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Abstract 
In this project, separation of trypsin digested transferrin (Tf) has been studied, using a RP HPLC-
UV system equipped with a C18 column. 0.1% TFA/MQ-water and 90% MeOH were used as 
mobile phase A and mobile phase B, respectively. For economic reasons, the protein cytochrome 
c (cyt-C) was used to optimize the digestion procedure and LC system, before analysis of Tf. 
Four digestion methods were applied for analyzing cyt-C and Tf. The first method was digestion 
with no denaturing, reducing or alkylating agent. The other digestion methods used urea or 
heating as a denaturing agent, and lastly dithiothreitol (DTT) and iodoacetamide (IAA) as 
reducing and alkylating agent, respectively. The results from HPLC-UV showed that a gradient 
elution with a high concentration of organic solvent is favorable for the separation of cyt-C 
peptides. MALDI-MS was used to identify peptides, and the outcomes showed that denaturation 
by heat before digestion gave the best results.  

 

Sammanfattning 

I detta projekt har separation av trypsin-klyvt transferrin (Tf) studerats, med användning av ett 
RP HPLC-UV system, som bestod av en C18 kolonn. 0,1% TFA/MQ-vatten och 90% MeOH 
användes som mobilfas A respektive mobilfas B. Av ekonomiska skäl användes proteinet 
cytokrom c (cyt-C) före analys av Tf för att optimera klyvningsprocessen och LC systemet. Fyra 
klyvningsmetoder studerades för analysering av cyt-C och Tf. Den första metoden innehöll inget 
denaturerande, reducerande eller alkylerande medel. De andra klyvningsmetoderna innehöll 
urea eller värme som denaturerande medel, och slutligen ditiotreitol (DTT) och jodacetamid 
(IAA) som reducerande respektive alkylerande medel. Resultaten från HPLC-UV visade att en 
gradienteluering med en hög koncentration av den organiska lösningen är gynnsam för 
separationen av peptiderna från cyt-C. MALDI-MS användes för att identifiera peptiderna, och 
resultaten visade att denaturering med värme före klyvning gav bäst resultat. 
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1 Introduction 

	
Transferrins (Tf) is a group of iron-binding blood plasma glycoproteins that can control the level 
of iron in biological fluids. The main function of transferrin is iron transporting within the 
circulatory system of the body [1]. Variation of the Tf level has been seen in iron deficiency, 
anemia, during pregnancy and alcohol consumption.  The function of the proteins and the 
interaction between pharmaceutical and biomolecules are influenced by the glycosylation 
patterns of proteins, so analyzing the glycopeptides of Tf is important [2].	
 

1.1 Transferrin 
The Tf monomeric glycoprotein comprise a polypeptide chain consisting of approximately 
seven hundred amino acids and two carbohydrate chains, see figure 1. The molecular weight of 
transferrin is about 80 kDa [1]. It contains two similar metal-binding sites located in the N-
terminal and C-terminal domains. The amino acids that bind iron to Tf are identical for both 
lobes. Those amino acids are two tyrosines, one histidine and one aspartic acid. The iron-bound 
receptor in Tf is a disulfide-linked homodimer. To stabilize the metal-binding site, a carbonate 
molecule is needed. Additional stabilization of the metal-binding site is achieved by the amino 
acids surrounding the metal-binding site [3]. 	
 
The iron uptake of cells takes place by iron-loaded Tf binding to transferrin receptors (TfR). 
The Tf-TfR complex is then transported to endosomes, where hydrogen ions reduce the pH, 
which in turn causes the iron to be released. The glycoprotein Tf is then released from the cell 
and binds iron again [3]. 	
 	

 
Figure 1. Structure of transferrin. CC BY-SA 3.0 [4]	
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1.2 Glycans 
Tf contains N-glycans, which are carbohydrates binding to the protein. There are two types of 
glycosylations, N-linked glycosylation and O-linked glycosylation. N-linked glycosylation 
occurs when an oligosaccharide is attached to a nitrogen atom in the residue of asparagine. 
Similarly, O-linked glycosylation comes out when an oligosaccharide is attached to an oxygen 
atom in the residue of either serine or threonine. N-glycans have a common core sequence [5]. 
The N-linked biantennary sialylated complex type glycan is the main glycoform that is present 
on Tf. In lower abundance, the N-linked triantennary sialylated complex type is also present on 
Tf [6]. 	
	

1.3 Trypsin 
Trypsin is the most widely applied proteolytic enzyme in proteomics and glycoproteomics. 
Trypsin is a serine protease, cleaving peptides at the carboxyl side of lysine and arginine unless 
the following amino acid is proline. The protease enzyme trypsin is commonly used in 
experiments to digest proteins into peptides. The reason for its wide usage is the exceptional 
cleavage specificity. Also, the enzyme has a high proteolytic activity and high stability under 
different conditions. Trypsin digestion is usually performed with a 1:20 enzyme to protein ratio 
in pH 7.5-8.5[7].	
	

1.4 Present study 
In this project, a method for separation of cleaved trypsin digested Tf using high- performance 
liquid chromatography with ultraviolet absorbance detection (HPLC–UV) was developed. 
Different procedures were tested to find the best way for digestion of Tf to obtain the highest 
number of fragments. The first procedure was digestion with no denaturing, reducing or 
alkylating agent. The second method was digestion with urea as a denaturing agent. The third 
method was digestion with heat as denaturing agent. Finally, digestion with dithiothreitol (DTT) 
as a reducing agent and iodoacetamide (IAA) as an alkylating agent was investigated. A 
Shimadzu HPLC equipped with a reversed-phase C18 column and UV detector was used for 
separation and identification of digested glycopeptides and peptides. Different elution gradients 
and various flow rates were applied to find the best chromatographic condition for glycopeptide 
analysis.	
	
Furthermore, trypsin digested Tf was identified using matrix-assisted laser desorption/ionization 
mass spectrometry (MALDI-MS).  
	

1.5 Previous studies 
A literature study was performed to find the optimal digestion method for Tf. One study 
compared the efficiency of six trypsin digestion protocols for human plasma. The most efficient 
trypsin digestion protocol for Tf was the SDS protocol, which contained 2% w/v sodium dodecyl 
sulfate (SDS) as a denaturing agent, 5 mM tris(2-carboyethyl) phosphine (TCEP) as a reducing 
agent and 10 mM IAA as alkylating agent. However, because of the interferences caused by 
SDS, the recommendation was to use sodium deoxycholate (DOC) as the denaturing agent [8].	
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Another study analyzed digestion procedures of Tf, to find the method that showed the 
greatest number of peptides. The conclusion of this study was that the ideal conditions 
contained 6 M urea for denaturation, 5 mM tris(2-carboyethyl)phosphine (TCEP) for 
reduction, 10 mM IAA for alkylation and 10 mM deoxycholate (DTT) for quenching excess 
IAA [6]. 
 
A different study analyzed the separation and identification of tryptic digested 
immunoglobulin G (IgG) using HILIC-LC/MS in comparison to RP-LC/MS. The digestion 
method for this study contained 200 mM DTT for reduction, 200 mM IAA for alkylation and 
200 mM DTT to react with excess IAA [9]. 
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2 Theoretical background 

	
High performance liquid chromatography (HPLC) separates molecules by carrying the analyte 
with the mobile phase using differences in polarity to get different interactions with a stationary 
phase. In reversed phase HPLC the mobile phase is polar, and the stationary phase is non-polar, 
and in normal phase, it is the opposite. This means that in reversed phase a non-polar molecule 
has high affinity for the stationary phase and is then eluted by the mobile phase later than a polar 
molecule. In gradient elution, the composition of the mobile phase changes during the run. This 
can improve resolution, reduce the analysis time and increase sensitivity compared to isocratic 
elution [10]. 	
	
Matrix assisted laser desorption ionization (MALDI) is a method to produce gas phase ions from 
large molecules using laser energy and a matrix. The matrix-solution of e.g. 2,5-
dihydroxybenzoic acid (DHB) forms crystals with the sample and is then laser irradiated with 
ultraviolet light. As a result, desorption of the matrix and sample occurs. The molecules in the 
sample are ionized by donation of a hydrogen atom from the matrix, which gives the molecules 
a charge of +1. MALDI-MS is considered to be a soft ionization technique that do not fragment 
the large molecules, but rather keep them intact [11]. In order to purify samples before analysis, 
solid phase extraction (SPE) can be used. 	
	
ZipTip™ (C18) is a pipette tip that can be used to clean up (SPE) the analyte from 
contaminations or salts. The target analytes are either less or more inclined to bind to C18 than 
the contaminants, which is how the separation between analyte and salts occurs. The solutions 
for washing and elution need to be prepared fresh daily and new ZipTip™ needs to be used for 
each sample. 
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3 Experimental 

 

Before analyzing Tf samples, trypsin digested cyt- C was used for the optimization of the 
digestion method as well as the gradient elution for the HPLC-UV system. Cyt-C was also 
analyzed by MALDI-MS. After analysis of the cyt-C results, trypsin digested Tf was analyzed 
using both instruments. 

	

3.1 Materials and chemicals 
Acetonitrile (ACN), ammonium bicarbonate (NH4HCO3), bovine cytochrome c (cyt-C), 2,5-
dihydroxybenzoic acid (DHB), dithiothreitol (DTT), formic acid (FA), human transferrin (Tf), 
iodoacetamide (IAA), methanol (MeOH), milliQ water (MQ-water), trifluoroacetic acid (TFA), 
trypsin and urea, ZipTip™ C18 and protein LoBind Eppendorf vials were all obtained from 
Sigma Aldrich, Sweden. Milli-Q water (MQ) was obtained from a Millipore Synergy 185 
system. 
	

3.2 Sample preparation 
Cyt-C (10 mg/mL) and Tf (10 mg/mL) were both prepared by dissolving 10 mg of the protein 
in 1 mL MQ-water. A stock solution of urea (8 mM) was prepared by dissolving 4.8 mg in 10 
mL MQ-water. The stock solution of ammonium bicarbonate (100 mM) was similarly prepared 
by dissolving 0.79 g in 100 mL MQ-water. Solutions of DTT (50 mM) and IAA (100 mM) were 
prepared by diluting previously prepared solutions of DTT and IAA. Trypsin with the 
concentration of 1 mg/mL was used for all sample preparations. Blank samples, that contained 
the same substances as the other samples except Tf, were also prepared.	

3.2.1 Initial digestion method with cytochrome C 
Three samples were initially prepared for tryptic digestion of cyt-C. In order to compare the 
digestion efficiency of different procedures, digestion with and without denaturation, reduction 
or alkylation were applied. The first sample was just digested by adding the proper amount of 
enzyme, the second sample contained denaturation agent (urea), and the third sample contained 
reduction (DTT) and alkylation (IAA) agents. The total sample volume for each was 60 μL, and 
the trypsin ratio was 1:20 enzyme/protein. Table 1 displays all different digestion methods.  
 

3.2.2 Cytochrome C sample preparation procedures 
The first sample preparation was conducted by pipetting 5 μL cyt-C (10 mg/mL) to an 
eppendorf-vial and then adding 6 μL NH4HCO3 (100 mM) pH 8.5 to stabilize the pH. 2.5 μL of 
the trypsin solution (1 mg/mL) was added to the vial. The sample was then diluted with 46.5 μL 
MQ-water. The mixture was vortexed and incubated for 24 hours at room temperature. To 
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terminate the digestion, 0.5 μL TFA was added. The vial was then vortexed and stored in a 
freezer at -20 °C. 	
	
The second sample was prepared by pipetting 5 μL cyt-C (10 mg/mL) and adding 40 μL urea   
8 mM. 6 μL NH4HCO3 (100 mM) pH 8.5, and 2.5 μL trypsin (1 mg/mL) was added to the vial. 
This was then diluted with 6.5 μL MQ-water. The sample was vortexed, incubated for 24 hours 
at room temperature, and treated as the previous sample for termination of digestion as well as 
storage. 	
	
The third sample was prepared by pipetting 5 μL cyt-C (10 mg/mL) and adding 2 μL NH4HCO3 
(100 mM) pH 8.5. In order to reduce the disulfide bonds, 5 μL DTT (50 mM) was added and 
the sample vortexed. The sample was then heated in a thermomixer for 30 min in 65 °C and then 
cooled to room temperature. For alkylation of cyt-C, 5 μL IAA (100 mM) was pipetted to the 
mixture.It was vortexed and incubated in a dark place for 1 hour. Excess IAA was quenched by 
adding 5 μL DTT (50 mM) to the vial and the sample was incubated for 1 hour at room 
temperature. 10 μL of the buffer NH4HCO3 (100 mM) pH 8.5 was added before the addition of 
2.5 μL trypsin (1 mg/mL). The sample was then diluted with 15.5 μL MQ-water and vortexed 
before incubation for 17 hours at 37 °C. For termination of digestion, 0.5 μL TFA was added to 
the vial, vortexed and stored in the freezer.    
	

Table 1. The table displays the different digestion methods. In addition to the reacting agents, each sample 
contained ammonium bicarbonate, trypsin, MQ-water and TFA. All sample types were prepared with cyt-C and 

Tf respectively. 
Sample Denaturing agent Reducing agent Alkylating agent 

A - - - 

B Urea - - 

C Heat - - 

D - DTT IAA 

	

3.2.3 Transferrin sample preparation procedures 
Three different digested procedures mentioned above were also applied for Tf. 

One additional sample was prepared by pipetting 10 μL of Tf (10 mg/mL), followed by 12 μL 
NH4HCO3 (100 mM) pH 8.5 and 93 μL MQ-water. The sample was vortexed and then incubated 
in a thermomixer for 5 min at 95 °C in 1000 rpm. 5 μL of trypsin (1 mg/mL) was then added to 
the sample, which was vortexed and incubated for 24 hours at room temperature. Finally, 1.0 
μL TFA was added and the sample was vortexed and stored in the freezer.  
 
The digestion method described above was also applied for cyt-C for analysis with MALDI-
MS. 
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3.3 HPLC systems 
A Perkin- Elmer HPLC system, containing a pump, a UV-detector and a ZORBAX RP SB 
(C18) (4.6 x 150 mm) column as the stationary phase was used for analysis of cyt-C. The flow 
rate for all initial experiments was 0.3 ml/min and the wavelengths 230 nm and 280 nm were 
tested. The injection volume of the sample was 10 μL in each run and equilibration time was 5 
min. 
	
An UltiMate 3000 HPLC-UV system was used for the analysis of Tf. The column was Kromasil 
RP100 (C18) (4.6 x 100 mm) equipped with a guard column. The injection volume was 20 μL 
in each run and the flow rate was 1 mL/min. The wavelength was 280 nm.	
	

3.3.1 Mobile phase preparation 
The mobile phase A contained 0.1% FA and MQ-water, and mobile phase B contained 90% 
MeOH, 0.1% FA, and MQ-water. The solutions were put in an ultrasonic bath for 15 min, before 
using them in the HPLC-UV system. 
	

3.3.2 Experiments with tryptic digestion of cytochrome C 
For analyzing the tryptic digestions of cyt-C, three gradient elutions were applied. Each sample 
was analyzed with all three gradients to determine which gradient eluted the most peptide 
fragment, with the best separation.  
 
The first gradient was 10-20% B in 15 min, 20-50% B in 15 min, kept at 50% B for 5 min, and 
then decreased to 10% B in 15 min, see table 2.  
 
Table 2. The conditions for gradient 1. 

 
Flow rate (mL/min) 

 
Step 

 
Time (min) 

 
A% (MQ-water) 

 
B% (MeOH) 

0.3 0 5 90% 10% 

0.3 1 15 80% 20% 

0.3 2 15 50% 50% 

0.3 3 5 50% 50% 

0.3 4 15 90% 10% 

  
The second gradient was 10-20% B in 10 min, 20-50% B in 10 min, 50-100% B in 5 min, kept 
at 100% for 7 min, then decreased to10% B in 18 min, see table 3.  
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Table 3. The conditions for gradient 2. 
 

Flow rate (mL/min) 
 

Step 
 

Time (min) 
 

A% (MQ-water) 
 

B% (MeOH) 

0.3 0 5 90% 10% 

0.3 1 10 80% 20% 

0.3 2 10 50% 50% 

0.3 3 5 0% 100% 

0.3 4 7 0% 100% 

0.3 5 18 90% 10% 

 
The third gradient was 10-20% B in 10 min, 20-100% B in 10 min, kept at 100% B in 15 min, 
and then decreased to 10% B in 15 min, see table 4.  
 

Table 4. The conditions for gradient 3. 
 

Flow rate (mL/min) 
 

Step 
 

Time (min) 
 

A% (MQ-water) 
 

B% (MeOH) 

0.3 0 5 90% 10% 

0.3 1 10 80% 20% 

0.3 2 10 0% 100% 

0.3 3 15 85% 100% 

0.3 4 15 90% 10% 

 
 

3.3.3 Gradients for analysis of tryptic digestion of transferrin 
The second gradient that was used for the analysis of cyt-C was also used for the analysis of Tf. 
Two more gradient conditions were used for Tf, one of them was 10% B for 10 min, then 10-
20% B for 20 min, kept at 50% B for 5 min, and decreased to 10% B in 15 min, see table 5.  
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Table 5. The conditions for gradient 4. 
 

Flow rate (mL/min) 
 

Step 
 

Time (min) 
 

A% (MQ-water) 
 

B% (MeOH) 

1 0 5 90% 10% 

1 1 10 90% 10% 

1 2 20 80% 20% 

1 3 5 50% 50% 

1 4 15 90% 10% 

 
The last gradient was 10-100% B in 20 min, kept at 100% B for 5 min, and then decreased to 
10% B in 10 min, see table 6. 
 
 
Table 6. The conditions for gradient 5. 

 
Flow rate (mL/min) 

 
Step 

 
Time (min) 

 
A% (MQ-water) 

 
B% (MeOH) 

1 0 5 90% 10% 

1 1 20 90% 10% 

1 2 5 0% 100% 

1 3 10 90% 10% 

	

3.4 MALDI-MS 
A matrix solution was prepared by diluting 1 μL of TFA in 1000 μL MQ-water. Then a 
solution of TA30 was prepared by mixing 700 μL of 0.1% TFA-solution and 300 μL 
acetonitrile. 3 mg of 2,5-Dihydroxybenzoic acid (DHB) was dissolved in 150 μL of TA30, to 
obtain a concentration of 20 mg/ml. 

The samples of digested cyt-C and digested Tf were prepared and analyzed with the same 
method. 0.5 μL of each sample was applied on the MALDI-plate in two replicates. The 
MALDI-plate was left to dry, and then 0.5 μL of the matrix (DHB 20 mg/mL) was added to 
the sites containing sample. After the droplets had dried the plate was put into the MALDI-MS 
system. Before analyzing the samples, the MALDI-MS system was calibrated with standards. 
Calibrated peptides standards in a mass range between ~1000 and 3500 Da. Different spots of 
the crystals that had been formed on the plate, were shot by laser approximately 10 times each. 
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3.4.1 Sample preparation of transferrin using ZipTip™ 
To eliminate salts existing in the sample, ZipTips™ (SPE) was applied on the digested samples. 
For conditioning of the ZipTip™, 1 mL of ACN and 1 mL of 0.1% TFA were prepared. For 
elution, 500 μL of ACN and 500 μL of 0.1% TFA were also prepared. 0.4 μL of 2.5% TFA was 
added to a vial with 10 μL sample. To wet the ZipTip™ sorbent, 11.4 μL of ACN was loaded 
by a micro pipette and then released in a waste-vial, and this was repeated three times. Then, 
11.4 μL of 0.1% TFA was loaded and then released in the waste-vial and repeated three times. 	
	
The sample was then loaded on the ZipTip™ by drawing the sample 20 times up and down, 
meaning the analytes were slowly absorbed and the sample released in the same vial. The 
ZipTip™ was then washed with 10 μL of 0.1% TFA solution two times. Elution was performed 
by using 10 μL of the TA50 (ACN / 0.1% TFA : (50/50) and repeated 9 times. (9×10µl).	Due to 
this dilution the peaks in MALDI would give a much lower intensity in comparison to the 
samples that were studied prior to using ZipTip™ (10 µl). Therefore, the elution solution was 
evaporated for two hours, using a vacuum evaporation system to get a final volume of 10 μL. 	
	
Theoretical peptide masses of the target analytes acquired from a protein data base were 
compared with the molecular masses of Tf and cyt-C peptides obtained in the MALDI-MS 
analysis [12].
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4 Results and discussion 

 
The results obtained analyzing cyt-C by HPLC-UV showed that the gradient with the higher 
organic solvent eluted more peaks. Sample D (cyt-C), see table 1, presented the best 
chromatographic resolution. The HPLC-UV results from Tf showed that the peptide peaks were 
small and needed to be pre-concentrated before analysis. The results from MALDI-MS showed 
that the sample that was denatured by urea (U sample), produced the highest number of cyt-C 
peptides, and sample denatured by heating (H sample) produced the highest number of Tf 
peptides 	
	

4.1 Analysis of cytochrome C using HPLC-UV 
The results from the cyt-C analyses showed a higher number of peaks with increased separation 
when the gradient reached 100% B. This indicates that at least some of the peptides are nonpolar 
and need 100% B as mobile phase to be eluted from the column. 	
 

 
Figure 2. Sample A (cyt-C) with three different gradients: red and green - gradient 1, blue and pink - gradient 2, 

and turquoise - gradient 3, see table 2. The wavelength is 230 nm for all runs but the pink one, where a 
wavelength at 280 nm was used. Perkin-Elmer system. 	

 

The chromatograms in figure 2 illustrates that the runs at 230 nm showed two peaks within 25 
minutes. This indicates that this wavelength gave a higher sensitivity and detect other substances 
or possibly even peptides are detected that could not be detected at 280 nm. It is clear in the 
comparison of the blue and pink chromatograms.	
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Figure 3. Sample A (cyt-C) with gradient 2, see table 3. The wavelength was 230 nm for the run in red one and 
280 nm for the run in green. Perkin-Elmer system.	

	
The results from sample A (cyt-C) with the same gradient but difference in the wavelength, 
showed similarity in peaks after 25 min, see figure 3. The gradient needed to be optimized to 
determine if the same peaks appeared in those runs. By observing the pattern and counting the 
number of peaks, sample A (cyt-C) contained 6-7 peptides, assuming that the observed peaks 
were peptides.	
 

 
Figure 4. Sample B (cyt-C), where gradient 1 was used for the blue run, gradient 2 for the red and gradient 3 for 

the green, see table 2, 3 and 4. The wavelength was 280 nm for all runs. Perkin-Elmer system. 
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The results from the three runs of sample B (cyt-C) that are presented in figure 4, showed that 
the gradient at 100% B (gradient 2) gave larger peaks. The results also showed that in the run in 
green , which had a gradient ending at 100% B, peaks eluted in a couple of minutes earlier than 
in the run in red . This could potentially be another proof of that the peptides of cyt-C were 
eluted when the gradient ended at 100% B. 	
	

 
Figure 5. Sample B (cyt-C), where gradient 1 was used for the blue run, gradient 2 for the red and gradient 3 for 

the green, see table 2, 3 and 4. The wavelength was 280 nm for all runs. Perkin-Elmer system.  	
	

In figure 5, there are several small peaks seen in the chromatogram in blue, which could be 
peptides of cyt-C.These peaks did not appear in other runs from sample B (cyt-C) though, 
therefore it is more likely that these peaks belong to urea, digested trypsin or contaminations.  
	

 
 

Figure 6. Sample D (cyt-C) with gradient 1 for the runs in red and green, and gradient 2 for the run in blue , see 
table 2 and 3. The wavelength was 280 nm. Perkin-Elmer system. 
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The	most	separated	and	clear	peaks	were	obtained	from	sample	D	(cyt-C, fig 6 and 7).	This	
shows	 that	 reduction	 and	 alkylation	 were	 effective	 to	 obtain	 more	 fragments	 in	 the	
digestion.	
 

 
Figure 7. This is a zoomed-in image of figure 6. Sample D (cyt-C) with gradient 1 for the runs in red and green, 

and gradient 2 for the run in blue , see table 2 and 3. The wavelength was 280 nm for all runs. Perkin-Elmer 
system. 	

	
Figure 7 is a zoomed in image of figure 6, which illustrates small peaks from the runs. The 
chromatograms displayed in red and green showed similar peak patterns, which amplifies the 
credibility of the peaks. A different gradient was used for the run in blue, which could explain 
some slight differences between this and the other runs.  

4.2 Analysis of transferrin using HPLC-UV 
	
The results obtained from the analysis of cyt-C by HPLC-UV was used to choose the best 
gradient for analyzing Tf. An UltiMate 3000 HPLC-UV system was used for the analysis of Tf. 
Several experiments were performed and the results from these are show in Appendix 2 as 
figures 8 to 10. In addition to comparing gradients, different columns were also evaluated. 
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Figure 11. Left: Sample D (Tf) with gradient 4, flow rate 1 mL/min and wavelength 280 nm. Right: Blank sample 
(DTT/IAA) with gradient 4, flow rate 1 mL/min and wavelength 280 nm. See table 5. UltiMate 3000 HPLC-UV 

system. 

However, the results from the analysis of sample D (Tf) as well as the blank sample (figure 11), 
showed that the early peaks in the gradient, are other substances than peptides. There are 
similarities when comparing the chromatograms of sample D (Tf), the blank sample, and sample 
D (cyt-C), see figure 11 and 6. The peaks could belong to DTT, IAA, digested trypsin or 
contaminations, either from the syringe or the column. Two different HPLC-UV systems have 
been used, as well as three different columns and two different syringes, though. Therefore, 
contamination from these is unlikely to be the cause of the interfering peaks. 	
	
Large peaks appeared during washing the column using 100% B at the end of each day. This 
could indicate that peptides of Tf needed a high concentration of organic solvent in order to 
elute from the column. Moreover, small peaks could have been hidden under the large peaks 
that were eluted at 100% B. To investigate this, the gradient that reached 100% B was used with 
another column (fig. 12). 
 
	

 
Figure 12. Left: Sample B (Tf) with gradient 5. Right: Blank sample (urea) with gradient 5. Wavelength 280nm 

and flow rate 1 mL/min. See table 6. UltiMate 3000 HPLC-UV system. 

 
In figure 12, the chromatograms shows that after changing the column, small peaks appeared at 
the end of the gradient (towards100% B), without any larger peaks being detected. This 
indicated that the previous column was contaminated and had not been thoroughly washed, 
which led occurrence of the large peaks with absorbance at 2000 mAU. The small peaks that 
were detected after changing the column, could be the peptides from Tf. However, the blank 
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sample (urea) showed similar peaks, which made it difficult to recognize whether they were 
peptides or not. Because of the uncertainties of the HPLC analysis and the difficulties in 
identifying peaks actually corresponding to peptides MALDI-MS analysis was performed.	
 

4.3 Analysis of cytochrome C using MALDI-MS 
A number of peptides were identified by using MALDI-MS. Sample A (cyt-C) showed seven 
peptides, which also are the number of peaks from HPLC presented in figure 3. For every 
analysis with MALDI-MS, any signal to noise ratio lower than or equal to 3, was considered to 
be background noise.  
 

 
 

Figure 13. MALDI-MS spectra of all digested cyt-C samples. The green is sample D (cyt-C), pink is sample A 
(cyt-C), blue is sample C (cyt-C) and yellow is sample B (cyt-C). 

	
Sample B (cyt-C) showed the highest number of peptide peaks, see figure 13. The lowest number 
of peptide masses was found in sample C (cyt-C) as well as sample D (cyt-C). The results 
showed that using urea as denaturing agent lead to more peaks than using heating. On the other 
hand, the sample C (cyt-C) had the highest average signal to noise ratio, see table 7. The 
molecular weights of cyt-C peptides are presented in table 10 in appendix 1.	
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Table 7. Number of peptides found and average signal to noise ratio from differently digested cyt-C sample is 
presented in the table.	

 
Digested cyt-C 

sample 

 
Treated before 

digestion 

 
Number of peptides 

found / total 
peptides searched 

 
Average S/N ratio 

A Trypsin 7 / 63 54 

B Urea 8 / 63 46 

C Heated 5 / 63 62 

D DTT/IAA 5 / 63 46 

 

4.4 Analysis of transferrin using MALDI-MS 
The results from MALDI-MS showed that the heating digestion method produced the highest 
number of peptides, both for the analysis of Tf with and without treatment with ZipTip™.	
 

 
 

Figure 14. MALDI-MS spectra of Tf peptides from all digestion methods. The red circles mark each Tf peptide 
found in the samples. The grey is sample D (Tf), green is sample A (Tf), orange is sample C (Tf) and blue is  

sample B (Tf). 
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Comparison of all Tf digested samples in figure 14 showed that the sample C (Tf) displayed 
the highest number of peptides, which implies that it was the most efficient digestion method 
in this project. However, the sample with the highest average signal to noise ratio was sample 
B (Tf), see table 8. 	
	
	

Table 8. Number of found peptides and average of signal to noise ratio from differently digested Tf samples. 	
 

Digested Tf 
sample  

 
Treated before 

digestion  

 
Number of peptides 

found / total 
peptides searched 

 
Average S/N ratio 

A Trypsin 21 / 54 52 

B Urea 19 / 54 55 

C Heated 22 / 54 42 

D DTT/IAA 19 / 54 33 

 
 

	
 

Figure 15. MALDI-MS spectrum of sample A (Tf). The spectrum above is without using ZipTip™ and with is 
below. 
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The result of sample A (Tf) from MALDI-MS (figure 15) showed that more peptides were found 
in the sample that was prepared with ZipTip™ but the intensity was higher for the samples 
without ZipTip™. Table 9 displays the results from digested Tf samples with ZipTip™. 
 

 

Figure 16. MALDI-MS spectrum of sample B (Tf). The spectrum above is without ZipTip™ and below is with 
ZipTip™. 

 
The spectrum of sample B (Tf) (figure 16) showed that the intensities were higher for the 
sample without ZipTip™ treatment, see table 11 and 12 in appendix 1. However, we expected 
to have a higher intensity of sample after ZipTip™ compared to those before cleaning. There 
is always a risk of losing material during sample preparation steps, though. 
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Figure 17. MALDI-MS spectra of sample C (Tf). The spectrum above is without ZipTip and below is with 
ZipTip. 

 
On the other hand the results from sample C (Tf) (figure 17), showed that the intensity was 
higher for the sample prepared with ZipTip™. In this case the intensity increased when 
contamination or salts were removed. Nevertheless, one should keep in mind that MALDI 
generally is not a quantitative technique, since the analytes could be unevenly spread over the 
target spots. 
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Figure 18. MALDI-MS spectrum of sample D (Tf). The spectrum above is without ZipTip and below is with 
ZipTip. 

 
Similar results were observed from sample D (Tf, figure 18), where the intensity was higher for 
the sample prepared with ZipTip™, see table 11 and 12 in appendix 1. 	
 

Table 9. Numbers of peptides found and average signal to noise ratio from differently digested Tf samples are 
presented in the table. All samples were prepared using ZipTip™.	

 
Digested Tf 

sample  

(with ZipTip) 

 
Treated before 

digestion 

 
Number of peptides 

found / total 
peptides searched 

 
Average S/N ratio 

A Trypsin 24 / 54 43 

B Urea 25 / 54 26 

C Heated 28 / 54 42  

D DTT/IAA 18 / 54 24 
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Sample C (Tf) showed the highest number of peptides of all digested Tf samples (ZipTip™). 
Sample A had the highest average of signal to noise ratio. All samples prepared with ZipTip™, 
except sample D (Tf), have a higher number of peptides compared to those that were prepared 
without ZipTip™.	
 
Even if MALDI is not a quantitative technique, the mass spectra were more clear than the 
chromatograms, and it was easier to search for the peptide fragments by their masses, and to 
interpret the results. 
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5 Conclusions  

	
In this project, cyt-C and Tf were digested with trypsin and separated with HPLC-UV. A high 
concentration of organic solvent in the gradient was determined to be favorable. Due to the risk 
of trypsin autolyzation, degradation of protein, error with instrument or low concentration of 
peptides, the peptide peaks could not be identified in the chromatograms. Because of lack of 
time, the problem could not be solved. The heated digestion method was concluded to be the 
best digestion procedure, due to producing the highest number of peptides.  
	
Further work needs to be conducted to optimize the gradient conditions for Tf using HPLC-UV. 
A higher concentration of the protein could give higher peaks, which would simplify the 
detection and identification of the peptides. On the other hand, the peptides of the proteins were 
identified using MALDI-MS. A range of 18-28 peptides were found in the samples, which 
furthermore indicated that the Tf peptides were present in the samples but were not detected 
with HPLC-UV.	
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Appendix 1 

 
The molecular mass of cyt-C peptides and Tf peptides, that were found for each sample are 
presented in this appendix. The numbers in the parenthesis are signal to noise ratio. The empty 
cells represent a lack of peptide in that sample, that otherwise appears in at least one of the other 
samples. 
 
Table 10. Cyt-C peptides found from different digested samples.	

 
DTT/IAA	

 
Trypsin	

 
Heated	

 
Urea	

 
	

806.48 (14)	 806.47 (21)	 806.48 (16)	

964.56 (38)	 964.59 (18)	  
	

964.57 (35)	

1018.48 (17) 
	

1018.52 (14)	 1018.51 (14)	 1018.52 (11)	

1168.65 (99) 
	

1168.69 (215)	 1168.66 (176)	 1168.67 (193)	

 
	

1296.78 (10)	  
	

1296.74 (9)	

1433.75 (22)	 1433.81 (22) 
	

1433.80 (34)	 1433.78 (21)	

 
	

 
	

 
	

1456.73 (8)	

1633.67 (52)	 1633.73 (88) 
	

1633.69 (63)	 1633.70 (78)	
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Table 11. Tf peptides found from different digested samples.  
DTT/IAA Trypsin Heated Urea 

827.50 (42) 827.50 (110) 827.50 (56) 827.50 (115) 

830.49 (5) 830.50 (18) 830.50 (46)  

 864.56 (10) 864.65 (11)  

874.58 (11) 874.57 (56) 874.54 (34) 874.59 (69) 

   878.50 (11) 

940.50 (10) 940.50 (21) 940.70 (35) 940.61 (20) 

964.60 (47) 964.60 (29) 964.60 (30) 964.69 (29) 

978.60 (42) 978.60 (33) 978.0 (14) 978.65 (42) 

1000.64 (33) 1000.64 (75) 1000.63 (24) 1000.67 (73) 

  1138.83 (25)  

1166.73 (30) 1166.76 (50) 1166.71 (14) 1166.78 (41) 

1195.70 (48) 1195.73 (97) 1195.70 (111) 1195.75 (107) 

1223.79 (9)    

1249.76 (29) 1249.80 (109) 1249.74 (42) 1249.81 (103) 

 1260.76 (6) 1260.94 (12) 1260.79 (7) 

273.82 (31) 1273.84 (64) 1273.79 (49) 1273.86 (82) 

1276.79 (27) 1276.83 (49) 1276.79 (58) 1276.85 (27) 

1283.75 (75) 1283.75 (176) 1283.76 (108) 1283.77 (149) 

1297.76 (26) 1297.80 (11) 1297.98 (9) 1297.82 (13) 

  1417.87 (12)  

1478.93 (59) 1478.96 (107) 1478.98 (105) 1478.97 (108) 

1529.96 (9) 1529.99 (20)  1529.99 (13) 

1577.93 (7)    

 2070.34 (10) 2070.70 (26) 2070.34 (20) 

  2114.75 (69)  

 2159.35 (15) 2159.46 (25)  

3954.55 (73) 3954.62 (25)  3954.63 (21) 
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Table 12. Tf peptides from different digested samples. All samples were prepared using ZipTip. 
DTT/IAA Trypsin Heated Urea 

827.49 (19) 827.45 (70) 827.47 (42) 827.44 (32) 

830.47 (22) 830.43 (19) 830.44 (83) 830.44 (18) 

 864.45 (20) 864.47 (18) 864.47 (17) 

874.53 (15) 874.49 (34) 874.50 (28) 874.47 (18) 

940.55 (18) 940.50 (37) 940.52 (60) 940.53 (35) 

964.62 (11) 964.59 (21) 964.59 (24) 964.58 (13) 

978.60 (8) 978.55 (21) 978.56 (19) 978.54 (13) 

1000.61 (14) 1000.56 (86) 1000.57 (41) 1000.56 (38) 

 1138.58 (13) 1138.61 (41) 1138.65 (18) 

 1166.67 (25) 1166.65 (7) 1166.64 (10) 

1195.65 (48) 1195.62 (64) 1195.62 (80) 1195.62 (47) 

1249.73 (9) 1249.68 (64) 1249.71 (37) 1249.72 (38) 

 1260.65 (9) 1260.67 (19) 1260.67 (6) 

1273.76 (12) 1273.73 (42) 1273.74 (42) 1273.72 (28) 

1276.75 (22) 1276.71 (41) 1276.73 (58) 1276.70 (12) 

1283.69 (73) 1283.64 (198) 1283.67 (134) 1283.66 (102) 

1297.70 (38) 1297.69 (27) 1297.71 (12) 1297.72 (21) 

 1358.78 (11) 1358.81 (12) 1358.81 (7) 

  1417.75 (20)  

1478.88 (64) 1478.82 (117) 1478.83 (119) 1478.86 (80) 

 1520.72 (11) 1520.77 (12) 1520.85 (21) 

1529.93 (15) 1529.84 (41) 1529.88 (35) 1529.91 (25) 

1577.90 (7) 1577.90 (23) 1577.93 (50)  

1629.98 (9) 1629.91 (13) 1629.94 (36)  

  1632.96 (8)  

   2070.32 (9) 

  2114.21 (26) 2114.36 (15) 

  2159.12 (42) 2159.19 (7) 
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3954.28 (31) 
 

3954.03 (33) 3954.28 (58) 3954.39 (13) 

 

	
 

Appendix 2 

 
HPLC analysis of trypsin digested Tf samples. 
 

 
Figure 8. Left: Sample A (Tf) with gradient 4, flow rate 0.5 ml/min and wavelength 280 nm. Right: Sample A 
(Tf) with gradient 2, flow rate 1 mL/min and wavelength 280 nm. See table 5 and 3. UltiMate 3000 HPLC-UV 

system.	
 
The results from the HPLC-UV analysis showed that the peaks believed to be peptides from Tf 
came out when the mobile phase contained a higher concentration of the aqueous phase rather 
than the organic phase, and the majority eluted within the first 10 min. 	
 

 

Figure 9. Left: Sample B (Tf), with gradient 4, flow rate 1 mL/min and wavelength 280 nm. Right: Sample B (Tf) 
with gradient 2, flow rate 1 mL/min and wavelength 280 nm. See table 5 and 3. UltiMate 3000 HPLC-UV 

system. 

 
The results from the analysis of sample B (Tf) showed that the peptides were eluted early as in 
the run of sample A, see figure 9. A large peak with an absorbance at around 3000 mAU 
appeared when reaching 100% B. Furthermore, similar results were obtained from sample A 
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(Tf), see figure 8. This indicated that the denaturing by urea did not have a significant effect on 
the digestion procedure. 
	

 

Figure 10. Left: Sample C (Tf) with KC18 (4.6 x 100 mm) column, gradient 4, flow rate 1 mL/min and 
wavelength 280 nm. Right: Sample C (Tf) with SB-C18 (4.6 x 100 mm) column, gradient 4, flow rate 1 mL/min 

and wavelength 280 nm. UltiMate 3000 HPLC-UV system. 

Analysis of sample C (Tf), was performed by the same conditions but with different columns. 
Figure 10 shows that the columns presented similar results in different time.  
 


