analyzed, the difference between IgG2 and IgG3 
glycans are not clear due to their peptide sequences being identical. A typical trypsin digestion of IgG is 

performed at 37 C and overnight in ammonium bicarbonate or Tris-HCl (10-100 mM, pH 8) using a 
1:20 (protease: protein) ratio. [10]  

1.4 Reversed phase high performance liquid chromatography 

The main idea of the HPLC is carrying the analyte with a mobile phase and the interaction of analytes 
with the the stationary phase in a column.  Different molecules have different binding properties on the 
stationary phase, which can cause separation. The mobile phase then desorbs the analyte and leads it to 
a detector. The flow rate and the temperature are key factors for the resolution of small peaks [11]. 

For the separation of peptides and protein fragments, the RP-HPLC with gradient elution is often used 
[12]. Gradient elution signifies that the mobile phase composition changes during the running time. 
Proteins are absorbed by the stationary phase when the mobile phase is polar and are desorbed during 
less polar conditions. Because of the different polarity of proteins, they elute at different conditions of 
the mobile phase. To regulate the mobile phase polarity, organic solvents are used, e.g. acetonitrile 
(ACN) or methanol. In order to get a good peak shape in the chromatogram, acids such as 
trifluoroacetic acid in low concentrations (0.005-0.01 %) should be used in the mobile phase. Formic 
acid can be used as well, but the peak shape is better with trifluoroacetic acid [13]. This project used 
formic acid and methanol due to economics and environmental reasons.   

1.5 Present study 

The development of separation of IgG was performed by High performance liquid chromatography, 
HPLC. The aim of this study was to develop a separation method for tryptically digested IgG using 
HPLC-UV. This provided a guideline for the separation of tryptic IgG and encourage further 
development to achieve a standard method. 

The main parameters that represent a limitation in this study including the flow rate, the gradient and 
the organic solvent were optimized. The separations were only to be tested at room temperature with a 
C18 column, detected by UV-light (280 nm). Linear and gradients elutions were used in combination 
with the protein sample bovine IgG.  

1.6 Previous studies 

The studied literature has not identified any standard method separation of tryptic IgG using HPLC.  
One relevant study using UPLC however, utilized 0. 01 % FA in water as mobile phase A, 0. 01% FA in 
acetonitrile (ACN) as mobile phase B, together with a HILIC column. The gradient went from 0-50% A 
in 90 minutes. The main conclusion of this study was that small trypsin treated glycopeptides are 
difficult to detect at a wavelength of 280nm (UV). The backgrounds were obscure at wavelength 214 
nm when ammonium format buffer was used. [14].  

Another study used a wavelength of 235 nm with successful results even though size-exclusion HPLC 
(SE-HPLC) and highly concentrated samples (>100 mg/mL) have been utilized. The organic solvent 
was ACN, injection volume was zero, 5-10 μL and flow rate 0.5 ml/min [15].  

Hydrophilic interaction chromatography (HILIC) columns have been regularly applied for this type of 
analysis whilst HPLC has been followed by a mass spectrometer in order to determine the masses of the 
peptides and to identify the peptide peaks in chromatograms.  The studies performed at 35-80 °C using 
flow rate around 0.8-1 ml/min generated more successful results [2].  This study used a C18 column 
because it is a common used column for RP-HPLC analysis. 
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2 Experimental 

Before analyzing IgG samples, trypsin digested cytochrome C was used for the optimization of the 
experimental parameters including wavelength, organic solvent, flow rate and the mobile phase 
gradient. The optimization has been performed by changing a parameter depending on the results. The 
initial experiment is described in section 2.3. 

2.1 Materials and chemicals 

Ammonium bicarbonate (NH4HCO3), bovine IgG, cytochrome C, formic acid (FA), methanol (MeOH), 
trifluoroacetic acid (TFA) and trypsin have been collected from Sigma-Aldrich,  MilliQ water (MQ-
water) from a Millipore Corporation System and protein LoBind Eppendorf were from Thermo Fisher. 

2.2 Sample preparation    

Stock solutions of cytochrome C (5 mg/mL), bovine IgG (3mg/ml) and trypsin (1 mg/ml) were 
prepared by weighing the adequate amount and dissolving in MQ-water.  

For preparation of digested cytochrome C, 12 μL cytochrome C (5 mg/mL) and 3 μL trypsin (1 mg/mL) 
were pipetted into an Eppendorf-vial. 1. 5 μL ammonium buffer solution (400 mM) was added to 
stabilize the pH. The sample was diluted with 43. 5 μL MQ-water.  

The total sample volume was 60 μL with a protein concentration of 1 mg/ml and had a trypsin ratio of 
30:1 (protein: enzyme). The vial was vortexed for one minute to mix the sample. Later it was incubated 
for 24 hours at room temperature. To terminate the digestion, 0.5 μL TFA was added and the vial 
whirled a few seconds. The samples was stored in a freezer (-20 °C) for further using. 

In order to obtain tryptic bovine IgG, 20 μL of IgG (3 mg/mL) and 3 μL trypsin (1 mg/mL) were 
transferred to an Eppendorf. 1. 5 μL ammonium buffer solution (400 mM) was added to stabilize the 
pH. The sample was diluted with 35. 5 μL MQ-water. The total sample volume was 60 μL with a protein 
concentration of 1 mg/ml and a trypsin ratio of 30:1 (protein: enzyme). The vial was vortexed for 60 
seconds to mix the sample, and was later incubated for 24 hours at room temperature. For stopping the 
digestion 0.5 μL TFA was added and the vial vortexed a few seconds. The samples were stored in a 
fridge (-20 °C) for the next step. 

2.3 HPLC system 

A HPLC system, Perkin elmer, with a UV detector and a C18-column (150 mm, Phenomenex, Torrance 
California, USA), equipped with a C18 security guard cartridge was used with linear and gradient 
elutions. After each experiment, or when background inference started, the column was washed with 
100 % B for 5-10 min (flow rate at 1 mL/min) then re-equilibrated with the gradient’s initial condition 
for 10-15 min. The detection wavelength was 280 nm.  

2.3.1 Initial experiments with tryptically cleaved cytochrome C  

For all experiments with cytochrome C the injection volume was 20 μL. In the first experiment, mobile 
phase A was water with 10 mM FA and mobile phase B was ACN with 10 mM FA. The gradient is 
showed in figure 3 and it started from 10-40% B in 15 min. From 40-99 % B in 15 min, kept at 99 % B 
for 5 min decreased to 10% B and held it for 15 min. The flow rate was 0.5 mL/min;  
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           Figure 3. The gradient when AcN was used as organic solvent.  

2.3.2 Initial experiments with tryptically cleaved IgG 

The optimized gradient and flow rate for cytochrome C was used for initial experiments with trypsin 

digested IgG. For separation of IgG the loop size was 5 μL. 

 

3 Results and discussion 

The results from analysis of cytochrome C repeatedly showed ten large peaks, which are numbered in 
the order they were eluted, the first large peak will be peak 1, second peak 2, third peak 3 etc. 

 

Figure 4. Trypsin cleaved cytochrome C with water+10 mM FA and AcN+10mM FA as mobile phases. The wavelength at 

280 nm and the flow rate 0.5 ml/min. 

Figure 4 shows the chromatogram when ACN was used as organic solvent in the mobile phase, which 
indicates clear and separated peaks but because of the shifting base line by increasing organic phase it 
was difficult to distinguish the peaks.  

To overcome this problem, methanol with 10 mM FA was used as mobile phase B. The peaks in figure 5 
with a slow gradient to 50 % mobile phase B did not give well shaped, and peak 4 and 5 have not been 
separated well. Therefore, a slower gradient to 40 % B were used (figure 6). Peaks 1, 2 and 5 were well 
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separated having a high intensity, but peaks 3 and 4 were not seen. One possibility is that peak 5 
contains all three peaks. When a fast gradient to 50 % B was used (figure 7), peaks 2-7 were eluted but 
the peak shape and separation were still not favorable.    

 

Figure 5. Tryptically cleaved cytochrome C with water with 10 mM HCl and MeOH as mobile phases. The wavelength was 

280 nm and the flow rate was 0.5 ml/min.  

 

Figure 6. Tryptically cleaved cytochrome C with water with 10 mM HCl and MeOH as mobile phases. The wavelength was 

and the flow rate was 0.5 ml/min. 

 

Figure 7. Tryptically cleaved cytochrome C with water with 10 mM HCl and MeOH as mobile phases. The wavelength was 

280 nm and the flow rate was 0.5 ml/min. 
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To optimize the flow rate, first, 0.3 ml/min was tested, and figure 8 shows six peaks with good 
resolution that are well eluted, but peak 3 have low intensity. The chromatogram for flow rate 0. 8 in 
figure 9 indicates four well separated peaks all with high intensity. The result in figure 10 shows a rising 
base line and five peaks, where 3 have low intensity and peak 4 and 5 have poor resolution compared to 
flow rate 0. 3 ml/min (figure 8). Probably peak 5 in figure 9 contains both peak 4 and 5, while peak 3 
disappeared with a higher flow rate.  

 

Figure 8. Tryptically cleaved cytochrome C with water with 10 mM HCl and MeOH as mobile phases. The wavelength was 

280 nm and the flow rate was 0.3 ml/min. 

 

Figure 9. Trypsin cleaved cytochrome C with water with 10 mM HCl and MeOH as mobile phases. The wavelength was 280 

nm and the flow rate was 0.8 ml/min. 
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Figure 10. Tryptically cleaved Cytochrome C with water with 10 mM HCl and MeOH as mobile phases. The wavelength was 

280 nm and the flow rate was 0.5 ml/min.  

With flow rate 0.3 ml/min all six peaks were shown and the small peaks are visible at the baseline due 
to better resolution, see figure 11. The gradient for cytochrome C was optimized at flow rate 0.3 
ml/min. 

 

Figure 11.  Zoomed in chromatogram (fig 8) for tryptically cleaved cytochrome C with water with 10 mM HCl and MeOH as 

mobile phases. The wavelength was 280 nm and the flow rate was 0.3 ml/min.  

 

To elute as many peaks as possible before the background inference appears a gradient ended at 100 % 
B was used and the results in figure 12 were satisfactory, but in order to improve the selectivity, 
different gradient of organic phases were used. The results for the other two gradients only included 
peak 1-5. The retention time of peak 1-5 depends on gradient 1-2o % mobile phase B, but the selectivity 
of the peaks was better relative to a slower gradient between 20-50% mobile phase B. These 
conclusions were made based on results in appendix 1.  
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Figure 12. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The 

wavelength was 280 nm and the flow rate is 0.3 ml/min. 

 
A gradient from 20% B to 100% B, is shown figure 13, eluted ten clear peaks. A faster and a slower 
gradient were tested, see appendix 2. For the fastest gradient (fig 27), the background inference 
appeared after four peaks. This gradient was not repeated so the precision of the result is unclear. 

 

Figure 13. Trypsin cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The 

wavelength was 280 nm and the flow rate was 0.3 ml/min. 

Gradients up to 75 % B was tried to elute all peaks. Figure 14 shows a fast gradient from 5-50 % mobile 
phase B, which eluted all ten peaks and the chromatogram was similar to fig 13 except earlier elution 
time. Figure 15 have 9 peaks and the large separation between peak 5 and 6 was inexplicable. The slow 
gradient with figure 16 separated peaks in good shape, but only peaks 1-5 were observed.   
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Figure 14. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The 

wavelength was 280 nm and the flow rate was 0.3 ml/min. 

 

 

Figure 15. Trypsin cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The 

wavelength was 280 nm and the flow rate is 0.3 ml/min.  

 

Figure 16. Trypsin cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The 

wavelength was 280 nm and the flow rate is 0.3 ml/min.  
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For cytochrome C the early eluted peaks needed a low organic concentration in the mobile phase. A 
slow increase in the organic phase with a gradient from 1-20 % B over 15 min, then 20-50 % B over 15 
min was applied in order to have good results. A slower gradient between 20-40 % B did not separate 
peaks 1, 3 and 4. A faster gradient up to 50 % eluted the five peaks, but in poor separation.  Peaks 6-10 
gave the best results when the gradient was ended at 100 % B (1-20 % B over 10 min, 20-100 % B in 10 
min and kept at 100 % B for 10 min). It is difficult to mix these gradients to get all early eluted peaks 
and peak 1-10 at the same run before background interferences start. These results give an overview of 
how changes of gradient (with flow rate 0.3 ml/min) affect the elution of tryptic cytochrome C. 

 

 

Figure 17. Tryptically digested IgG. Water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The wavelength 

was 280 nm and the flow rate was 0.3 ml/min. 

 

 

Figure 18. Tryptically digested IgG. Water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The wavelength 

was 280 nm and the flow rate was 0.3 ml/min. 
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Figure 19. Trypsin digested IgG. Water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The wavelength was 

280 nm and the flow rate was 0.5 ml/min. 

For trypsin digested IgG a fast gradient, as in figure 17, was used and the results was not good. With a 
slower gradient, 13 clear peaks were separated as shown in figure 18. using the same gradient with a 
faster flow rate resulted low four clear peaks but with shifted baseline (figure 19). The retention time 
for the first peaks were shorter when the mobile phase reached 50% B in figure 19. When a slow 
gradient between 50-100% mobile phase B was applied the results were not favorable, see appendix 3.  

 

 

Figure 20. Tryptically digested IgG. Flow rate was 0.8 ml/min. a) chromatogram from gradient 9 in the figure, b) 

chromatogram from gradient 8 in the figure. 

For trypsin digested IgG a slow gradient with flow rate 0.3 ml/min was not successful. For increasing 
the efficiency and better selectivity, a higher flow rate with a slower gradient was used. Figure 20 
showed clear peaks, though some peaks were not well shaped. The resolution at flow rate 0.3 ml/min 
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was better than 0.5 ml/min. The optimized gradient for cytochrome C- did not work well for IgG. One 
possibility is that the IgG peaks are too small and hence that do not appear as clearly as cytochrome C.   

A slower gradient with higher flow rate yielded acceptable peak shapes. For analyzing tryptically 
cleaved IgG a slow gradient from 30-100% organic phase and a flow rate of 0.8 ml/min yielded most 
favorable results. Cytochrome C was not optimal as a template for IgG separation using HPLC, though 
both were digested in the same way. Their structures are too different and the peptides composition are 
not the same. This illustrates that method development and optimization must be performed for each 
protein separately.  

Figure 21 compares two different loop sizes, one of 20 μL and 10 μL. The peaks are smaller with a 
smaller loop size and peaks 1, 9 and 10 are not visible at the base line. For the IgG run that had even a 
smaller loop size, peaks could be missing.   

 

Figure 21. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The 

wavelength was 280 nm and the flow rate was 0.3 ml/min Same gradient and flow rate was used but different injector loop 

size: a) 20 μL b) 10 μL. 

The reproducibility of the experiment with cytochrome C with gradient 3 and 4b was good, the peaks 
shows up almost at the same time and in the same pattern. The background inference are different, for 
instance in figure 21, the small peaks are eluted. Figure 22 shows that the repeatability was 
independent of loop size. Also, figure 20 indicated good reproducibility for IgG analysis. According to 
earlier studies, higher temperature can give better results [16]. Therefore, the separations have a 
marginal difference from day to day. Type of the acid used in mobile phase did not have any significant 
effect on the separation.  

That background inference did not have any pattern when it appeared, but could be reduced by raising 
the flow rate to 1 ml/min, but this high flow rate had a negative effect on the resolution. Peaks could 
possibly disappear because of the background.  
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Figure 22. Zoomed in chromatograms. Both experiment used same gradient as in figure 8 and flow rate 0.3 ml/min, but 

samples from different digestion batch. 

 

4 IgG with mass spectrometer 

An IgG sample was analysed with ESI mass spectrometry (MS) and connected to a HPLC. The results in 
figure 23 shows many peaks but because of using the different organic solvent (ACN) those peaks 
cannot be compared to the previously shown chromatograms.   
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Figure 23. Results from mass spectrometer using 0.2 mg/mL trypsin digested bovine IgG. Injections size 20 μL. Capillary 

3.30 kV, cone 45 V, extractor 3V, RF lens 0.2 V, Source temperature 100, desolvation temperature 300. Mass (m/z) 400-2000. 

AcN was used as organic solvent and gradient 5-40 %B in 10 min, 40-100% B in 25 min, the hold for 10 min.  

5 Conclusions and future outlook 

In this project, IgG was tryptically digested and the chromatographic separation using absorbance 
detection at wavelength 280 was optimized. Using tryptic cytochrome C for guideline to IgG separation 
was not successful. Methanol used as organic solvent in mobile phase, fast gradient and low flow rate 
gave the most favorable results for cytochrome C, while a slow gradient and high flow rate was suited 
for IgG sample. This have similarities to earlier studies using different kinds of liquid chromatography. 
The reproducibility of the experiments was good, though weak changes in separation can appear due to 
temperature changes.  

Developments of this study can be: (1) connect HPLC to mass spectrometer (MS), to determine if the 
peaks in chromatogram are significant or not and the parameters could better adjusted. Though, it is 
unclear how methanol would work with MS; (2) Experimental design could be applied so possibly 
interactions effects might be seen (3) The experiments with tryptic cleaved IgG should be tried with a 
larger loop size than 5 μL so small peaks can be detected.   
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Appendix 1 

Mobile phase 
B(%) 

1-20 20-50 50-100 100 

1. Time (min) 5 15 10 10 

2. Time (min) 10 10 5 10 

3. Time (min) 15 15 15 15 

4. Time (min) 15 15 15 15 

Table 1. Gradients with interval from 1-20 % mobile phase B, 20-50% B, 50-100% B and kept at 100% B. The gradients start 

from 1% B and the time number shows how many minutes the gradient takes. 

 

 

Figure 23. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 5 min, from 20-50% in 15 min, from 50-100% B in 10 min and hold at 100% B for 

10 min. The wavelength was 280 nm and flow rate was 0.3 ml/min.  
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Figure 24. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 10 min, from 20-50% in 10 min, from 50-100% B in 5 min and hold at 100% B for 

10 min. The wavelength was 280 nm and flow rate was 0.3 ml/min. 

 

Figure 25. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 15 min, from 20-50% in 15 min, from 50-100% B in 15 min and hold at 100% B for 

15 min. The wavelength was 280 nm and flow rate was 0.3 ml/min. 
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Figure 26. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 15 min, from 20-50% in 15 min, from 50-100% B in 15 min and hold at 100% B for 

15 min. The wavelength was 280 nm and flow rate was 0.3 ml/min. 
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Appendix 2 

Mobile phase B(%) 1-20 20-100 

1. Time (min) 5 5 

2.Time (min) 10 10 

3. Time (min) 15 15 

Table 2. Gradients with interval from 1-20 % mobile phase B, 20-100% B and kept at 100% B. The gradients start from 1% B 

and the time number shows how many minutes the gradient takes 

 

 

Figure 27. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 5 min,  from 20-100% B in 5 min and hold at 100% B for 15 min. The wavelength 

was 280 nm and flow rate was 0.3 ml/min. 
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Figure 28. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 10 min,  from 20-100% B in 10 min and hold at 100% B for 15 min. The wavelength 

was 280 nm and flow rate was 0.3 ml/min. 

 

Figure 29. Tryptically cleaved cytochrome C with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. 

Gradient from 1-20% mobile phase B  in 15 min,  from 20-100% B in 15 min and hold at 100% B for 15 min. The wavelength 

was 280 nm and flow rate was 0.3 ml/min. 
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Appendix 3 

Mobile phase B(%) 10-50 50-100 

2. Time (min) 10 20 

Table 3. Gradient from 10-100 % and how long time the interval takes. 

 

 

Figure 30. Tryptically cleaved Bovine IgG with water with 10 mM FA and MeOH with 10 mM FA as mobile phases. The flow 

rate was at 0.3 ml/min. Gradient from 1-20% mobile phase B  in 5 min,  from 20-100% B in 5 min and hold at 100% B for 15 

min. 

 


	Separation of Trypsin Digested
	IgG with HPLC
	1 Introduction
	1.1 Immunoglobulin G
	1.2 Glycans
	1.3 Trypsin
	1.4 Reversed phase high performance liquid chromatography
	1.5 Present study
	1.6 Previous studies

	2 Experimental
	2.1 Materials and chemicals
	2.2 Sample preparation
	2.3 HPLC system
	2.3.1 Initial experiments with tryptically cleaved cytochrome C
	2.3.2 Initial experiments with tryptically cleaved IgG


	3 Results and discussion
	4 IgG with mass spectrometer
	5 Conclusions and future outlook
	6 References

