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Datum  

Date 

 

2010-06-03 



4 

 

Abstract 
Metabolites, small endogenous molecules existing in every living cell, tissue or organism, 

play a vital role for maintaining life. The collective group of all metabolites, the metabolome, 

is a consequence of the biochemistry and biochemical pathways that a cell or tissue uses to 

promote survival. Analysis of the metabolome can be done to reveal changes of specific 

metabolites which can be a manifestation, a reason or a consequence of for example a disease. 

The physical chemical diversity amongst these components is tremendous and it poses a large 

analytical challenge to measure and quantify all of them. Targeting sub groups of the meta-

bolome such as specific functional classes has shown potential for increasing metabolite 

coverage. Group selective labeling with biotin-tags followed by high affinity avidin capture is 

a well established purification strategy for protein purification.  

The purpose with this project is to explore if it is possible to transfer the avidin biotin 

approach to metabolomics and use this method for small molecules purification. Specifically, 

this investigation aims to see if it is achievable to make a biotinylation of specific functional 

groups, to increase the sensitivity through reduction of sample complexity in liquid 

chromatography mass spectrometry metabolomics analyses after high affinity avidin capture. 

By purifying the analyte of interest and thereby reducing the sample complexity there will be 

a reduction in ion suppression. The aim is to increase the analytical sensitivity through a 

reduction in ion suppression during liquid chromatography mass spectrometry analysis.  

Delimitations have been done to only investigate the possibility to obtain a biotinylation of 

primary amines and amides. As model compounds phenylalanine, spermidine, histamine and 

nicotinamide have been selected. 

The result from this study indicates that it is possible to increase metabolite coverage through 

biotin labeling followed by high affinity avidin capture. It is a gain in analytical sensitivity of 

selected model compounds when comparing biotinylation strategy with a control non-

biotinylation approach in a complex sample. A broader study of additional model compounds 

and a method development of this strategy are necessary to optimize a potential future 

method.   



5 

 

List of abbreviations 
APCI Atmospheric pressure chemical ionization 

API Atmospheric pressure ionization 
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1 Introduction 
In every living cell, tissue or organism, small endogenous molecules (metabolites) play a vital 

role for maintaining life. These small endogenous molecules are together defined as the meta-

bolome, and the quantitative measurement of the entire small molecular complement 

(metabolome) is defined as metabolomics [1]. The human metabolome consists of an estima-

ted 2500-30000 small molecules.  

The metabolome reflects gene and protein activity in physiological (developmental) and 

pathological processes. This property makes it possible for the metabolome to act as an indi-

cator of the phenotype of the organism. The phenotype is defined as “the outward, physical 

manifestation” of the organism [2]. When genes interact, or when the genotype interact, with 

the environment the product is called the phenotype [3]. This give rise to the individuals 

observable individuality, such as height, eye color and blood type [4]. The possibility of 

quantitatively profile the metabolome is today showing great potential, for example, this is 

being used within the clinical disciplines for identification of small molecular biomarkers that 

indicate diseases and predict optimal therapy for the individual [5].  

The physical chemical diversity amongst these components is tremendous and it poses a large 

analytical challenge to measure and quantify all of them. Targeting sub groups of the meta-

bolome such as specific functional classes has shown potential for increasing metabolite 

coverage [6]. Protein purification through functional group selective labeling with biotin-tags 

followed by high affinity avidin capture is a well established purification strategy [7, 8]. This 

is a proof of principle project which seeks to investigate the possibility to transfer the biotin-

avidin approach to metabolomics with the intention of increasing metabolite coverage in 

selected classes of metabolite functional groups.  

1.1 Objective 
Biotinylation is a method commonly used in the protein chemistry to achieve purification [9]. 

The purpose with this project is to explore if it is possible to use this method for small mole-

cules purification. Specifically, this investigation aims to see if it is achievable to make a bio-

tinylation of specific functional groups, to increase the sensitivity through reduction of sample 

complexity in LC-MS metabolomics analyses after high affinity avidin capture. Ultimately, 

this strategy will be applied in cancer research for the discovery of small molecules with dia-

gnostic/prognostic properties. 

1.2 Delimitations 
Delimitations have been done to only investigate the possibility to obtain a biotinylation of 

primary amines and amides. As model compounds we have selected phenylalanine, spermi-

dine, histamine and nicotinamide. 

1.3 Question formulation 
The formulation of questions needed to set up for the objective are: 

1 Is it possible to achieve a biotinylation of the chosen model compounds? 

2 Is it possible to get the original amine or amide molecule back through a neutral loss 

LC-MS measurement of the biotin moiety during fragmentation? 

3 How many derivatization products, resulting from the biotinylation, can be charac-

terized for each compound? 

4 What is the reaction yield? 

5 What is the analyte recovery from the avidin slurry? 
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6 Is there a gain in analytical sensitivity of selected amines when comparing biotiny-

lation strategy with a control non-biotinylation approach in a complex sample? 

1.4 Method 
The method used is a biotinylation labeling reaction of the amine and amide molecules, with 

subsequent high affinity avidin capture, which has been made both on columns and in 

Eppendorf tubes (see section 4.1.4), of derivatized compound class. The performance and 

sample preparations are based on a standard procedure from Thermo Scientific used for 

protein purification. The aim is to increase the analytical sensitivity through a reduction in ion 

suppression during LC-MS analysis. Both LC-3Q and LC-Q-TOF are being used in this 

study. Reduced ion suppression is achieved with a reduced sample complexity obtained 

through specific capturing of biotinylated molecules in the avidin slurry. Analysis with LC-

MS permits ionization, quantification and detection of metabolites of a wide range. 

Furthermore, the observation of analytes as their intact molecular ions permits exact mass 

determination with high resolution mass spectrometry, and facilitates interpretation of product 

ion data in fragmentation experiments using tandem mass spectrometry analysis (MS/MS). 

Electrospray ionization Mass Spectrometry (ESI-MS) offers a possibility to obtain a comp-

rehensive, quantitative and relatively unbiased view of the metabolome [10]. Furthermore, the 

MS has a great potential of detecting compounds present only at trace levels, which makes it a 

very good tool for metabolomics since many potential biomarkers can be present at low con-

centrations [11]. Another advantage of MS as detection tool is that it quantitative and 

structural information can be obtained simultaneously. 

1.5 Theory 
The selected biotinylation reagent will react primarily with primary amines. We selected our 

model compounds to represent compounds with one (phenylalanine and histamine) and two 

(spermidine) primary amine functionalities. We also selected model compounds possessing a 

combination of primary and secondary amines (histamine and spermidine). Because of dif-

ferences in the number of primary amines included in the selected compounds, there is a 

chance that more than one product will arise from the biotinylation reaction for some of the 

molecules. Formation of multiple reaction products can be a problem since it may complicate 

the data interpretation, but the benefit of a significantly increased sensitivity and hence 

improved possibilities for biomarker discovery should motivate the use of derivatization. In 

the reaction of a biotin molecule, in this case a Sulfo-NHS-biotin molecule, with an amine an 

amide bond is formed and a Sulfo-NHS-group is leaving (see the reaction in section 2.7.1). 

The phenylalanine molecule consists of only one amine group, which means that this 

molecule only can react with the biotinylation reagent in one way, and because of this just one 

single product can arise (figure 1). The other three remaining molecules though, have the 

possibility to form more than one product from the reaction. The histamine molecule does 

have the ability to form three possible products (figure 3) and the spermidine a possibility to 

form seven products (figure 2). For the nicotinamide on the other hand, which is an amide, the 

question we seek to answer is if it is possible at all to do a biotinylation labeling reaction 

(figure 4) – how specific is the reagent?  

With the mass spectrometer one measures the mass over charge value (m/z). With one charge 

(proton) added to the molecule [M+1] the molecular ion m/z value will reflect the mass (plus 

one mass unit) in mass units (amu) since the mass is divided with one charge. Protons are 

typically attached to basic sites such as amines on the analyte. The biotinylation reagent we 

are employing introduces two more amine sites hence, there is possibility for multiple charged 

analytes. 
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The biotin reagent will form a covalent bond with the primary amine through the formation of 

an amide bond. In tandem mass spectrometry, when the amide bond breaks, the charge can 

either be retained on the nitrogen or the carbonyl group. This will result in a neutral loss. This 

neutral loss can be utilized in the LC-MS/MS analysis as a neutral loss scan where quadrupole 

1 and quadrupole 3 are constantly scanning with an offset of 226 mass units (neutral loss frag-

ment of the biotin label) resulting in a total ion chromatogram (TIC) where only metabolites 

successfully labeled are monitored. 

1.5.1 Biotinylation of phenylalanine 
From detection of the biotinylation labeling reaction of phenylalanine, peaks for m/z 392 

(z=1), 196 (z=2) and 131 (z=3) could possibly be found. Mass over charge 392 is the most 

likely mass (molecular ion) that would arise when the nitrogen in the amide bond gets posi-

tively charged (the complex phenylalanine and Sulfo-NHS-biotin has a molecular weight of 

391). It may also be possible for the two nitrogen positioned at the NHS-biotin molecule to 

get positively charged, which in that case would give the peaks for 196 (one positive charge at 

the phenylalanine nitrogen plus one positive charge at one of the NHS-biotin nitrogen) and for 

131 (all the three nitrogen in the complex have got positively charged). 

 

NH NH

S

O

NH

O
OH

O

OH

O

NH2

Phenylalanine

1 Biotin labels attached

Mw 391

 
Figure 1 Theoretical structure of a possible phenylalanine-biotin complex. 

1.5.2 Biotinylation of spermidine 
Spermidine has the possibility to form several different reaction products with the biotiny-

lation reagent. Spectral molecular ion peaks at m/z 372 (z=1), 186 (z=2), 124 (z=3), 93 (z=4) 

and 75 (z=5) can possibly be found if only one biotin is bonded to spermidine. If two biotin 

molecules have bonded to spermidine peaks at m/z 598 (z=1), 299.5 (z=2), 200 (z=3), 150 

(z=4), 120 (z=5), 100.5 (z=6) and 86 (z=7) can possibly be found, because the possibility of 

seven positive charges (the complex has seven nitrogen). The case where three biotin mole-

cules are bonded to spermidine peaks at m/z 824 (z=1), 412.5 (z=2), 275 (z=3), 207 (z=4), 166 

(z=5), 138 (z=6), 118.5 (z=7) and 104 (z=8) can possibly be found. 
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Figure 2 Theoretical structures of possible spermidine-biotin complexes (one, two and three biotin molecules bonded 

to the spermidine). 

Mw 597 
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1.5.3 Biotinylation of histamine 
Histamine has the possibility to bind biotin in more than one way. Predicted molecular ions 

are for one biotin label; m/z 338 (z=1), 169 (z=2), 113 (z=3) and 85 (z=4). For two biotin 

labels can the following molecular ions possibly be observed; m/z 564 (z=1), 282.5 (z=2), 189 

(z=3), 142 (z=4) and 114 (z=5) can be possibly found. 
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Figure 3 Theoretical structures of possible histamine-biotin complexes (one and two biotin molecules bonded to the 
histamine). 

1.5.4 Biotinylation of nicotinamide 
Nicotinamide, if successful reacted with the biotinylation reagent would theoretically produce 

the following molecular ions; m/z 349 (z=1), 175 (z=2) and 117 (z=3). 

        

NH NH

S

O

NH

O

N

O

N NH2

O

1 Biotin labels attached

Nicotinamide

Mw 348

 
 

Figure 4 Theoretical structure of a possible nicotinamide-biotin complex.  
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2 Background 
The method used in this study is a biotinylation labeling reaction of the chosen model com-

pounds – the amine and amide molecules, with subsequent high affinity avidin capture of the 

derivatized compound class. The analysis is done with liquid chromatography mass spec-

trometry (LC-MS), both with liquid chromatography triple quadrupole (LC-3Q) and with 

liquid chromatography quadrupole time-of-flight (LC-Q-TOF), with electrospray ionization 

(ESI). 

2.1 High performance liquid chromatography 
High performance liquid chromatography (HPLC/LC) is a separation method used for separa-

ting compounds in a complex matrix [12]. The principle is based on a two phase system 

where the rate of equilibrate between these two phases is crucial for the resolution of the 

separation. One of the phases is stationary and set inside of the column. The stationary phase 

is either set on the inside wall like a thin layer, or packed within the whole column. The other 

phase is a liquid mobile phase that is forced trough the column by pressure. The two phases 

are chosen to have the opposite polarity.  

The separation occurs from the distribution of the sample mixture between the two phases 

[13]. Depending on polarity of the analytes they will pass through the column at different 

rates. An analyte that tend to reside more in the mobile phase than in the stationary phase is 

going to move more quickly through the column and get to the detector earlier [12, 13]. This 

analyte is going to have a shorter retention time. Opposite, an analyte that is easier adsorbed 

in the stationary phase is going to have a stronger retention and therefore spend a smaller 

fraction of the time free in solution and hence elute later. If a polar mobile phase is used then 

a more polar solvent is going to eluate faster than a less polar because it will not equilibrate 

into the stationary phase in such a high degree.  

 

Figure 5 A schematically sketch for the principles of chromatography. Analyte B is easier adsorbed in the stationary 

phase, and have a stronger retention, than analyte A, resulting in a later elution of analyte B.  
Reference: <http://www.bio.miami.edu/~cmallery/255/255tech/hplc.pic2.jpg> 

The solvent is injected into the LC instrument and is then passed through the column with the 

mobile phase. The analytes is separated inside the column and is eluted at different retention 

times. After eluting the analytes will pass into a detector. 
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Figure 6 A schematically sketch for the HPLC instrumentation.  
Reference: <http://academic.sun.ac.za/polymer/Fig1c.jpg> 

2.2 Mass spectrometry 
Mass spectrometry (MS) is an analytical technique for which the basis is ionization of 

analytes with a subsequent separation of charged species based on their mass over charge 

(m/z) of a molecule. An ionized molecule, molecular-fragment or an atom can quantitative be 

observed and recorded in a mass spectrum [12]. The MS instrument consists of four basic 

components: a sample inlet, an ionization source, a mass analyzer and an ion detector [14]. 

The sample is introduced to the MS through the sample inlet and is then converted to ions in 

the ionization source. From here the ions are electrostatically propelled into the mass analyzer 

where they are separated according to their mass-to-charge (m/z). In the detector the ion 

energy is converted into an electrical signal, which is send to a computer. 

 
Figure 7 A schematically sketch of a mass spectrometry instrument.  

Reference: <http://www.peptide2.com/peptide/Wikipedia_Mass_Spectrometry_files/Ms_block_schematic.gif>  

The ionization event can be achieved in various ways such as generation of an odd electron 

species through knock out of an electron (Electron impact ionization, EI), addition or sub-

traction of a proton through charge transfer (Electrospray Ionization, ESI) or through charge 

transfer between a laser excited matrix and embedded analytes (Matrix Assisted Laser 

Desorption/ionization, MALDI). Charged species are subsequently accelerated by an electric 

field and separated according to their m/z. The MS is able to measure both positive and 

negative ions just by reversing the voltages where the ions are formed and detected.  
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In a biological context mass spectrometry is frequently used together with chromatography 

for its ability to separate a wide range of different types of analytes such as small molecules, 

peptides and intact proteins. When LC is used, a huge volume of gas is formed when the 

solvent is vaporized in the interface between the LC-column and the MS [12]. This gas has to 

be removed before ion separation if ionization is to take place under vacuum (i.e. EI, CI). 

Historically this was solved rather recently with the advent of atmospheric pressure ionization 

which rendered the Nobel Prize in chemistry 2002 [15]. Atmospheric pressure ionization 

(API) techniques are compatible with most volatile solvents and additives using LC flow rates 

in the range 0.1-2000 μl per minute. Buffers and additives which are not volatile (e.g. 

phosphate buffer) need to be avoided when using API-MS. There are two dominant methods 

used for introducing the LC eluate to the MS: Pneumatically assisted electrospray (ESI) and 

atmospheric pressure chemical ionization (APCI), which both are different types of API 

techniques. Other API techniques are nanoESI, matrix-assisted laser desorption/ionization 

(MALDI) and desorption/ionization on silicon (DIOS). There is also a technique called 

vacuum ionization, which mostly are used for the GC system. The vacuum ionization tech-

nique includes ion sources as electron ionization (EI), chemical ionization (CI) and fast atom-

/ion bombardment (FAB). In this study the API technique ESI have been used. ESI is a very 

suitable interface with HPLC because its involvement of a continuous introduction of 

solution. 

2.2.1 Vacuum ionization sources 
The vacuum ionization techniques are mostly used in a combination with a GC instrument 

and there are mostly two different ionization strategies that are used: chemical ionization (CI) 

and electron ionization (EI) [12]. In the EI the electrons are first emitted from a hot filament 

and afterwards accelerated through a voltage of 70 before they will interact with the incoming 

molecules. In the CI on the other hand, there is an ionization source that is filled with a rea-

gent gas (at a pressure of circa 1 mbar), for instance methane. The CI is softer than the EI and 

produces less fragmentation.  

The fast atom/ion bombardment (FAB) is an ionization source that uses a liquid matrix and a 

highly energetic beam of particles, a continuous ion beam, to desorb ions (transfer protons) 

from surface [14]. 

2.2.2 Atmospheric pressure ionization sources 
Atmospheric pressure chemical ionization (APCI) is an ionization source that makes it pos-

sible to analyze relatively nonpolar compounds [14]. This technique generates ions directly 

from solution. A heated vaporizer facilitates rapid desolvation/vaporization of the sample 

droplets. After vaporizing the molecules are carried through an ion-molecule reaction region 

at atmospheric pressure. At atmospheric pressure the analyte molecules collide with the reac-

tion reagent ions frequently, which makes the chemical ionization efficient. In the positive 

mode a proton transfer is occurred when in the negative mode either a proton loss or electron 

transfer is occurred.  

The matrix-assisted laser desorption/ionization (MALDI) source is similar to the FAB, but for 

the MALDI the energetic beam is pulsed laser and the matrix is typically a solid crystalline 

[14]. The desorption/ionization on silicon (DIOS) source is instead a matrix-free method that 

uses pulsed laser desorption/ionization on a porous silicon. Unlike other matrix-free ioni-

zation techniques the DIOS source enables ionization with little or no degradation of analyte.  

The ionization source used in this study, electrospray ionization (ESI), does also produce ions 

directly from a liquid solution [14]. In the presence of an electric field the technique creates a 
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fine spray of highly charged droplets. A metal needle, maintained at a potential of between 

700-1500 voltages, is used to create a strong electric field from which the sample solution is 

sprayed. When the sample solution is sprayed trough the needle it disperses into a fine spray 

of charged droplets, which then are decreased in size by applying either a gas and/or heat. 

While the droplets are decreasing the charge density on its surface is increasing. The Cou-

lombic repulsion between like charges, which are occurring at the droplets surface, becomes 

so great that it forces the ions to eject from the droplet through what is known as a “Taylor 

cone”.  

 

Figure 8 The principle of the ESI introducing method. Reference: 
<http://www.ich.ucl.ac.uk/services_and_facilities/lab_services/mass_spectrometry/images/HPLC_ESI_MS_1.gif> 

 
Figure 9 Ion formation from electrospray ionization source. This ionization source uses a stream of either air, 

nitrogen, heat, vacuum or solvent sheath to facilitate desolvation of the droplets [11]. After the formation of the ions 

they are electrostatically directed into the mass analyzer.  
Reference: <http://bopwww.biologie.uni-freiburg.de/research/ESI1mono.gif> 

The ionization can be obtained by different methods in the ionization source depending on the 

analytes properties [14]. Protonation, when a proton is added to the molecule for achieving a 

net positive charge, can be used for amines, while they tend to reside more on the basic resi-

dues of the molecule. Reversibly, ionization can be achieved by the removal of a proton from 

a molecule. This technique gives the net charge of one minus and is called deprotonation. This 

technique is useful for acidic species. Cationization produces a charged complex by non-

covalently adding a cation adduct to a neutral molecule. This is useful for molecules that are 

unstable to protonation, for instance carbohydrates. Other techniques are transfer of charged 
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molecule to gas phase, which gives both positive and negative ions, electron ejection, positive 

ions, and electron capture, negative ions. 

2.2.3 Mass analysis 
There are many different types of mass analyzers: quadrupole, ion traps, time-of-flight (TOF), 

ion cyclotron resonance (ICR), orbitrap and tandem mass spectrometers; quadrupole-TOF (Q-

TOF), TOF-TOF, iontrap-orbitrap and triple quadrupole (3Q). For this study a triple quad-

rupole instrument have been used. 

Quadrupole mass analyzers offers three main advantages: they tolerate relatively high pres-

sures, which makes them well-suited for combining with ESI sources, they are capable of ana-

lyzing mass charges up to m/z of 4000, which is very useful when analyzing proteins and 

other biomolecules, and they are relatively low cost instruments [14]. For having the pos-

sibility to do tandem mass analysis with this type of instrument it is necessary to place two or 

more quadrupoles in series.   

 

Figure 10 A schematically sketch of a single quadrupole.  
Reference: <http://www.chm.bris.ac.uk/ms/images/quad-schematic2.gif> 

Each separate quadrupole in a triple quadrupole instrument has a function [14]. The first 

quadrupole (Q1) is used to either scan across a chosen m/z range or to select one ion of special 

interest. The second quadrupole (Q2) is a collision cell which is able to either fragment a 

specific ion selected in Q1 or transmit a selected ion from a scan in Q1. This can be obtained 

introducing a collision gas (often argon or helium) into the flight path of the selected ion be-

fore transmitting it to the third quadrupole (Q3). The third quadrupole is then analyzing the 

fragment. 

 
Figure 11 A schematically sketch of a triple quadrupole.  

Reference: <http://www.bercaniaga.com/a.jpg> 
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Different types of mass spectrometry analysis can be done with a 3Q instrument; full scan 

analysis, multiple reaction monitoring (MRM), selected ion monitoring (SIM), product ion 

and neutral loss scanning. These different types of analysis methods give different types of 

information and can be combined when analyzing a sample. In this study full scan analysis, 

product ion analysis, SIM analysis and neutral loss scanning has been used. Full scan analysis 

has been used to identify the derivatizationproducts resulting from the biotinylation labeling 

reactions and for the analysis of the affinity purification. Product ion analysis has been used to 

investigate the fragmentation of the major derivatizationproducts found with full scan 

analysis. SIM analysis has been used for the study of the reaction yield and neutral loss 

scanning to investigate the possibility to get the original amine-/amide molecule back during 

fragmentation.  

With a full scan analysis all ions in the solution is detected and plotted against time in a so 

called total ion chromatogram (TIC). In a SIM analysis one or more specific ions are selected 

to be detected, no other will be seen in the chromatogram. This method gives higher sensi-

tivity than a full scan analysis. In the MRM analysis one specific ion is selected to be detected 

in the first quadrupole (Q1), which then is allowed to fragment in the second quadrupole, the 

collision cell. In the third quadrupole (Q3) one specific fragment ion, to the ion selected in 

Q1, is selected to be detected. In a neutral loss scan the first quadrupole is scanning all 

masses, while the second is scanning at a set offset from the first analyzer. This offset 

corresponds to a neutral loss that is commonly observed for the specific class of compounds. 

In a product ion scan a precursor ion is selected in the first quadrupole, allowed to fragment in 

the second and then all resultant masses are scanned in the third mass analyzer. 

2.3 Metabolomics 
Metabolomic experiments based on MS are performed in one of two ways: targeted or un-

targeted, depending on type of question and experimental design [5]. A targeted analysis is 

used when focus lays on specific metabolites in for example a specific pathway or a class of 

molecules. Frequently used in targeted analysis is stable isotope labeled internal standards and 

multiple reaction monitoring (MRM) for absolute quantitation. In the untargeted analysis 

approach on the other hand, metabolites are measured as metabolite features or masstime tags, 

with an intensity value attached. If MS is used for the untargeted approach, a scanning across 

the full mass range (typically m/z 100-2000) is made, and from this there is a possibility to see 

the relative concentrations of the different molecular features observed. A multivariate com-

parison between different experiments can reveal which molecular features should be taken 

further to identification. These two diverse types of profiling strategies give both different 

amount and type of information. With the untargeted approach more information is obtained 

(most of the information found in a targeted analysis can be found also with this method), but 

the quantitation is not as good as with the targeted method, where internal standards are used. 

Because of lack of trust to the quantitation from an untargeted analysis this should be 

followed up with a targeted analysis once candidate markers are discovered. One more 

advantage with the targeted analysis is the increasing of sensitivity, and that detection of ions 

that are missed by an untargeted analysis strategy.  

2.4 Metabolites 
Metabolites originate from the cellular and physiological metabolism [11]. The collective 

group of all metabolites, the metabolome, is a consequence of the biochemistry and the bio-

chemical pathways that a cell or tissue uses to promote survival. Metabolites can be inter-

mediates in metabolic pathways such as the Krebs cycle, glycolysis or amino acid meta-

bolism, but they can also constitute post translational modification of proteins required for 

activity or inactivation such as carbohydrates in glycoproteins. Metabolites are not coded 



19 

 

directly into the genome, as mRNA and proteins are, and because of this, it is not possible to 

predict from the genome exactly how many metabolites an organism possesses. Analysis of 

the metabolome can be done to reveal changes of specific metabolites which can be a mani-

festation, a reason or a consequence of for example a disease. The metabolome is a term for 

describing the total collection of all metabolites in a living cell, organism or tissue. By 

analyzing the metabolome it is attainable to get information of the differences in the under-

lying metabolic pathways. Mapping of the metabolic pathways through metabolomics has 

potential for improving the understanding of diseases on a molecular level and thereby deve-

lop new drugs and therapies. 

2.5 Biomarkers 

Biomarkers refer to modifications, such as a concentration change, of endogenous metabolites 

that correlate with a particular phenotype when compared to a control phenotype [16]. The 

biomarker is a biological molecule, which can be found in either body fluids or other tissues, 

that can give an indication of a normal or an abnormal process, condition or disease [17]. Bio-

markers can be used in many purposes; to diagnose, select therapy for a specific diagnose, 

evaluate the effect of the chosen therapy and monitor disease progression [16].  

2.6 Tested amines and amides 
The primary/secondary amines chosen to be used for this study are phenylalanine, histamine 

and spermidine and the amide chosen is nicotinamide. The reason for choosing this is to have 

the opportunity to see differences in the number and proportion of the labeling reaction pro-

ducts. Some of these molecules have the possibility to react in several ways resulting in mul-

tiple products.   

All of these molecules are naturally occurring in the human body.  

2.6.1 Phenylalanine 
Phenylalanine is one of the 20 common amino acids that are building-blocks of proteins and is 

essential for the human health [18]. Though, the body cannot form this molecule by itself, 

which means that we need to get it through our food. 

Phenylalanine is one of few amino acids that have an aromatic ring in its side chain [19]. This 

aromatic structure, because of its absorbance and fluorescence spectral properties, is very use-

ful in quantifying proteins and analyzing its structural properties.  

 

 
 

 
 

Figure 12 Structural formula of phenylalanine. 

2.6.2 Histamine 
Histamine is a basic monoamine naturally occurring in the most of the human tissues [20]. It 

is present at high levels in the skin and lungs, where it serves as a mediator of inflammation 

and is involved in many allergic and immune reactions. It is found in particularly high con-

centrations in the gastrointestinal tract, where it is involved of the secretion of hydrochloric 

acid in the gastric. 

  

OH

O

NH2
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Histamine produces effects by acting on the human histamine receptors on target cells [20]. 

The main actions are the stimulation of the gastric secretion of hydrochloric acid, the contrac-

tion of most smooth muscles, the cardiac stimulation, vasodilatation and the increasing vas-

cular permeability. Histamine is also involved in many central nervous system (CNS) func-

tions and serves for example as a neurotransmitter in the brain.  

NH

N

NH2

 
Figure 13 Structural formula of histamine. 

2.6.3 Spermidine 
Spermidine plays an important role for some of the most basic genetic processes in the body, 

such as DNA synthesis and gene expression [21]. Spermidine is a triamine that are bound to 

DNA in male semen and other body tissues.  

The binding of other proteins to DNA may be modulated, depending on the concentration of 

polyamines, such as spermidine, in the nucleus, which could facilitate the progression of 

enzymes along the DNA chain in a chromatin environment [21]. 

NH2NH
NH2  

Figure 14 Structural formula of spermidine. 

2.6.4 Nicotinamide 
Nicotinamide is a derivative of nicotinic acid (niacin), which is one of the water-soluble B 

complex vitamins [22, 23]. The B vitamins do often function as coenzymes in metabolic reac-

tions that take place in almost all cells.  

Nicotinamide is a major component of both NAD and NADP [23], which both are important 

biological intermediates in metabolic pathways where they function as electron carriers. NAD 

is an intermediate in the catabolism, citric acid cycle, fatty acid metabolism and glycolysis, 

and the NADP is involved in the pentose phosphate pathway, photosynthesis and reductive 

biosynthesis.  

N O

NH2

 
Figure 15 Structural formula of nicotinamide. 

2.7 The Avidin-Biotin system 

Biotin is a vitamin (known as vitamin H) that is present in every living cell. The molecule has 

a valeric acid side chain, which has the possibility to be derivatized to incorporate diverse 

reactive groups that are used to attach other biotin molecules [24]. By taking usage of these 

reactive groups the biotin molecule can be attached to the most of proteins and other mole-

cules. There are different reagents available for the biotinylation of a variety of functional 

groups on the market: primary amines, sulfhydryls, carbohydrates and carboxyls.  

Once a biotin molecule is attached to another molecule it can be affinity-purified by using an 

immobilized version of any biotin-binding protein, for example the protein avidin. The 
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avidin-biotin complex arising from the reaction between the protein and the vitamin, is the 

strongest known irreversible non-covalent [24, 25] interaction, in nature, between a protein 

and a ligand [26]. The avidin-biotin complex has an affinity constant (Ka) as high as 1.7×10
15

 

M
-1

. This property is the basis of the many useful applications of this system. The highly 

specific interaction of the system is very helpful in designing nonradioactive purification and 

detection systems [23]. Because of the strong binding in the complex the procedure is also 

allowed to be undertaken with the most severe conditions [25]. 
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Figure 16 Structural formula of the biotin molecule.  
Reference: <http://www.thermo.com/eThermo/CMA/PDFs/Articles/articlesFile_50981.pdf> 

The avidin molecule contains five water molecules in absence of biotin that defines the struc-

ture within the binding site for the biotin molecule [26]. This water is necessary for the main-

taining of the shape in the binding site prior to interaction between avidin and biotin. When 

the biotin molecule binds to the avidin molecule the water molecules depart from the binding 

site. If the water molecules positioned at the binding site undergoes any modifications, or re-

moves from its place, the affinity will be lower. 

The biotin molecule binds to avidin, streptavidin and Thermo Scientific NautrAvidin Biotin-

Binding Protein [24], who all is biotin-binding proteins that are being used as immobilized 

column materials for the purification. The monomeric avidin agarose, which has been used in 

this experiment, allows a gentler elution and recovery of the biotinylated molecules unlike 

others, which require harsh denaturing conditions. The recovering of bound molecules is 

made by using a biotin solution or by lowering the pH. The monomeric avidin binds rever-

sible to the biotin and competes for the biotin binding sites. This makes it possible to take 

usage of the avidin-biotin interaction as a purification method to recover functional proteins 

and other biological molecules.  

 
Figure 17 The avidin-biotin complex.  

Reference: Livnah O. et al. Proc. Natl. Acad. Sci. 1993, vol. 90, no. 11, 5076-5080, Three-dimensional structures of 

avidin and the avidin-biotin complex, USA. Department of Structural Biology, Weizmann Institute of Science, 
Rehovot, Israel 
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The applications of this system have earlier mostly been in the molecular biology, biotech-

nology and for isolation and diagnostic purposes in clinical laboratories [26]. Nowadays there 

are studies made for applying the system in other disciplines, for example in medicine, phy-

sics and chemistry. In medicines it is for example being used to target antibodies and 

therapeutic molecules to reduce drug dose in normal tissues compared with conventional [27]. 

The goal of this method is to increase the concentration of the drug in the cells adjacent to the 

cells responsible for disease without affecting healthy cells. The targeting can both reduce un-

wanted side effects and increase efficacy of drugs in the patient. This is a good approach in 

cancer treatment because the broad range of unwanted side effects on healthy cells resulting 

from the therapy.  

2.7.1 Biotin labeling reaction 
In the reaction of Sulfo-NHS-Biotin with a primary amine an amide bond is formed and a 

Sulfo-NHS group is leaving [24]. Here is an example of this type of reaction with the primary 

amine phenylalanine. 

 
Figure 18 Reaction of Sulfo-NHS-Biotin with the primary amine phenylalanine. Reference: 

<http://www.thermo.com/eThermo/CMA/PDFs/Articles/articlesFile_50981.pdf> 
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3 Experimental 
The experimental is divided into three parts. The first part includes the chemicals and 

materials that have been used for this study, the second part includes the sample preparation 

and the third part the instrumental conditions. 

3.1 Chemicals and materials 
Chemicals and solutions used for these analyses are phenylalanine (Sigma Aldrich, purity 

>96%); spermidine (Sigma Aldrich, purity >96%); histamine (Sigma Aldrich, purity >96%); 

nicotinamide (Sigma Aldrich, purity >96%); EZ Link Sulfo-NHS-Biotin (Thermo Scientific 

Product No. 21217); D-biotin (Thermo Scientific Product No. 29129); Pierce Monomeric 

Avidin Agarose (Thermo Scientific Product No. 20228), Glycine (Sigma Aldrich, purity 

>96%); Phosphate Buffered Saline, PBS (Thermo Scientific); water (Millipore), and the 

materials used for this study are Pierce Centrifuge Columns, 5 ml (Thermo Scientific Product 

No. 89897); Eppendorf tubes, 2 ml (VWR). 

3.2 Instrumental conditions 
Two different types of LC systems have been used for this study. For the first tests a 3Q LC-

MS have been used, and for the later tests a Q-TOF LC-MS have been used.  

Mass spectrometry 

Mass spectrometry was mostly performed using a 3Q LC/MS (Agilent Technologies 6410) 

operated in a positive mode with an electrospray ionization source, but also an Accurate-Mass 

Q-TOF LC/MS (Agilent Technologies 6530) with an electrospray ionization source was used 

for the later experimental tests.  
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Table 1 demonstrates the different types of mass analysis and conditions that have been used 

for each amine in the experimental tests for this study.  

Table 1 MS/MS analysis of the amines. 

Amine MS/MS m/z Scan Collision energy 

Phenylalanine  SIM 392 
  (biotin labeled) Neutral loss 226 300-600 20 

 
Neutral loss 226 300-600 30 

 
Neutral loss 226 300-600 40 

 
Full scan 

 
100-700 

 Spermidine SIM 372 
  (biotin labeled) Neutral loss 226 300-600 20 

 
Neutral loss 226 300-600 30 

 
Neutral loss 226 300-600 40 

 
Product ion  372 70-360 20 

 
Full scan 

 
100-700 

 Histamine SIM 338 
  (biotin labeled) Neutral loss 226 300-600 20 

 
Neutral loss 226 300-600 30 

 
Neutral loss 226 300-600 40 

 
Full scan 

 
100-700 

 Phenylalanine (pure) SIM 392 
  Spermidine (pure) SIM 372 
  Histamine (pure) SIM 338 
   

Reversed-phase liquid chromatography 

Reversed phase liquid chromatography was performed on an Agilent Eclipse XDB-C18 (3.5 

µm 2.1 × 150 mm) column and a flow rate at 0.20 µl/min. Water (A) and acetonitrile with 

1 % acetic acid
1
 (B) was used as mobile phase. Gradient chromatography has been used in 

two different manners demonstrated in figure 19. 

 
Figure 19 Gradient chromatography. 

                                                
1 Acetic acid was added to deactivate unreacted silanol groups in the stationary phase. 
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3.3 Sample preparation 
The sample preparation is divided into four parts. The first part includes the investigation of a 

possibility to achieve a biotinylation of the primary/secondary amines phenylalanine, spermi-

dine and histamine and the amide nicotinamide. The second part includes the analyzing of the 

biotin labeling reaction of the amines phenylalanine, spermidine and histamine. The third part 

includes the investigation of the reaction yield from the biotinylation labeling reaction and the 

last part includes the investigation of the affinity purification of a biotinylated molecule and 

yeast cell extract, made both on columns and in Eppendorf tubes. 

3.3.1 Biotin labeling reaction detected with MS 
The biotin reagent is moisture-sensitive and has to be stored at -20°C. To avoid moisture con-

densation the vial was first removed from the freezer and equilibrated to room temperature. A 

100 µM amine/amide solution was prepared in ultrapure water by adding 8 µl of the 25 mM 

amine/amide original solution to 1.952 ml water.  

A 10 mM solution of the biotin reagent was prepared by adding 500 µl of ultrapure water to 

2.2 mg of reagent. A volume of 40 µl of the 10 mM biotin reagent solution was added to the 

amine/amide solution to achieve a biotin reagent concentration of 200 µM. The reaction was 

incubated at room temperature for 30 minutes to get the reaction labeling completed before 

detection with 3Q MS full scan analysis.  

Before detection the solution was diluted 1:1 in acetonitrile.  

3.3.2 Biotin labeling reaction analyzed with LC-MS 
The biotin reagent vial was removed from the freezer and equilibrated to room temperature. A 

100 µM amine solution was prepared by adding 8 µl of 25 the mM amine original solution to 

1.952 ml of PBS.  

A 10 mM origin solution of the biotin reagent was prepared by adding 500 µl of ultrapure 

water to 2.2 mg of the reagent. A volume of 40 µl of the 10 mM biotin reagent solution was 

added to the amine solution to achieve a biotin reagent concentration of 200 µM. The reaction 

was incubated at room temperature for 30 minutes to get the reaction labeling completed 

before analysis with 3Q LC-MS full scan analysis, SIM analysis and neutral loss scanning. 

3.3.3 Reaction yield 
Three pure amine samples (phenylalanine, spermidine and histamine) was prepared by dilu-

ting 4 µl of the amine original solution to 1 ml in PBS buffer (an achieved concentration of 

100 µM amine), and three similar samples also containing the biotin reagent was prepared by 

diluting 4 µl of the amine original solution plus 20 µl of the biotin reagent solution to 1 ml in 

PBS buffer (molar ratio 1:2). 

Also four samples containing higher concentration of the biotin reagent, molar ratio 1:10, was 

prepared by diluting 4 µl of the amine original solution (phenylalanine and histamine only, 

two samples each) plus 100 µl of the biotin reagent to 1 ml in PBS buffer. One of each sample 

was incubated at room temperature for 30 minutes and the other one in 60°C for 30 minutes, 

to see differences arising from different incubation temperatures.  

The samples were analyzed with 3Q LC-MS SIM analyses. 

3.3.4 Affinity purification of a biotinylated molecule 
The affinity purification of a biotinylated molecule has been done in two different ways: on 

columns and in Eppendorf tubes. 
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Here is an overview for the performance of the affinity purification of a biotinylated molecule 

that has been done in the following tests. 

 

Figure 20 An overview of the performance for the affinity purification of a biotinylated molecule. The flow through, 
washes and eluates has been analyzed with LC-MS. 
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Affinity purification on columns 

The affinity purification on columns has been done from without a standard procedure from 

Thermo Scientific; INSTRUCTIONS Pierce® Monomeric Avidin Agarose.  

A regeneration buffer was prepared by solving 3.75 g glycine in 500 ml ultrapure water and 

buffered to pH 2.8 with 12 M HCl, and a biotin blocking/elution buffer was prepared by 

solving 4.9 mg of D-biotin in 10 ml of PBS-buffer. 

The column (Pierce centrifuge columns, 5 ml), resin slurry (Monomeric avidin agarose, 50 % 

slurry) and degassed buffers were equilibrated to room temperature. Air bubbles from the 

below the disc in the column was removed by filling the column half full with PBS buffer. 

The buffer was decanted and the empty column was placed upright with the bottom cap in 

place. The monomeric avidin agarose slurry was swirled and 1 ml settled to the column. The 

resin was settled in the column for 30 minutes before use. After the 30 minutes the bottom cap 

was removed and the buffer drained from the column.  

The column was first washed with 2 ml of PBS buffer. Second 1.5 ml of the biotin blocking-

/elution buffer was added to block the non-reversible biotin binding sites, and then 3 ml of the 

regeneration buffer was added to eliminate biotin from the reversible binding sites. The 

column was then washed with 2 ml of PBS buffer again. The bottom of the column was 

capped and 100 µl of the biotinylated amine sample was loaded to the resin. When the sample 

had got into the resin, 400 µl of PBS buffer was added to force the sample completely into the 

resin bed. The top of the column was capped and the biotinylated amine sample was allowed 

to incubate on the column for 30 minutes to increase the binding. After incubation, the cap on 

the top was removed and the eluate was saved in an Eppendorf tube (flow through). 500 µl of 

PBS buffer was added twice to wash the slurry and the eluate was saved in two different tubes 

(wash 1 and 2). 500 µl of regeneration buffer was added to the column four times to eluate the 

bound biotinylated molecules. The eluate was saved in two different tubes (500 µl in eluate 1 

and the after coming 1.5 ml in eluate 2). The column was washed with 1 ml of regeneration 

buffer twice and the eluate was saved (wash 3 and 4). The column was then prepared for 

storage by washing with 1.5 ml of PBS buffer. The bottom cap was placed and some addi-

tional PBS buffer was added on the column before replacing the top cap. The column was 

stored in 4°C. 

The samples used in this part are the biotinylated phenylalanine and histamine solutions 

(molar ratio 1:10) diluted in PBS buffer, incubated at room temperature, prepared in section 

3.3.3. Also a comparable solution of spermidine (molar ratio 1:10) was prepared in the same 

way as earlier and used in this part. 

The eluates were speedvaced and diluted to 100 µl in water before analyzing with 3Q LC-MS 

full scan analysis.  

Affinity purification in Eppendorf tubes 

The affinity purification in Eppendorf tubes has been made three times with different mole of 

analyte set to the avidin slurry. The result from Test 1 reflected an indication that the slurry 

had been overloaded. Test 2 and Test 3 aims to find a more appropriate mole of analyte to set 

to the avidin slurry without getting an overload. 

Test 1 

This reaction was performed in the same way as the one for the affinity purification on 

columns, with the exception of one hour incubation time instead of 30 minutes. The per-
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formance was also done in an Eppendorf tube instead of a column. After application of buffer 

or sample the slurry solution was vortexed and centrifuged (to get the slurry at the bottom of 

the tube). After centrifuged the slurry solution the flow through, wash 1 and 2, eluate 1 and 2 

and wash 3 and 4 was decanted to another tubes.    

For this analyze the faster MS gradient was used (figure 19). Other parameters and instru-

mental conditions the same as earlier.  

Test 2 

This test was performed in the same way as Test 1, with the exception of an application of 20 

µl biotinylated amine sample instead of 100 µl. Only the phenylalanine was used for this test. 

From this test the flow through, wash 1, 2 and 3, eluate 1, 2, 3 and 4, and wash 4, 5 and 6 was 

decanted and saved, all 500 µl each. 

After speedvacing the samples they were diluted to 20 µl and analyzed with the Q-TOF LC-

MS system, full scan analysis. 

Test 3 

This test was also performed in the same way as Test 2, with the exception of a smaller app-

lication of sample. The phenylalanine solution incubated at room temperature (molar ratio 

1:10) was diluted 1:100 (10 µl of the biotinylated phenylalanine solution was added to 990 µl 

of PBS buffer) and used for this test. Also a control solution of the diluted biotinylated 

phenylalanine without purification on the avidin slurry was analyzed. 

The test tubes flow through, wash 3, eluate 1, 2, 3 and 4 was analyzed with Q-TOF LC-MS 

full scan analysis. 

Affinity purification of cell extracts in Eppendorf tubes 

The affinity purification of cell extracts in Eppendorf tubes was made in two different ways. 

In the first test the yeast cell extract was reacted with the diluted biotinylated phenylalanine 

solution, and in the second the yeast cell extract was only reacted with the biotin reagent.  

Yeast cell extraction 

A yeast cell pellet was respuspended in 80:20 methanol/water and transferred to an Eppendorf 

tube. Two spoons of glass beads were added and the solution was shaked and stored in -20°C 

for 20 minutes. Afterwards, the solution was centrifuged at 15000 rpm in 4°C for 15 minutes 

and the supernatant was transferred to a new Eppendorf tube and speedvaced. After speed-

vacing the pellet it was redissolved in 80:20 methanol/water. 

Test 1 

1 µl of the 1:10 biotinylated phenylalanine solution was added to 99 µl of the yeast cell ex-

tract. 20 µl of the sample was then loaded and purified on the avidin slurry and the flow 

through, washes and eluates were decanted. A control solution of the yeast cell extract reac-

ted with the biotinylated phenylalanine solution without purification on the avidin slurry was 

also prepared and analyzed. 

The eluate 1 and 2 and control solution was analyzed with the Q-TOF LC-MS full scan 

analysis. 

Test 2 

10 µl of the 10 mM biotin reagent solution was added to 90 µl of the yeast cell extract. After 

incubating for one hour the solution was diluted 1:100; 10 µl of the solution was added to 
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990 µl of PBS buffer. 20 µl of the diluted biotinylated yeast cell extract was loaded on the 

avidin slurry and the flow through, washes and eluates was decanted and saved as earlier. A 

control solution of the biotinylated yeast cell extract without purification on the avidin slurry 

was also prepared and analyzed.  

The control solution and eluate 1 and 2 was analyzed with the Q-TOF LC-MS full scan 

analysis.  
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4 Calculations 
Calculations made for preparing original solutions and buffers, and dilutions made for biotin 

labeling reactions is here represented. 

4.1 Origin solutions 
Below follows calculations that have been done for preparing original solutions. 25 mM 

original solutions for phenylalanine, spermidine, histamine and nicotinamide have been 

prepared.  

Camine/amide = 25 mM 

Vtot = 2 ml 

𝑛 = 𝐶 × 𝑉 

namine/amide = 0.050 mmole 

Mspermidine = 145.16 g/mole 

Mphenylalanine = 165.19 g/mole 

Mhistamine = 111.08 g/mole 

Mnicotinamide = 122.05 g/mole 

𝑚 = 𝑛 ×𝑀 

mspermidine = 7.3 mg 

mphenylalanine = 8.3 mg 

mhistamine = 5.6 mg 

mnicotinamide = 6.0 mg 

4.2 Buffers 
Below follows calculations that have been done for preparing the buffer solutions used for 

affinity purification. 

4.2.1 Biotin blocking/elution buffer, 2mM D-biotin in PBS 
CD-biotin buffer = 2 mM 

VD-biotin buffer = 10 ml 

From equation: 

nD-biotin = 0.02  mmole 

 

MD-biotin = 244.31 g/mole 

From equation: 

mD-biotin = 4.9 mg 

4.2.2 Regeneration buffer, 0.1 M Glycine pH 2.8 
Cglycine buffer = 0.1 M 

Vglycine buffer = 500 ml 

From equation: 

nglycine = 0.050 mole 
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Mglycine = 75.07 g/mole 

From equation: 

mglycine = 3.75 g 

4.3 Biotin labeling reactions 
Below follows calculations that have been done for the biotin labeling reactions of the model 

compounds. 

4.3.1 Dilution of amine/amide in ultrapure water (MS) or PBS (LC-MS) 
Coriginal solution (C1) = 25 mM 

Camine/amide (C2) = 100 µM 

Vtot (V2) = 2 ml (1 ml) 

𝐶1 × 𝑉1 = 𝐶2 × 𝑉2  

Voriginal solution (V1) = 8 µl (4 µl) 

4.3.2 Dilution of biotin solution in amine/amide solution 
Molar ratio 1:2 (amine/amide:biotin reagent) 

Cbiotin original solution (C1) = 10 mM 

Cbiotin (C2) = 200 µM 

Vtot (V2) = 2 ml 

From equation: 

Vbiotin original solution (V1) = 40 µl 

Molar ratio 1:10 (amine/amide:biotin reagent) 

Cbiotin original solution (C1) = 10 mM 

Cbiotin (C2) = 1 mM 

Vtot (V2) = 1 ml 

From equation: 

Vbiotin original solution (V1) = 100 µl 
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5 Results 
Results from each part of the experimental procedure are here represented in figures and 

tables.  

5.1 Biotin labeling reactions detected with MS 
Below follows the result from the single state MS detection of the biotin labeling reactions of 

phenylalanine, spermidine, histamine and nicotinamide. Expected peaks, other significant 

peaks and fragment ions are represented. The purpose with these tests were to see if it is 

possible at all to achieve a biotinylation labeling of the chosen model compounds, and also to 

get an indication if it may be possible to get the original amine-/amide molecule back during 

fragmentation. 

5.1.1 Phenylalanine 
From direct infusion single state MS detection, Q1 scan, of the biotin labeling reaction of 

phenylalanine peaks for m/z 392 and 131 could be seen of the expected ions, however the 

peak for m/z 131 was very small. Also peaks for m/z 120, 146, 188, 245, 267 and 372 could be 

seen. The most intense peak was 372 while the other were almost in the same, or in a little bit 

higher abundance, than the peak for m/z 392.  

While chosen m/z 392 as precursor ion and fragmentation was made (collision energy 15) an 

increasing abundance of the peaks for m/z 346, 227, 120 and 166 could be seen, in order of 

size. With higher collision energy (20/30) the peaks for m/z 227, 120 and 166 were increasing 

while 346 was decreasing. During fragmentation of m/z 131 a peak for m/z 103 could be seen 

and was increased while increasing the collision energy. 

Table 2 Result from the direct infusion single state MS detection of the biotin labeling reaction of phenylalanine. 

Mw z (charges) Expected m/z Result Approx. 

Abundance 

MS/MS fragments (bold 

base peak) m/z 
391 1 392 Found 2×10

5
 120, 166, 227, 346 

 2 196 -   

 3 131 Found 5×10
4 

103 

 

5.1.2 Spermidine 
From direct infusion single state MS detection of the biotin labeling of spermidine the peaks 

for m/z 598, 372 and 186 could be seen of the expected ions. The most intense peaks were for 

m/z 598 and 372 (598 a little bit higher than 372). Also the expected peaks for m/z 100, 120, 

124, 150, 200, 207, 275 and 299.5 could be found, though very small. A significant peak for 

m/z 178 could be seen, and also peaks for m/z 146, 148, 284, 301 and 600.  

During fragmentation of precursor m/z 372 the peaks for m/z 72, 226, 227, 284 and 355 were 

increased. The most intense peak was for m/z 284, followed by 72, 226 and 227; almost the 

same abundance among them, and the least intense peak was for m/z 355. While 

fragmentation of the peak for m/z 598 the same peak as for the fragmentation of m/z 372, 284, 

was the most intense. Also minor peaks for m/z 227, 315 and 355 were found. Very high 

collision energy was needed (40) to obtain a fragmentation of this ion. The ion 284 does 

mostly fragment to the ions for m/z 97, 123, 166, 226 and 227. 
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Table 3 Result from the direct infusion single state MS detection of the biotin labeling reaction of spermidine. 

Mw z ( charges) Expected m/z Result Approx. 

Abundance 

MS/MS fragments (bold base 

peak) m/z 
371 1 372 Found 5×10

6
 72, 226, 227, 284, 355 

 2 186.5 Found 6×10
5
  

 3 124 Found 1.5×10
3
  

 4 93 -   

 5 75 -   

597 1 598 Found 8×10
6
 227, 284, 315, 355 

 2 299.5 Found 1.5×10
5
  

 3 200 Found 1×10
4 

 

 4 150 Found 2×10
4
  

 5 120 Found 6×10
4
  

 6 100 Found 2×10
4
  

 7 86 -   

823 1 824 -   

 2 412.5 -   

 3 275 Found 1×10
4
  

 4 207 Found 1×10
4
  

 5 166 Found 3×10
4
  

 6 138 -   

 7 118.5 -   

 8 104 -   

 

5.1.3 Histamine 
From direct infusion single state MS detection of the biotin labeling of histamine peaks for 

m/z 564, 338, 283 and 113 could be seen of the expected ions. The most intense abundance 

was found for the peak of m/z 338, others were very small. Also peaks for m/z 339 and 112 

were found in a quite intense abundance.  

During fragmentation of precursor m/z 338 the peak for m/z 95 and 112 were increased 

(higher collision energy increases the amount of m/z 95), which also was the case during 

fragmentation of m/z 339, but here did also peaks for m/z 96 and 113 increased. Also in the 

case of fragmentation of 339 the amount of m/z 95 did increase while increasing collision 

energy. Fragmentation of m/z 564 gave mostly increasing peaks for m/z 338, but also some 

increasing for peaks for m/z 320, 120 and some for 112. At higher collision energy also the 

peak for m/z 95 show up.  

Table 4 Result from the direct infusion single state MS detection of the biotin labeling reaction of histamine. 

Mw z (charges) Expected  m/z Result Approx. 

Abundance 

MS/MS fragments (bold 

base peak) m/z 
337 1 338 Found 9×10

6
 95, 112 

 2 169.5 -   

 3 113 Found 1×10
5
  

 4 85 -   

563 1 564 Found 3×10
5
 95, 112, 120 320, 338 

 2 283 Found 5×10
4
  

 3 189 -   

 4 142 -   

 5 113.5 Found 1×10
5
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5.1.4 Nicotinamide 
No expected peaks were found in an intense abundance from the biotin labeling reaction of 

nicotinamide. A peak for m/z 249 could be seen but at a very low abundance. The most 

intense peak was for m/z 123. Other peaks seen in the chromatogram were for m/z 267, 451, 

466, 473 and 511. 

Table 5 Result from the direct infusion single state MS detection of the biotin labeling reaction of nicotinamide. 

Mw z (charges) Expected m/z Result Approx. 

abundance 

MS/MS fragments (bold 

base peak) m/z 
348 1 349 -   

 2 175 -   

 3 117 -   

 

5.2 Biotin labeling reaction analyzed with LC-MS 
From the LC-MS full scan analysis (100-700) the derivatization products for each compound 

can be identified. Also the MS neutral loss scanning (scan/scan, 300-600) results are of 

importance to see if it is possible to get the origin amine molecule back after a biotinylation 

labeling.   

5.2.1 Derivatization products 
Below follows the resultant derivatization products, represented in percentage, from the biotin 

labeling reaction of each amine. No consideration has been taken for the minor peaks.  

From the biotinylation labeling reaction of phenylalanine one major derivatization product 

was formed (m/z 392).  

 
Figure 21 Resulting derivatization products from the biotinylation labeling reaction of phenylalanine. 
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From the biotinylation labeling reaction of spermidine two major derivatization products were 

formed (m/z 598 and 372).  

 
Figure 22 Resulting derivatization products from the biotinylation labeling reaction of spermidine. 

From the biotinylation labeling reaction of histamine one major derivatization product was 

formed (m/z 338).  

 

Figure 23 Resulting derivatization products from the biotinylation labeling reaction of histamine. 

  



36 

 

5.2.2 Neutral loss 
Here follows the results, represented with a total ion chromatogram (TIC) and spectra, from 

the neutral loss scanning of each amine.  

From the MS neutral loss scanning (300-600) of the biotinylated phenylalanine a peak for m/z 

392 could be found. 

 
Figure 24 TIC and spectra from a neutral loss scan of the biotinylated phenylalanine.  

From the MS neutral loss scanning (300-600) of the biotinylated spermidine no peak for m/z 

372 could be found. The visible peak with a counts vs. acquisition time of approximately 17.5 

minutes is m/z 451. 

 
Figure 25 TIC from a neutral loss scan of the biotinylated spermidine. 
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From the MS neutral loss scanning (300-600) of the biotinylated histamine a peak for m/z 338 

could be found. 

 
Figure 26 TIC and spectra from a neutral loss scan of the biotinylated histamine. 

5.3 Reaction yield 
From the MS SIM analyses it can be seen that the reaction yield for each amine is at very 

different levels. Phenylalanine do only has a reaction yield of 5 %, while the histamine and 

spermidine have an approximately reaction yield of 50 %.  

Table 6 Reaction yield from the 1:2 molar ratio solutions. 

Amine m/z Unreacted (A) Reacted (A) % biotinylated amine 

Phenylalanine 166 1 567 918 1 491 917 5 

Histamine 112 323 754 154 957 52 

Spermidine 146 831 441 453 641 45 

 

 
Figure 27 Decreased peak area for the non biotinylated molecule after a biotinylation labeling reaction. 
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While increasing the molar ratio between the biotin reagent and the phenylalanine, the amount 

of non biotinylated amine was decreased, which indicates that a larger amount of the amine 

have been biotinylated.  

 
Figure 28 Decreasing peak area of the non biotinylated phenylalanine while increasing the amount of biotin reagent. 

While increasing the incubation temperature from room temperature to 60°C a slightly higher 

degree of successful biotinylation labeling reaction was achieved.  

Table 7 Peak area variation from increasing incubation temperature. 

Amine m/z Area biotin labeled 

incubated at room 

temp. 

Area biotin labeled 

incubated at 60°C 

Difference (A) Decreasing/ 

Increasing 

(%)  

Phenylalanine 166 1 215 977 788 939 - 427 038 35 

 392 11 340 653 11 451 830 + 111 177 1 

Histamine 112 308 115 273 364 - 347 51 11 

 

 
Figure 29 Peak area differences of the non biotinylated amine (m/z 166 and m/z 112) resulting from incubation at 

different temperatures, and peak area difference of the biotinylated amine (m/z 392) resulting from different 
incubation temperatures. 
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5.4 Affinity purification of a biotinylated molecule 
The affinity purification of a biotinylated molecule was made in two different ways: on 

columns and in Eppendorf tubes. The performance were been made with different sample 

volumes and diverse degree of dilution. Below follows the result from each test.  

5.4.1 Affinity purification on columns 
From the affinity purification on columns of the biotinylated phenylalanine it was seen that 

most of the biotinylated sample was eluting before any elution buffer have been added to the 

column. But there is still some of the analyte eluting in connection with the added elution buf-

fer. Some of the analyte is also still eluting during the later washes.  

 
Figure 30 Relative peak intensities, from the TIC, of the eluted biotinylated phenylalanine towards the control sample, 

which have not gone through any affinity purification.  

From the affinity purification of the biotinylated spermidine it can be seen that also in this 

case some of the analyte is eluting before the elution buffer have been added, but in this case 

the most of the analyte is eluting in connection with the adding of elution buffer. Also here 

there is some of the analyte eluting during the later washes.  

 
Figure 31 Relative peak intensities, from the TIC, of the eluted biotinylated spermidine towards the control sample.  
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From the affinity purification of the biotinylated histamine no control sample or flow through 

are available to compare with, but it can still be seen that also in this case a large amount of 

the analyte is eluting before the elution buffer have been added. Some of the analyte is still 

eluting in connection with the adding of elution buffer, but in this case there is still a large 

amount f the analyte eluting during the later washes.  

 
Figure 32 Relative peak intensities, from the TIC, of the eluted biotinylated histamine towards the control sample.  

5.4.2 Affinity purification in Eppendorf tubes 
The affinity purification of a biotinylated molecule made in Eppendorf tubes has been made 

in four different manners.  

Test 1 

The result from the first test is very similar to the result of the affinity purification of a bio-

tinylated molecule made on columns, with the exception of a larger peak for the flow through, 

which is exemplified with phenylalanine in figure 33 below. 

 
Figure 33 Relative peak intensities, from the TIC, of the eluted biotinylated phenylalanine towards the control sample. 

In comparison to figure 29 the total ion intensity from the flow through is much larger when the performance has 

been made in Eppendorf tubes instead of on columns. The rest of the peak intensities are almost the same as in figure 
29. 
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Test 2 

From the affinity purification test where a smaller sample volume (20 µl) has been added to 

the slurry, the peak intensities of the flow through and first three washes are less significant, 

or in the same abundance, than the intensities of the eluates. Some of the analyte are still elu-

ting during the later washes.  

 
Figure 34 Relative peak intensities, from the TIC, of the eluted biotinylated phenylalanine towards the control sample. 

Test 3 

From the affinity purification test where an even smaller analyte volume have been added the 

intensities of the flow through and the third wash are even lesser than in the two earlier set of 

tests. 

From this test the analyte recovery can be calculated. This can be done by comparing the peak 

area of the control with the total peak area of the four eluates. The total peak area of the four 

eluates is 1 582 262, which means that the analyte recovery in this case is 98.7 %. 

 
Figure 35 Relative peak intensities of the total ion chromatogram from the eluted sample towards the control sample. 

5.4.3 Affinity purification of cell extracts in Eppendorf tubes 
The affinity purification of yeast cell extracts was made in two different ways. In Test 1 the 

cell extract have been reacted with biotinylated phenylalanine, while in Test 2 the cell extract 

have been reacted with the biotin reagent. 
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Test 1 

From the affinity purification of a yeast cell extract reacted with biotinylated phenylalanine it 

can be seen that there is analyte eluting after the adding of elution buffer. The largest amount 

of analyte is eluting during the later eluates.  

 
Figure 36 Relative peak intensities, from the extracted ion chromatogram (EIC), of m/z 392.16 from the eluted sample 

towards the control sample. 

Test 2 

While comparing the peak intensity for the control with the peak intensities for the eluates it 

can be seen that the eluates have a higher intensity than the control. 

 
Figure 37 Relative peak intensities, from the EIC, of m/z 392.16 from the eluted sample towards the control sample.  
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6 Discussion 
Here follows a further discussion about each part of the experiment and the result.  

6.1 Biotin labeling reactions  
The biotinylation labeling reactions of phenylalanine, spermidine and histamine were success-

ful, but not for nicotinamide. 

6.1.1 Phenylalanine 
From the biotin labeling reaction of the primary amine phenylalanine, detected with single 

state MS, the expected peaks for m/z 392 and 131 could be seen. The peak for m/z 392 gave 

the highest signal and indicates that the biotinylated phenylalanine molecule gets charged 

mostly at only one place at the molecule and gives mostly just one derivatization product. 

During fragmentation of the ion m/z 392 the peak for m/z 166 (which is the mass for a charged 

phenylalanine molecule) was increased, which indicates that it may be possible to get the 

origin amine molecule back after a biotinylation reaction. The higher collision energy the 

higher amounts of the charged phenylalanine could be seen (for the collision energy ratio 

between 0 and 30). 

The result of the biotin labeling reactions detected with LC-MS full scan analysis strengthens 

the theory that mostly one derivatization product is formed. From the extracted ion 

chromatograms (EIC) of m/z 392 and 131, from the full scan spectra, it could be seen that the 

ion for m/z 392 constitute 98 % of the derivatization products.  

From the neutral loss scans it can be seen that a peak for m/z 392 can be found, which indi-

cates that it is possible to get the original phenylalanine molecule back through a neutral loss 

of the biotin moiety during fragmentation. 

6.1.2 Spermidine 
From the biotin labeling reaction of the secondary amine spermidine, detected with single 

state MS, the expected peaks for m/z 598, 372 and 186 could be seen, of which the ions 598 

and 372 represent the most intense peaks and gives an indication that mostly two 

derivatization products are formed. The peak for m/z 372 fragments mostly to m/z 284, which 

also is the case for m/z 598. No peak for m/z 146 (which is the mass for a charged spermidine 

molecule) could be found, which in that case could have gave an indication of a possibility to 

get the origin molecule back after a biotinylation reaction. This peak did not either show up 

during fragmentation of m/z 284. From this result you can say it would probably not be 

possible to get the origin spermidine molecule back.   

The result of the biotin labeling reactions detected with LC-MS full scan analysis strengthens 

the theory that mostly two derivatization products are formed. From the EIC of m/z 598, 372, 

299 and 186 from the full scan spectra it could be seen that the ion for m/z 598 and 372 

constitute 70 % and 26 % respectively of the derivatization products.  

From the neutral loss scans of the biotinylated spermidine no peak for either m/z 372 or m/z 

598 could be found, which indicates, and strengthens the earlier theory, that it not is possible 

to get the original spermidine molecule back through a neutral loss of the biotin moiety during 

fragmentation. A possible explanation why this is not running successfully may be that the 

ionization source voltage is too high, which means that the spermidine molecule has already 

been fragmented when it reaches the quadrupole. Another possible explanation could be that 

it is harder to fragment the biotinylated spermidine molecule comparable to the biotinylated 

molecules of phenylalanine and histamine, which mean that it would require higher collision 
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energy to get the original spermidine molecule back than it does for the other two compounds. 

In this test the collision energy has been the same for all the compounds, maybe the collision 

energy has not been high enough for spermidine.  

6.1.3 Histamine 
From the biotin labeling reaction of the secondary amine histamine, detected with single state 

MS, the expected peaks for m/z 564, 338, 283 and 113 could be found, of which m/z 338 

represent the most intense peak and gives an indication that mostly one derivatization product 

is formed. The peak for m/z 338 fragments mostly to m/z 95 but also some to m/z 112 (which 

is the mass for a charged histamine molecule). Fragmentation of m/z 564 gave mostly m/z 

338, but also some 112. These results tell us that it might be possible to get the origin 

molecule back, after a biotinylation, during fragmentation. 

The result of the biotin labeling reactions detected with LC-MS full scan analysis strengthens 

the theory that mostly one derivatization product is formed. From the EIC of m/z 564 and 338, 

from the full scan spectra, it could be seen that the ion for m/z 338 constitute 98 % of the 

derivatization products.  

From the neutral loss scans of the biotinylated histamine it can be seen that a peak for m/z 338 

can be found, which indicates that it is possible to get the origin amine molecule back through 

a neutral loss of the biotin moiety during fragmentation. 

6.1.4 Nicotinamide 
The biotinylation labeling reaction of nicotinamide was not successfully performed, which 

was expected and indicates that the biotinylation reagent is specific – since this reagent was 

specified for primary amines. The different biotinylation reagents that today are available on 

the market are designed for the functional groups primary amines (which have been used for 

this study), sulfhydryls, carbohydrates and carboxyls. There is no biotinylation reagent avai-

lable for amides. The reason why we anyhow decided to test this amide was because we wan-

ted to have some kind of a control. 

6.2 Reaction yield 
As can be seen in table 6 the reaction yield were only 5 % for phenylalanine, 45 % for spermi-

dine and 52 % for histamine, which is quite low, especially for phenylalanine. A good value 

should be around 80-90 %. One possible explanation why the reaction yield is this low for 

phenylalanine could probably be that there is some kind of sterical hindrance, comparable to 

spermidine and histamine, where the amine functionality is placed in a more open area at the 

molecule. Another possible explanation could be the solubility for phenylalanine in PBS. For 

this test the phenylalanine has been solved in PBS, which has a pH around seven. Phenyl-

alanine do solve better in acidic water, which probably could increase the reaction yield.  

These reactions were incubated at room temperature for 30 minutes. As can be seen in table 7, 

the biotinylation labeling for solutions incubated at 60°C is increased comparable with 

solutions incubated at room temperature. This means that an increasing temperature, and 

maybe incubation time, could make it achievable to get an increased reaction yield. But as 

also can be seen, the difference is not that large. The biggest increasing is for phenylalanine, 

which is the one with only 5 % reaction yield at room temperature. 

6.3 Affinity purification of a biotinylated molecule 
The affinity purification of a biotinylated molecule has been made in several different steps. 

First it has been made on columns and second in Eppendorf tubes. While performing the 
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affinity purification in Eppendorf tubes, the peak intensity for the flow through gets higher. 

No consideration has been taken for this because the amount of analyte that in this case elu-

ting in the flow through otherwise should have eluted in the first washes, which in that case 

have no influence on the result. Because the performance was more convenient and easier to 

perform in Eppendorf tubes the remaining tests have been done this way.   
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6.3.1 Affinity purification on columns 
From the affinity purification on columns a large amount of the analyte is eluting before the 

elution buffer has been added. The possible reason why this happens may be because the 

slurry has been overloaded. Too much analyte have been loaded on the resin. When too much 

analyte has been loaded there are not enough binding sites to bind the whole amount of the 

analyte in the sample, and the waste analyte will elute during the washes. 

But, the eluting of analyte during the eluates, after the elution buffer has been added, indicates 

that the affinity purification does works, but because of the amount of analyte still eluting 

during the last washes maybe a larger volume of elution buffer have to be added to elute the 

whole amount of the bound analyte.  

6.3.2 Affinity purification in Eppendorf tubes 
The affinity purification proceeded in Eppendorf tubes has been made in various different 

ways to optimize the result.  

Test 1 

The results from these tests are very similar to the results from the affinity purification made 

on columns, with the exception of a bigger amount of the analyte eluting in the flow through. 

The large amount of analyte eluting in the flow through and first washes strengthens the 

theory that the mole of analyte loaded on the resin have been too large.  

Test 2 

The result from this test, where a lesser mole of analyte has been loaded on the resin and ad-

ditional washes have been done, strengthens both earlier theories. From the comparison of the 

intensities of the flow through and first washes with the eluates and last washes between the 

peaks in figure 33 and figure 34 it can be seen that a smaller amount of analyte now is eluting 

before the elution buffer have been added. This result strengthens the theory that the resin has 

been overloaded in the first tests, and that the eluting analyte during flow through and first 

washes is non bonded biotinylated sample.  

From the comparison between the peak intensities of the eluates and wash 4, 5 and 6 in figure 

34 it can be seen that the largest amount of analyte not is eluting during the first eluates, 

which would be the optimum, instead the largest amount is eluting during elute 3 and 4 and 

wash 4. This result do also strengthens the theory that a larger elution buffer volume has to be 

added to eluate the whole amount of analyte.  

Test 3 

From this test, where an even lesser mole of analyte has been loaded on the resin, it can be 

seen that the peak for flow through not is as big as in figure 33 and figure 34. This indicates 

that an appropriate mole of analyte to load on the resin, without getting an overload, has been 

found. 

As in the earlier two set of tests the mole of analyte eluting is higher in eluate 4 than in eluate 

1, which, as earlier, strengthens the theory that a larger volume of elution buffer has to be 

added to elute all the analyte. 

From this test it can be seen that the recovery is not 100 %, but though quite near, 98.7 %. 

The optimum would obvious be to have a recovery of 100 %, but as always there is hard to 

avoid any waste. As can be seen in the earlier figures (for example figure 34) there is still 

some analyte eluting during the later washes, which in this case not have been included in the 
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calculations. If a larger elution buffer is being added and included in the calculations the 

analyte recovery percentage would probably become higher, and even closer to 100 %.   

6.3.3 Affinity purification of cell extracts in Eppendorf tubes 
Two different set of affinity purification of yeast cell extract tests has been done. The first one 

seeks to investigate the analyte recovery and the second too see if there is a gain in analytical 

sensitivity of selected amines when comparing biotinylation strategy with a control non-

biotinylation approach in a complex sample. 

Test 1 
As can be seen in figure 36 the analyte is eluting after the adding of elution buffer. It can also 

be seen that it takes some elution buffer before the analyte start to elute even here, as in the 

earlier set of tests. The largest amount of eluting analyte is not in eluate 1, which would be the 

optimum. Instead, the largest amount of analyte is eluting in eluate 3, which means that it may 

be so that an even larger volume of elution buffer has to be added to get all the analyte to 

elute – to get a 100 % analyte recovery from the resin. 

Test 2 
While comparing the peak intensities in figure 37, the control towards the three eluates, it can 

be seen that the intensities for the eluates are much higher than the intensity for the control, 

which indicates that it is possible to achieve a gain in analytical sensitivity of selected amine 

when comparing biotinylation strategy with a control non-biotinylation approach in a complex 

sample. The total intensity for the three eluates, which represent the same mole of analyte as 

the control does, is together much higher than the intensity for the control.  

The biotinylation labeling of amines with high affinity avidin capture have resulted in a gain 

in analytical sensitivity by decreasing the complexity of the cell extract and thereby reducing 

ion suppression during LC-MS analysis.  
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7 Conclusion 
The conclusion from this study is that it is possible to achieve a biotinylation of the chosen 

amines, but not the amide. The reaction yield for each amine was 5 % for phenylalanine, 45 % 

for spermidine and 52 % for histamine. From the biotinylation labeling of phenylalanine and 

histamine one major derivatization product each was formed, while two major derivatization 

products were formed from the biotinylation labeling of spermidine. This could be verified by 

MS.  

It was possible to get the original amine molecule back through a neutral loss of the biotin 

moiety during fragmentation of phenylalanine and histamine, but not of spermidine. 

It was a gain in analytical sensitivity of selected amines when comparing biotinylation 

strategy with a control non-biotinylation approach in a complex sample, and the analyte 

recovery from the avidin slurry was 98.7 %. 
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8 Recommendations 
The aim of this work was to establish a “proof of principle” for the strategy, which has been 

achieved. Further experimental procedures recommended are to do additional tests with other 

functionalities than amines, as well as to perform the tests in replicates. Specifically should a 

design of experiment approach be designed to improve the reaction yield. Furthermore, the 

binding capacity of the avidin slurry should be investigated in greater detail. 
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