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Abstract

Evaluation of sample preparation techniques for
MALDI-TOF-MS analysis of oligosaccharides

Samone Liti

The aim of this study was to optimize the sample preparation and 
methods for analysis of oligosaccharides of hyaluronic acid with MALDI-
TOF-MS. The analysis was carried out on an Autoflex speed MADLI-TOF-
MS instrument with both linear and reflectron mode. 
Matrices used in this study were 2,5-DHB and Super-DHB and type of 
matrix was chosen depending on the size of the analyzed 
oligosaccharides. The application of sample and matrix on the target that 
gave the most homogenous crystallization was sandwich and the laser 
power in the MALDI was kept at 65 %. Since it is known that salts and 
buffers interfere with the analysis, sample clean-up such as solid phase 
extraction (SPE) in pipette tips and dialysis was performed. SPE worked 
best for low mass oligosaccharides and provided high intensity and little 
noise. With SPE a concentration of the analyte could be done which was 
the advantage over dialysis. Dialysis worked well for larger 
oligosaccharides and mixtures of different sized oligosaccharides. 
Another way of using MALDI for biomolecule analysis is with TLC-MALDI. 
A fast and accurate separation was achieved and analysis could be done 
directly from the plate. The optimized methods were evaluated according 
to linearity and precision, LOD, mass accuracy and matrix stability. The 
linearity and precision was good in a higher concentration range (50 
µ g/mL and higher), but the test for limit-of-detection (LOD) indicated that 
concentrations from 20-30 µ g/mL could be analyzed with no interference 
from the background. The mass accuracy was within the acceptable limits 
according to Bruker Daltonics when a mass calibration was done for each 
analyzed sample. The stability of the matrix in solution was difficult to 
study because of the day-to-day variation in intensities given by the 
MALDI-TOF-MS technique. 
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1 Populärvetenskaplig sammanfattning 

Galderma är ett innovativt företag som utvecklar dermatologiska produkter för patienter med olika 
sorters hudproblem. I Uppsala tillverkas produkter för estetiskt och medicinskt bruk. Dessa produkter 
består av hydrogel som är tillverkad av tvärbunden hyaluronsyra (HA). För att kunna analysera gelens 
uppbyggnad och dess nätverk på molekylär nivå behövs avancerade analysmetoderMALDI-TOF-MS 
(matrix-assisted laser desorption/ionization time-of-flight mass spectrometry) är en teknik som utför 
snabba analyser av biomolekyler jämfört med andra tekniker som kan användas vid dessa 
undersökningar så som HPLC, där proverna behöver genomgå en kromatografisk kolonn för att sedan 
kunna analyseras. Genom att bryta ner hyaluronsyran till mindre molekyler (olika stora 
oligosackarider), kan strukturer i gelnätverket analyseras snabbt och enkelt med MALDI-TOF-MS.  
 
Examensarbetet utfördes på Galderma Uppsalas forskningsavdelning och målet var att ta fram 
optimerade metoder för olika modellsubstanser med MALDI-TOF-MS. De modifierade 
modellsubstanserna som analyserades fanns på företaget och resterande oligosackarider togs fram 
genom att bryta ner HA-gel med hyaluronidas, syra eller metanolys. Vid analys av substanserna är 
val av matris, applikation på MALDI-plattan, upprening och MALDI-metod viktiga parametrar.  
 
I metodutvecklingen varierades olika parametrar för att få så hög intenstitet som möjligt och 
baslinjeseparerade signaler för analyterna. Utöver detta kontrollerades linjäritet och precision av 
metoden där värdena jämfördes med samma metod utfört på ett UHPLC-SEC (ultra high performance 
liquid chromatography-size exclusion chromatography)-system. Massnoggrannhet och LOD (limit of 
detection) kontrollerades för att säkerhetsställa hur stor variation i uppmätt massa som MALDI ger 
respektive vilken den lägsta koncentrationsnivån är för analys med MALDI-TOF-MS.  
 
För att kunna undersöka oligosackariderna med MALDI-TOF-MS behövde viss optimering göras. 
Matrisval var första parametern som optimerades. Det är viktigt att undersöka vad som är optimalt 
för just oligosackarider när det gäller att få dem att kristalliseras homogent på MALDI-plattan, och 
att en passande matrissubstans används så att oligosackariderna kan joniseras när man skjuter med 
laser på provet. Vad matrisen löses i är en viktig parameter då detta kan påverka kristallisationen på 
plattan och därmed homogeniteten. Genom att applicera prov och matris på plattan på olika sätt kan 
man även med denna parameter bidra till en mer homogent kristallisation och därmed öka signal av 
analyten, få väl separerade toppar samt detekterbara addukttoppar, vilket gör identifieringen enklare. 
Prover som ska analyseras innehåller ofta salter och buffertar och detta kan medföra störningar i 
analysen samt även förstöra utrustningen på en längre sikt. Då är det viktigt att kunna rena upp 
proverna, vilket görs med fastfas-extraktion eller dialys med nitrocellulosa-membran.  
 
Resultaten visade att matrissubstanserna 2,5-DHB var optimal för mindre oligosackarider samt att 
Super-DHB var optimal för större enskilda oligosackarider eller för blandningar av oligosackarider. 
Applicering med homogen kristallisation var bäst med sandwich. Detta görs genom att lager ett 
innehåller bara matris, lager två innehåller prov och lager tre innehåller matris. Vid upprening av 
prover görs det som enklast med fastfasextraktion, men detta fungerar bara för mindre 
oligosackarider. För upprening av större oligosackarider behöver dialys göras. MALDI-TOF-metod 
är också en viktig parameter att ställa in på beroende på vilken storlek av analyt som analyseras. Är 
det lägre masstal (mindre än 1500 Da) så används reflektron-läget på TOF, som ger mindre brus och 
bra upplösning (väl separerade toppar så att isotoptopparna av produkten kan ses). Om det är analyter 
med högre masstal behövs linjär-läget användas, men upplösningen och massnoggrannheten blir då 
sämre och det kan bli svårare att identifiera toppar.  
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Slutsatserna man kan dra av undersökningen är att kvantitativa analyser med MALDI-TOF-MS är 
lite utav en utmaning jämfört med UHPLC-SEC systemet, men om man analyserar vid högre 
koncentrationsnivåer är precisionen och linjäriteten för de optimerade metoderna tillräckligt bra och 
LOD antyder att låga koncentrationer kan analyseras, bara man har i åtanke att spridningen är större 
vid dessa koncentrationer. Även dag-till-dag-variationen kan vara stor, men för kvalitativ analys 
fungerar ändå tekniken bra. En annan slutsats är att MALDI-TOF-MS är en avancerad analysteknik 
som fungerar om man har i åtanke att det är många parametrar som ska optimeras för att kunna få så 
höga signaler som möjligt.  
  



 5 

Contents	
1	 Populärvetenskaplig sammanfattning ..................................................................................... 3	
2	 Introduction ................................................................................................................................ 6	
3	 MALDI-TOF-MS ....................................................................................................................... 7	

3.1	 MALDI ................................................................................................................................ 7	
3.2	 Mass analyser ....................................................................................................................... 7	

4	 Material and method ................................................................................................................. 8	
4.1	 Material ................................................................................................................................ 8	
4.2	 Equipment ............................................................................................................................ 9	

4.2.1	 Mass spectrometry ....................................................................................................... 9	
4.2.2	 Chromatography .......................................................................................................... 9	

4.3	 Methods................................................................................................................................ 9	
4.3.1	 Degradation of HA hydrogel ....................................................................................... 9	
4.3.2	 Fractionation of solution with degraded HA gel ........................................................ 10	
4.3.3	 Sample preparation for optimizing sample clean-up ................................................. 10	
4.3.4	 Matrix solution preparation ........................................................................................ 10	
4.3.5	 Sample clean-up ......................................................................................................... 10	
4.3.6	 Sample application on MALDI target ........................................................................ 10	
4.3.7	 TLC ............................................................................................................................ 10	

5	 Result and discussion ............................................................................................................... 11	
5.1	 Effect of sample application on stainless steel target ........................................................ 11	
5.2	 Matrix selection for 4-B and decasaccharide ..................................................................... 11	
5.3	 Sample clean-up for analysis of 4-B .................................................................................. 14	
5.4	 Sample clean-up for analysis of decasaccharide ................................................................ 17	
5.5	 Degradation, sample clean-up and MALDI-TOF-MS analysis of HA hydrogel ............... 18	
5.6	 Evaluations of the methods ................................................................................................ 20	

5.6.1	 Mass accuracy ............................................................................................................ 21	
5.6.2	 LOD ........................................................................................................................... 21	
5.6.3	 Precision and linearity ................................................................................................ 21	
5.6.4	 Matrix stability ........................................................................................................... 23	

5.7	 TLC-MALDI-TOF-MS ...................................................................................................... 25	
6	 Conclusion ................................................................................................................................ 26	
7	 Acknowledgements .................................................................................................................. 27	
8	 References ................................................................................................................................. 28	
 
  



 6 

2 Introduction 

Hyaluronic acid (HA) is a linear polymer and due to its properties the HA has become important for 
many medical and esthetical applications such as eye surgery, dermal filling and tissue augmentation.  
HA based dermal fillers currently on the market are mostly chemically modified with cross-linkers 
to improve the mechanical properties and duration in vivo. To be able to do a chemical 
characterization of the structures in the gel network, the gel has to be degraded to small molecules 
such as different sized oligosaccharides [1]. Degradation of HA-gel can be done in several ways. 
According to Jeanloz et. al [2], common ways are usage of acid or enzyme hydrolysis, which splits 
the glucosaminidic linkages resulting in different sized oligosaccharides. The article points out that 
degradation with methanolysis provides higher yield of oligoccharides than hydrolysis.  
 
Matrix Assisted Laser Desorption / Ionization time-of-flight mass spectrometry (MALDI-TOF-MS) 
is nowadays a widely used technique for analyzing biomolecules such as proteins, peptides and 
oligosaccharides [3-5]. MALDI offers several advantages over other ionization techniques such as 
electrospray ionization (ESI), mainly because of the low sample size requirement, simplicity of 
spectral interpretation, the fast and easy analyze time it provides compared to other techniques such 
as LC, GC or HPLC and the possibility of preserving the samples for later use.  
 
Analyzing oligosaccharides with MALDI-TOF-MS is still challenging because of the low ionization 
efficiency of carbohydrates relative to peptides and proteins [2]. Improvements of this could be done 
by choosing a suitable UV absorbing organic compound as matrix for the ionization and also 
minimizing the effect of sample contamination. It can also be done by operating the instrument at 
higher laser power, therefore increasing the number of ions produced per MALDI event [3,4]. A 
matrix used for analyzing peptides and proteins are 2,5-dihydroxybenzoic acid (2,5-DHB), see Table 
1, and 2,6-DHB is used for oligosaccharides according to Park et. al [3]. Other articles outlines that 
2,5-DHB are the most commonly used matrix for oligosaccharides [5-6]. Another matrix that could 
be used for biomolecules are 2,4,6-trihydroxyacetophenone monohydrate (THAP) and according to 
Wyatt et. al [7] the performance of both THAP and DHB can be comparable, which means that THAP 
could also be used for oligosaccharides in the same way that 2,5-DHB is used. The matrix called 
Super-DHB is a mixture of 2,5-DHB and the additive 2-hydroxy-5-methoxybenzoic acid. This matrix 
generates significantly better resolved MALDI signals for larger molecules such as peptides than 2,5-
DHB does [7]. The matrices act differently on different samples depending on the pKa values, 
absorptivities of the irradiated light, the amount of energy needed to ionize, stability of a particular 
sample and the positions of the phenolic hydroxyl groups [3]. 
 
It is known that presence of salts and buffers are not preferable when running MALDI-TOF-MS 
because of the reduction of desorption/ionization efficiencies and thus a decrease in sensitivity [8]. 
Sample purification can be done in several ways. One of the techniques that are used is solid-phase 
extraction (SPE). Since the amount of sample is small when using MALDI, the SPE is done on a 
chromatographic packing material in pipette tips [8,9,10]. This technique gives both desalting and a 
concentration of the sample, which can provide lower background noise and thus better signal-to-
noise ratio. Another technique for purification and desalting is dialysis through a semi permeable 
membrane, such as nitrocellulose with pores. Dialysis works by diffusion, which makes the small 
molecules pass through the pores, and since larger molecules cannot pass, they will stay in the droplet 
on the membrane [11]. 
 
Application on the polished steel target is also a challenge. Based on the amount of sample available 
different types of applications can be done. Dried droplet is the most common application method 
[4,12,13] when a lot of sample is available. When the amount of sample is smaller or for increased 
sensitivity the two-layer [3] or sandwich [13,14] applications can be used. The top matrix layer from 
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the sandwich sample application will be excited before the sample and as soon as the sample is 
exposed to the laser, the photons will be released from the matrix. Because the laser is not in direct 
contact with the sample, a small sample volume can be used [15]. 
 
Another way to analyze biomolecules with MALDI-TOF-MS is by separating with thin-layer-
chromatography (TLC) and recording spectra directly from the TLC sheets. This is an off-line 
technique which provides fast separation and MS analysis of oligosaccharides. [16] 
 
The aim of this study was to optimize sample preparation, sample clean-up and MALDI methods for 
model compounds of oligosaccharides that are available at Galderma with MALDI-TOF-MS. The 
optimized methods were then used when analyzing a collection of different sized oligosaccharides 
from HA gel that had been degraded with different techniques. The methods were optimized based 
on the parameter signal-to-noise and intensity of the analyte. Evaluation of the methods was done 
based on parameters such as precision and linearity, LOD, matrix stability and mass accuracy.  

3 MALDI-TOF-MS 

3.1 MALDI 
The mechanism behind MALDI is that the analyte first have to co-crystallize with an excess of a 
matrix compound that are usually a UV absorbing weak organic acid. The matrix mixture vaporizes 
with the analyte from the spot when laser is radiated directly on the target (Figure 1). The matrix 
serves as a proton donor or acceptor which will help the ionization of the analyte in both positive and 
negative ionization modes. Ionization of the analyte depends on the matrix-analyte combination on 
the target [17].  

  
Figure 1. Principle of MALDI [17] 

3.2 Mass analyser 
Mass analysers that are typically used in combination with MALDI are linear time-of-flight (TOF) 
or reflectron TOF (Figure 2). Analysis done by TOF is based on the acceleration of a set of ions to a 
detector, where all of the ions are given the same amount of energy. Because of the ions difference 
in masses, the ions reach the detector at different times. Smaller ions reach the detector first because 
of their greater velocity while the larger ions take longer time because of their larger mass. The 
analyzer is called TOF because the mass is determined from the ions time of flight. The arrival time 
at the detector depends on the mass, charge and the kinetic energy of the ion [17].  
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Figure 2. MALDI with TOF and TOF reflectron [17] 

The TOF reflectron combines TOF technology with an electrostatic analyser, the reflectron. The 
reflectron serves to increase the amount of time the ions need to reach the detector and also to reduce 
their kinetic energy distribution which will contribute to high resolution spectra of the samples. This 
will provide well separated isotope and adduct peaks of the analyte. 

4 Material and method 

4.1 Material 
Sodium chloride, di-sodium tetraborate decahydrate, phosphate, hydrochloric acid (HCl), tris-acetate 
and trifluoroacetic acid (TFA) were purchased from VWR international (Stockholm, Sweden). 
Methanolic HCl (3 M) was purchased from Sigma Aldrich (Stockholm, Sweden). Methanol, 
acetonitrile (AcN) and nitrocellulose membranes were purchased from Fisher Scientific 
(Leicestershire, UK). Hypersep Tip was purchased from Thermo Scientific (United States). The 
matrix 2,5-DHB was purchased from Bruker (Bremen, Germany) and 2,6-DHB, THAP, diammonium 
citrate and Super-DHB were acquired from Sigma Aldrich (Stockholm, Sweden). Ultrapure deionized 
water prepared by a water purification system (Milli-Q Gradient) from Merck (Darmstadt, Germany) 
was used for all sample preparation. 13 mm syringe filter, 0.2 µm PTFE was purchased from VWR 
international (Stockholm, Sweden). Hyaluronidase from sheep testes, Type V was purchased from 
Sigma Aldrich (Stockholm, Sweden). 
  
The isolated oligosaccharides and the hydrogel analyzed in this paper were provided by Galderma 
Uppsala. The oligosaccharides was ∆ tetrasaccharide of HA with a derivate of 1,4-butanediole di-
(propane-2,3-diolyl)ether (4-B) [18] and decasaccharide isolated from degraded HA (deca). Samples 
with different sized oligosaccharide were degraded from a HA gel (batch number R15-084-2) by 
hydrolysis with hyaluronidase or acid or by methanolysis. For the repeating unit of HA, see Figure 3.  
 

 
Figure 3. Molecular structure of the repeating unit of hyaluronic acid (HA) 
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Table 1. Molecular structure and name of the MALDI matrices used in this work.  

Molecular structure Name of matrix (abbreviation) 

 

2,5-dihydroxybenzoic acid (2,5-DHB) 

 

2,6-dihydroxybenzoic acid (2,6-DHB) 

 

Super-DHB is a mixture of 2,5-dihydroxybenzoic 
acid (2,5-DHB) and 2-hydroxy-5-methoxybenzoic 
acid (Super-DHB) 

 

2’,4’,6’-trihydroxyacetophenone monohydrate 
(THAP) 

 

4.2 Equipment 

4.2.1 Mass spectrometry 
Each sample spot was irradiated with a smart beam 2 laser 2500 times in reflectron or linear negative 
ion mode with laser strength of  65 % using an Autoflex speed (Bruker Daltonics, Bremen, Germany) 
MALDI-TOF mass spectrometer. The target plate with a ground steel surface was provided when the 
Autoflex speed was purchased from Bruker Daltonics.  

4.2.2 Chromatography 
The chromatograpic system that was used was a Waters Acquity H-Class UHPLC system with a 
Waters TUV detector and with a Waters’ Protein BEH SEC 200 Å, 1.7 µm, 4.6 mm x 150 mm 
column or a Waters’ Protein BEH SEC 125 Å, 1.7 µm, 4.6 mm x 300 mm column. The flowrate 
was set to 400µl/min and λ was set to 205 nm.  The eluent was 10 mM ammonium acetate, pH 5 
and injection volume was set to 20 µL.  

4.3 Methods 

4.3.1 Degradation of HA hydrogel 
The degradation was done by splitting the gel network with acid (HCl), the enzyme hyaluronidase or 
methanolysis. Degradation by acid was done by adding 200 mg of the gel, 25 µL 1 M HCl and 375 
µL water to an Eppendorf tube and mixing while heating at 80 ºC during 18 h. The degraded sample 
was neutralized with 1 M NaOH and 0.1 M phosphate buffer. Degradation with hyaluronidase was 
done by mixing 250 mg gel, 50 µL 1450 U/mL enzyme and 200 µL water, and incubating at 37 ºC 
during 66.5 h under agitation. Methanolysis was done by dissolving 2 mg dried HA gel in 200 µL 1 
M HCl in methanol and heating at 80 ºC for 23h. The methanolysis sample was neutralized with 50 
µL 1M NaOH and 750 µL 0.1 M phosphate buffer, pH 7.  
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4.3.2 Fractionation of solution with degraded HA gel 
Samples from the degradation from methanolysis were separated with a UHPLC-SEC system. 20 µL 
of the sample was injected and the analysis time was set to 10 min. One fraction was collected during 
3.10-3.90 min. The fractionation was repeated 10 times and all fractions were collected in the same 
tube. The collected sample was freeze dried several times with top-up of water in between the drying 
in order to remove the ammonium acetate before the MALDI-TOF-MS analysis.  

4.3.3 Sample preparation for optimizing sample clean-up 
For optimization of the sample clean-up the samples were mixed to a final concentration of 0.9 % 
NaCl, 10 mM sodium phosphate buffer with pH 7, 20 mM sodium borate buffer with pH 9.2 and 
50 mM Tris-acetatebuffer with pH 8, respectively. These buffers are typical to occur in the samples 
that contains the oligosaccharides for analyzing. The sample preparation for comparison of the matrix 
solution was to dissolve the oligosaccharide in pure water to the same concentration. 

4.3.4 Matrix solution preparation  
The 2,5-DHB MALDI-matrix was dissolved in 50% AcN/0.1%TFA in water to a concentration of 
20 mg/mL. The MALDI-matrix Super-DHB was dissolved in 50% AcN/0.1%TFA in water to a 
concentration of 20 mg/mL.  

4.3.5 Sample clean-up 
For samples with lower masses, the clean-up was done by desalting and concentrating with Hypersep 
Tip packed with graphitized carbon. The pipette was set to 10 µL and equilibrated by pipetting up 
and discarding three times with 100 % acetonitrile and then three times with 0.1 % TFA. Then the 
sample was loaded by pipetting the sample up and down in the same tube (the pipette tip should stay 
under surface) and the salts were removed by pipetting with 0.1% TFA six times and then the sample 
was eluated. Washing was done six times with 0.1 % TFA (pipetting up and discarding to waste). In 
the end the oligosaccharides were eluted by pipetting up and down a solution of 4-10 µL 60% 
acetonitrile/0.1%TFA/H2O ten times.  
 
For larger oligosaccharides, or mixed sized samples, the clean-up was done with dialysis using a 
nitrocellulose membrane. The membrane was applied on the surface of 1000 mL water in a beaker 
and 5 or 10 µL of the sample was added on the membrane. The droplet was left on the membrane for 
different times depending on which salts were present in the samples. Degraded solutions of HA gel 
was desalted by dialysis to be able to have as many sizes of oligosaccharides in the same sample as 
possible. The droplets were left on the membrane for 2 h. 

4.3.6 Sample application on MALDI target  
The sample application that provided higher intensity and larger signal-to-noise was sandwich. The 
sandwich preparation was done by first adding, with a pipette of a size 1-10 µL, a layer containing 
0.5 µL of matrix and then a sample volume of 0.5 µL as the second layer. The final layer contained 
0.5 µL matrix. All layers were dried gently using a hair drier before the next layer was applied. Other 
tested sample applications were dried droplet and two-layer. Dried droplet was done by mixing the 
sample and matrix before adding 1.5 µL on the target. Two-layer was done by adding only 0.5 µL 
matrix on the target as first layer and second layer contained a mix of sample and matrix and volume 
added on the target was 1.0 µL.  

4.3.7 TLC 
A maximum of 0.3 µL sample can be added on the TLC plate. The plate should have a size of 
5x7.5 cm to fit in the MALDI-target. For the separation the concentration range of the HA 
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oligosaccharides could be 9.5-50 mg/mL to be able to record spectra. The mobile phase used for the 
separation was 5/7/1 n-butanol/formic acid/water. After the separation the matrix needs to be 
sprayed onto the plate. The matrix 2,5-DHB dissolved in 50% AcN/0.1%TFA with a concentration 
of 50 mg/mL was sprayed on the TLC plate with an Aldrich chromatography sprayer and a volume 
of 3-4 mL matrix solution was sufficient to cover the wanted area. The matrix was dried with a 
hairdryer.  

5 Result and discussion 

Analyzing oligosaccharides are usually a difficult task when it comes to the technique MALDI-TOF-
MS, but since this technique provides fast and accurate analyzing, this method still has advantages 
over other techniques that can be used. Evaluating methods qualitative with MALDI-TOF-MS 
(structure identification) [19,20] are usually done, but according to Duncan et. al [21] the quantitative 
analyzing of the methods with MALDI-TOF-MS are a little bit more challenging. This will be 
discussed in section 5.6. Samples that will be analyzed in this paper is 1,4-butanediole di-(propane-
2,3-diolyl) ether (4-B) [18] and decasaccharide isolated from degraded HA (deca). Samples with 
different sized oligosaccharide were degraded from a HA gel. The standard method when analyzing 
with MALDI-TOF-MS used at Galderma Uppsala was 2,5-DHB dissolved in 1:1 MeOH in water 
solution. The sample and matrix were pre-mixed in a separate eppendorf tube before applying them 
as a dried droplet. Both positive and negative MALDI modes were tested for the oligosaccharides, 
but no or small analyte signals were obtained in positive mode. Therefore, negative mode was used 
throughout the study.What should be noted is that the mass accuracy will be reported in section 5.6.1 
and the rest of the spectra have not been mass calibrated, thereby the variation in obtained mass for 
the same oligosaccharide.  

5.1 Effect of sample application on stainless steel target 
The reason for optimizing the way of applying matrix and sample on the target is to reach a 
homogenous preparation of matrix crystals containing the analyte. There are several techniques that 
can be used and in this work dried droplet, two-layer, sandwich and three-layer were tested. They 
were all compared to each other to be able to determine which one could provide highest intensity of 
the peaks, less noise and a baseline separation. The sample application dried droplet was compared 
with two-layer and sandwich, see 4.3.6. These three application techniques were used in all the 
analyses done in the beginning of the method development for 1,4-butanediole di-(propane-2,3-
diolyl)ether (4-B). With time it could be noticed that sandwich was the application technique that 
gave better results when it comes to intensity of 4-B and less noise from the matrix. Sandwich was 
the application technique chosen to be used for comparison of additional parameters. The three 
application techniques were tested also for larger oligosaccharides, such as decasaccharide isolated 
from degraded HA (deca) and mixes of oligosaccharides and it was found that sandwich gave the best 
results also for these analytes. So, when larger oligosaccharides were tested, the sandwich application 
technique was also used.  

5.2 Matrix selection for 4-B and decasaccharide 
The ability of the matrix to dissolve and to crystallize is dependent on what media the matrix is 
dissolved in. The matrices analyzed in this paper are often used when analyzing oligosaccharides, are 
listed in Table 1, section 4.1. 2,5-DHB is a matrix commonly used for analyzing biomolecules, mainly 
oligosaccharides and it is also used for analytes that are difficult to ionize with other matrices. Starting 
with a simple analyte, the oligosaccharide 4-B, a matrix had to be chosen that gave high intensity and 
signal-to-noise for the oligosaccharide. 2,5-DHB was compared to the rest of the matrices in Table 1 
to see if there were matrices that would provide the wanted results. It should be noted that matrix 
compound 2,6-DHB did not give any useful spots on the target. No MALDI analysis could be done 
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with this matrix, so no further investigation was done with 2,6-DHB. The selectivity of the matrix 
Super-DHB, THAP and 2,5-DHB was analyzed to determine if any matrix peaks would disturb when 
the oligosaccharide 4-B would be analyzed. As can be seen in Figure 4, the matrix peaks are at lower 
masses, which will not disturb when oligosaccharides with a mass of 800 or higher are analyzed. It 
should also be noted that all further spectra were acquired from a mass of 800 and higher, so the 
matrix peaks will not be shown in the rest of the reported spectra.  
 

 
Figure 4. Selectivity of the different matrices 2.5-DHB (A), Super-DHB (B) and THAP (C). The mass number of 4-B is marked 
in all of the spectra to make sure there is not any interference from the matrices. The peaks that are not assigned are peaks 
belonging to the matrices and when analyzing, this mass interval will not be included.  

To choose which matrix would give the highest intensity and signal-to-noise for the oligosaccharide 
4-B was done by comparing 2,5-DHB, Super-DHB and THAP. Figure 5 shows that the matrix with 
highest intensity and the least noise was 2,5-DHB. By using quantitative measures, such as analyzing 
with newly made matrices at the same day to avoid the day-to-day variation that occurs when 
analyzing with MALDI-TOF-MS, the decision of which matrix would be the optimal could be 
chosen.  
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Figure 5. Comparison of matrices 2,5-DHB (A), THAP (B) Super-DHB (C) with the oligosaccharide 4-B. Signal intensity of 4-
B have been compared to determine which matrix would give the highest intensity and signal-to-noise was done based on these 
spectra.  

The matrix 2,5-DHB was dissolved in different media to be able determine if the intensity and signal-
to-noise could be increased. To be able to test the effect of the different matrix solvents without any 
disturbance from the salts, 4-B was also dissolved in water. First, the standard matrix solvent 50% 
MeOH in water was compared to 50% AcN/0.1% TFA and since the result was better than with the 
standard solvent, different percentage of acetonitrile and TFA were tested to analyze where the 
optimum was when it comes so matrix solvent. The result from these tests indicated that 50%AcN 
and 0.1% TFA gave the highest signal-to-noise for 4-B. Based on this, the matrix 2,5-DHB was 
decided to be dissolved in 50% AcN/0.1% TFA unless otherwise stated, see Table 2 for summary.  
 
For deca the optimized 2,5-DHB matrix was tested together with Super-DHB dissolved in either 50% 
AcN/0.1% TFA in water solution, 0.1% TFA in water or 50% AcN in water. The matrix had a 
concentration of 20 mg/mL and the intensity and signal-to-noise was compared for the different 
matrices. It could be concluded that Super-DHB dissolved in either 50% AcN/0.1% TFA in water 
solution gave the best results. To achieve as high intensities as possible linear TOF mode had to be 
used. Due to the lower resolution of linear TOF-MS, baseline separation was also a parameter that 
was analyzed because it eases the identification of the adduct peaks. See Table 2 for summary.  
 
 
 

977.439 4-B_1026_Testamatris_dag1_DHB_RN 0:C19 MS Raw

0

1

2

3

4

5

4x10

In
te

ns
. [a

.u
.]

977.453

4-B_1026_Testamatris_dag1_THAPdiammon_RN 0:C21 MS Raw

0

1

2

3

4

5

4x10

In
te

ns
. [a

.u
.]

977.337

4-B_1202_S-DHB-K_Dag2_Punkt2_RN 0:A2 MS Raw

0

1

2

3

4

5

4x10

In
te

ns
. [a

.u
.]

800 850 900 950 1000 1050 1100 1150 1200 1250
m/z

B 

C 

A 



 14 

 
Table 2. Summary of matrix solvent used for matrix 2,5-DHB and Super-DHB 

 
The matrix THAP was tested with different samples at different occasions and all analyses done with 
THAP gave poor results. Visually it could be seen that the spots were not homogenous and this 
resulted in an increase in mass shift, the resolution decreased and assignment of the true mass would 
become more difficult. Based on these results, THAP was not further investigated.  
 
Quantitative measures were also used when analyzing the optimal matrix solution. The solutions were 
prepared and fresh matrices was mixed before analyzing with MALDI-TOF-MS at the same day to 
come around the variation that often occurs. This was also done to avoid using old matrices, since 
with time, the intensity of analytes decreases. This will be further discussed in section 5.6.4.  

5.3 Sample clean-up for analysis of 4-B  
Oligosaccharide samples for MALDI-TOF-MS analysis are not always clean. They contain different 
salts or buffers, which are known to disturb when analyzing with MALDI-TOF-MS. To be able to 
mimic this, the modified oligosaccharide 4-B was dissolved in different salts and buffers see 4.3.3 
for further description. To be able to optimize the sample clean-up the different salts and buffers were 
first analyzed together with 4-B to determine which one of them needed sample clean-up. NaCl 
solution and phosphate buffer gave matrix spectra but no signal of 4-B. There were no results received 
from borate buffer with 4-B while tris-acetate buffer with 4-B gave a not so noisy baseline, high 
intensity of 4-B and no indication that clean-up was needed. Further investigation had to be done on 
how to improve the signal and clean up of 4-B when dissolved in NaCl solution and phosphate and 
borate buffer. 
 
Dialysis, with nitrocellulose membrane, and SPE, in pipette tips, are techniques used for purifying 
samples from contamination and salts. Since the amount of sample needed for analyzing with 
MALDI-TOF-MS is small, the clean-up with SPE can be done in Hypersep Tips specifically made 
for an automat pipette of the size 1-10 µL. This will give a maximum amount of cleaned sample of 
10 µL, and the lowest volume needed for analyzing with MALDI-TOF-MS is 0.5 µL. The 
nitrocellulose membrane, which is used for the dialysis, is small (Ø= 10 mm) and because of this, the 
amount of sample that can be cleaned is limited. Since this is not a problem with MALDI-TOF-MS, 
the dialysis could be easily used for this purpose. For further description of how these two sample 
clean-up techniques are done, see 5.4.5. It should be noted that SPE in the pipette tips have an 
advantage over dialysis since a concentration of the analyte can be done if needed. During dialysis 
the sample droplet often increases in volume with time and the analytes are diluted. For the 
comparison of the techniques dialysis and SPE, the sample cleaned by SPE was eluted in same amount 
of volume as loaded on the dialysis membrane. The comparison of 4-B in NaCl solution and 
phosphate and borate buffer without clean-up, dialysis and SPE, respectively, can be seen in Figures 
6-8. 
 
SPE needed no further optimization since the method obtained from an article written by Tiss et. al 
[8], see Appendix I, worked very well. Dialysis was optimized by leaving the droplet on the 
membrane for 15, 30, 45, 60 and 120 min and then analyzing with MALDI-TOF-MS to see if there 
were any improvements in signal-to-noise. For NaCl solution and phosphate buffer, dialysis had to 
be performed for 45 min, but to clean the sample from borate buffer, the dialysis had to last for at 

 2,5-DHB Super-DHB 
Standard 1:1 MeOH/H2O 50%AcN/0.1%TFA/H2O 

(from 2,5-DHB optimized) 
Optimized 50% AcN/0.1% TFA/H2O 50%AcN/0.1%TFA/H2O 
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least 2.5 h. The time chosen were based on at what time the intensity of the analyte would be at the 
highest, since with no clean-up, the analyte intensity would be really low, and with clean-up the 
intensity would increase. For NaCl, the intensity would decrease after 60 and 120 min and because 
of that, 45 min left on the membrane would fit the purpose of the sample clean-up. Figures 6-8, a 
large improvement can be observed both for SPE and dialysis compared to no sample clean-up.   
 

 
Figure 6. MALDI-TOF-MS analysis of the comparison of no sample clean-up, dialysis and SPE of 4-B dissolved in 0.9% NaCl. 
Signal intensity of 4-B have been compared to be able to determine if the sample clean-up provided higher intensity for 4-B 
and also which would provide the highest. SPE and dialysis was done according to 5.45 and matrix used for this was 2,5-DHB 
dissolved in 50%AcN/0.1%TFA/H2O 
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Figure 7. MALDI-TOF-MS analysis of the comparison of no sample clean-up, dialysis and SPE of 4-B dissolved in 20 mM 
boratebuffer. Signal intensity of 4-B have been compared to be able to determine if the sample clean-up provided higher 
intensity for 4-B and also which would provide the highest. SPE and dialysis was done according to 5.4.5 and matrix used for 
this was 2,5-DHB dissolved in 50%AcN/0.1%TFA/H2O  

  
Figure 8. MALDI-TOF-MS analysis of the comparison of no sample clean-up, dialysis and SPE of 4-B dissolved in 10 mM 
phosphate buffer. Signal intensity of 4-B have been compared to be able to determine if the sample clean-up provided higher 
intensity for 4-B and also which would provide the highest. SPE and dialysis was done according to 5.4.5 and matrix used for 
this was 2,5-DHB dissolved in 50%AcN/0.1%TFA/H2O 
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The sample clean-up technique, based on the results shown in Figures 6-8, was chosen to be SPE for 
the oligosaccharide 4-B. Dialysis works as a complementary method to SPE in case the pipette tips 
are out of stock. This also shows that if a sample contains different sized oligosaccharides, dialysis 
would still work without any loss of smaller molecules, see section 5.4 for further investigation of 
sample clean-up with dialysis.  
 
Another way of cleaning the preparation spots on the target is with a technique called washing. 
Washing was done by adding an extra drop of either water of 0.1% TFA on top of the prepared spots 
on the target and then quickly removed with a filter paper. The washing was done for 4-B dissolved 
in 0.9% NaCl and 10 mM phosphate buffer to be able to analyze the effects from this sample clean-
up. Any results could not be received from the sample clean-up washing because the extra drop would 
dissolve most of the spots made on the MALDI-plate. When analyizing was done on the remains of 
the spot, the results provided low intensity of the analyte and background noise would still be large. 
Because of these poor results, the  sample clean-up washing was not further investigated.  

5.4 Sample clean-up for analysis of decasaccharide 
Since the results from SPE with 4-B were promising, the SPE was also tested with deca. Very small 
signals could be noted when compared to a reference, and that could be due to that the deca could not 
stick to the graphite solid phase or was too big to be eluted from the SPE pipette tip. To be able to 
confirm and also compare the results from MALDI, deca was analyzed also with a UHPLC-SEC 
system to be able to compare the linearity and precision received from the optimized method with 
MALDI-TOF-MS. A dilution series was done to observe if the effects of the concentration would be 
another parameter for not receiving wanted results. The concentration of the dilution series was 1, 
0.1, 0.01 and 0.001 mg/mL. The results that were compared to a reference showed that there was still 
a loss of deca regardless of initial concentration during the purification with SPE pipette tips. Since 
the eluent from the SPE contained 60% acetonitrile, different concentrations of organic phase was 
tested to see if this also could be the issue. The acetonitrile content tested was 60, 50, 40, 30 and 10%. 
60% acetonitrile was still the best for eluting the decasaccharide. Since the results were not improved, 
both the contents of TFA and acetonitrile were changed. A higher percentage of TFA (0.5%) was 
tested to see where the optimum was. The results were still not improved, but the solvents that gave 
some results were 60% AcN/0.5% TFA, 70% AcN with both 0.1 and 0.5% TFA and all of them were 
in a water solution. Since there were no other parameters that could be changed, the clean-up method 
was changed from SPE in pipette tips to dialysis on nitrocellulose membranes. The reason why SPE 
did not work for deca could be that the analyte would stick to the solid phase too hard for it to eluate 
or that the analyte would not stick at all to the solid phase.  
 
Deca with the same dilution series as for the SPE was tested with dialysis to observe if the sample 
loss were different from that of SPE. The results showed that dialysis for larger oligosaccharides 
provided less sample loss. Since the result was improved, the dilution series was tested again with 
dialysis and also diluted 1:1 with water, NaCl solution and phosphate and borate buffer. The samples 
were prepared for the UHPLC-SEC system by diluting 5 µL of sample from the dialysis membrane 
with 95 µL water. A reference was also prepared. Since the loss of analyte was smaller than for SPE, 
the optimized sample clean-up technique for deca using UHPLC-SEC analysis was determined to be 
dialysis for 30 min. The results were evaluated, see section 5.6.3 for a further discussion.   
 
To further investigate the results from the optimized dialysis method determined by UHPLC-SEC, 
samples from dialysis were also analyzed with MALDI-TOF-MS to see if it needed any optimization. 
The lowest concentration (5 µg/mL) might have been too low for the MALDI-TOF-MS analysis, 
especially for the dialysate of deca dissolved in borate buffer. The time spent on the membrane needed 
to be optimized. When dialyzing for 2 h, the buffer salts had been removed from the sample droplet, 
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thus resulting in no or little disturbance during the ionization or interfering peaks in the spectra. The 
sample clean-up for deca analyzed with MALDI-TOF-MS was optimized to 5 µL of sample and 2 h 
dialysis on the nitrocellulose membrane, and analyzing with the sample application technique 
sandwich. As described in section 6.2, the optimal matrix for deca was found to be Super-DHB 
dissolved in 50% AcN/0.1% TFA in water solution and the MALDI-TOF-MS was run in linear mode. 
The optimized method was also evaluated further, for results see section 5.6.3.  

5.5 Degradation, sample clean-up and MALDI-TOF-MS analysis of HA hydrogel 
Degradation of the hyaluronic acid backbone in HA hydrogels can be done in several ways. The three 
techniques studied in this paper were methanolysis, degradation by the enzyme hyaluronidase and 
acid degradation. All these three techniques split the glucoseaminidic linkage but the end product is 
not the same. The result from enzyme and acid provides the same oligosaccharides while 
methanolysis gives methoxy derivatives of the oligosaccharides. For further information on how to 
perform these three degradations, see 4.3.1.  
 
The degraded samples were first fractionized with UHPLC-SEC. The fractionized samples were 
analyzed with MALDI-TOF-MS to be able to detect if the degradation had given the wanted sizes of 
oligosaccharides in the mass interval of 2000 to 6000 Da or if the conditions needed to be optimized. 
A spectra of the fractionated sample from methanolysis is shown in Figure 9.  
 

 
Figure 9. MALDI-TOF-MS spectrum of a UHPLC-SEC fraction from methanolysis degradation of HA gel.  

A variation of different sized oligosaccharides can be observed in the spectrum of methanolysis. Due 
to the fact that only 1% of the disaccharides in the HA hydrogel had been modified with a cross-
linker, mainly signals from unmodified HA oligosaccharides can be seen in the spectrum. At top right, 
the peaks of the tetradecasaccharide are assigned: (1) deacetylation of N-glucosamine, (2) the double 
charge of the 28 monosaccharide that have its peak at m/z 5340.0 and at the left of that peak, it seems 
to appear another one that belongs to M-H2O-H+, (3) M-H+ peak of tetradecasaccharide, (4) Sodium 
adduct M-2H++Na+, (5) the first peak is potassium adduct M-2H++K+ and the second is the peak of 
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M-3H++2Na+. What was analyzed further was to clean up the samples with dialysis and compare the 
results to the collected fraction. This was done to see if sample clean-up by dialysis could provide 
similar spectra as fractionation. Results from the dialysis gave low intensity and analytes with 3000 
Da or higher mass weight could not be observed in the spectra. This  indicated that the sample clean-
up did not provide the same extent of cleaning of the sample as the fractionation. Even after four 
hours of dialysis, the oligosaccharide signals did not increase.  
 
The ratio of sample-to-matrix has a great impact on the results and this was tested on the sample 
degraded from HA gel with methanolysis by changing the concentration of the matrix. The 
concentrations of Super-DHB that were tested were 10, 20, 40 and 80 mg/mL diluted in 50% 
AcN/0.1% TFA in water. The matrix concentrations usually used in the literature is 20 mg/mL and 
sometimes a saturated matrix is also used. The results showed that a higher concentration, 40 
mg/mL, will provide greater baseline separation, which provides clear peaks that will ease the 
identification of the deprotonated molecular ion, adduct ions and other peaks. The result given from 
a matrix concentration of 40 mg/mL can be observed in Figure 9.  
 
It is known that salts and buffers will interfere when analyzing with MALDI-TOF-MS[7]. What is 
also known according to Park et. al [2]  is that at lower concentrations, the metal  ion from the salts 
(Na+, K+) can improve the ionization of the analytes. This effect was observed in the analysis of the 
fractionized sample from methanolysis when a small amount of NaCl was added to the matrix. The 
addition of salt provided greater signal-to-noise, higher intensity and clearer peaks because of the 
good baseline separation.  
 
HA gel degraded with hyaluronidase and acid was also fractionized with the UHPLC-SEC system 
and cleaned-up with dialysis. The results from the dialysis provided higher peaks and greater baseline 
separation, which made the assignment of the peaks easier, see Figure 10. 
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Figure 10. MALDI-TOF-MS spectra of acid (top) and hyaluronidase (bottom) degradation of HA gel and sample clean-up 
with dialysis.  

In Figure 10, a comparison is done on the degradation with acid (top spectrum, A) and 
hyaluronidase (bottom, B). The peak of decasaccharide have the adduct ions assigned at the right. 
For A: (1) deacetylation of the N-glucosamine, (2) M-H2O-H+, (3) doubly charged icosasaccharide 
(20-mer), (4) M-H+, (5) sodium adduct M-2H++Na+, (6) Potassium adduct M-2H++K+ to the left 
and the right one is M-3H++2Na+, (7) sodium and potassium adduct M-3H+Na++K+. The peaks for 
B are the same as for A. The only differences are that the deacetylation takes place only during the 
acid degradation and that smaller intensities of the signals from the uneven monosaccharides is 
observed in the hyaluronidase degraded HA gel sample. The uneven oligosaccharides can be 
observed between the larger even ones in Figure 10. Although the degradation products from 
hyaluronidase and acid hydrolysis are almost the same, the degree of degradation is probably more 
controllable using a fixed concentration of acid, temperature and time than the hyaluronidase 
degradation where the activity of the enzyme can be uncertain. As can also be observed in Figure 
10, is that the intensities of B are smaller than those of A, but more peaks at higher masses can be 
observed. Both degradation techniques can be used depending on what the purpose of the 
degradation is. 

5.6 Evaluations of the methods 
MALDI-TOF-MS is a technique that is mainly used for qualitative characterization of known and 
unknown analytes in a sample because of its fast and accurate approach to give molecular masses. 
There are barely any references about quantitative determination of oligosaccharides with MALDI–
TOF-MS [19,20]. MALDI has been reviewed as inherently irreproducible when it comes to 
quantitative analysis of biomolecules [21] and because of this, the methods optimized in this study 
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were evaluated according only to precision, linearity and LOD. Also the mass accuracy and the 
stability of the chosen solutions of MALDI matrices were tested. 

5.6.1 Mass accuracy 
Mass accuracy was measured for the oligosaccharides 4-B, deca and the fraction of HA gel degraded 
with methanolysis. The mass error was measured by making a calibration spot next to the sample to 
be able to first do a mass calibration and directly after that analyze the sample. Mass errors according 
to Bruker Daltonic when it comes to an Autoflex speed instrument are shown in table 3.  
 
Table 3. Approved mass errors according to Bruker Daltonic when it comes to an Autoflex speed instrument.  

Analyzed in: <3000 Da >3000 Da 

Reflectron mode ±20 ±50 
Linear mode ±50 ±150 

 
The mass error for 4-B (977,362-977,346)/977,346*1000000) was calculated to 16.4 and this was a 
value within the approved limits analyzed in reflectron mode. For deca (1913,546-
1913,598)/1913,598*1000000) the results was -27.2 and since these samples were analyzed in linear 
mode, the results were also within the limits. The results indicate that if accurate masses are desired, 
a masscalibration of the method should be done.  

5.6.2 LOD 
Limit of detection was analyzed using the optimized method for 4-B dissolved in different salts and 
buffers with and without sample clean-up. The peak of 4-B was compared to the highest peak that 
belonged to the matrix, and the criteria of the LOD of the analyte was set to 3 times the background 
noise. The LOD interval for 4-B with SPE as sample clean-up was determined to 20-30 µg/mL. LOD 
was also tested for 4-B in pure water with no clean up and the LOD was determined to 7 µg/mL.  

5.6.3 Precision and linearity 
Precision and linearity was tested with both a UHPLC-SEC-MS system and MALDI-TOF-MS 
system. This was done to compare the linearity of these two techniques and also to investigate the 
level of precision since according to Duncan et al. [21] MALDI-TOF-MS has been viewed as being 
very irreproducible.  
 
First, the variation in intensity was tested for the spots applied on the target. Three spots of same 
analyte was compared to be able to evaluate the precision and variation of the application. The relative 
standard deviation (RSD) demonstrated that the precision between the spots varies from day to day, 
and that the day-to-day variation in intensity is also large. The RSD could differ from 5-20% of the 
three spots analyzed. This will be more discussed in section 5.6.4. A precision test was done for SPE 
clean-up of 4-B. The results indicated according to the RSD values that there was a large variation 
(17-50% according to RSD) in the intensity of 4-B and that sample was lost in the SPE when 
compared to a reference with no clean-up.  
 
The linearity and precision was also tested for the optimized method for deca. A dilution series was 
done and consisted of three different concentrations of deca (500, 50, 5 µg/mL), with three different 
salts. A sample clean-up was done for all the samples, where the collected solutions from the dialysis 
had three MALDI-spots and a mean value of the results from the MALDI-TOF-MS are represented 
as one spot in Figure 12. A comparison of the results can be seen in Figures 11-12. In Tables 3-4, the 
precision values are reported.  
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Figure 11. Diagram over the linearity of three different concentration of deca, with 3 spots per concentration dissolved in three 
different media and analyzed with UHPLC-SEC.  

 
Table 3. Average and relative standard deviation (RSD) values of dialysis of different concentrations of deca analyzed with 
UHPLC-SEC. 

NaCl	 	 	 Phosphate	 	 	 Borate	 	 	

Conc.	

(µg/mL)	

Average	 RSD	 Conc.	(µg/mL)	 Avera

ge	

RSD	 Conc.	

(µg/mL)	

Average	 RSD	

500	 11876	 2%	 500	 7380	 15%	 500	 6753	 28%	

50	 2005	 4%	 50	 1833	 12%	 50	 1465	 7%	

5	 237	 5%	 5	 232	 5%	 5	 185	 5%	
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Figure 12. Diagram over the linearity of three different concentration of deca, with 3 spots per concentration dissolved in three 
different media and analyzed with MALDI-TOF-MS. 

Table 4. Average and RSD values of dialysis of different concentrations of deca analyzed with MALDI-TOF-MS.  

NaCl	 	 	 Phospate	 	 	 Borate	 	 	

Conc.	

(µg/mL)	

Average	 RSD	 Conc.	

(µg/mL)	

Average	 RSD	 Conc.	

(µg/mL)	

Average	 RSD	

500	 566876	 2%	 500	 587004	 1%	 500	 569421	 0%	

50	 568963	 0%	 50	 485612	 5%	 50	 494260	 10%	

5	 379599	 9%	 5	 40162	 42%	 5	 186576	 73%	

 
Comparing the results from figures 11-12 and tables 3-4, a trend can be seen in the MALDI-technique. 
MALDI has less ability to get a low RSD when it comes to the lowest concentration and the UHPLC 
system indicates that the sample clean-up method dialysis gives linear and precise values. These 
results indicate that if samples would be analyzed with MALDI, the concentration should be at higher 
levels (50-500 µg/mL) because the precision of the MALDI analyzes are better at these 
concentrations.  

5.6.4 Matrix stability 
The stability of the matrix 2,5-DHB in solution was tested by dissolving it in 50% AcN/0.1% TFA in 
water solution and stored in darkness at room temperature, and in darkness in a fridge. The matrix 
stability was evaluated based on the change in the intensity of the oligosaccharide 4-B.  
This was tested repeatedly for three weeks to see the change in intensity. Because of the rather poor 
precision of MALDI-TOF-MS, three spots where done for each two of the matrix storage conditions 
and the average of them are the ones plotted in Figure 13.  
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Figur 13. Stability of matrix 2,5-DHB dissolved in 50%AcN/0.1%TFA in water solution. Sample application used for this test 
was sandwich and the sample used was the oligosaccharide 4-B.  

 
The matrix Super-DHB was tested with 50%AcN/0.1%TFA in water solution stored in darkness at 
both room temperature and at 8ºC. The stability test for the solution of Super-DHB was done in the 
same way as for 2,5-DHB with 4-B as sample. For results of stability of Super-DHB, see Figure 14.  
 

 
Figure 14. Stability of matrix Super-DHB dissolved in 50% AcN/0.1% TFA in water solution. Sample application used for 
this test was sandwich and the sample used was the oligosaccharide 4-B.  

 
Table 5. RSD values of the three spots done for testing stability of matrix 2,5-DHB and Super-DHB. The result shows the 
variation that occurs of the same matrix each day.  
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2,5-DHB	 	  Super-DHB	 	

 RT	 Fridge	 	 RT	 Fridge	

Day	 RSD	 RSD	 Day	 RSD	 RSD	

1	 18,7%	 1,2%	 1	 86,0%	 3,3%	

2	 7,2%	 8,9%	 2	 5,8%	 20,7%	

3	 5,3%	 11,8%	 3	 22,3%	 41,0%	

4	 18,5%	 6,7%	 4	 13,5%	 33,1%	

5	 10,4%	 12,5%	 7	 31,5%	 10,0%	

8	 24,1%	 5,8%	 9	 24,0%	 26,2%	

9	 1,3%	 12,7%	 10	 19,4%	 21,2%	

10	 10,1%	 9,8%	 11	 31,8%	 34,9%	

11	 5,5%	 8,6%	 14	 36,5%	 26,2%	

12	 10,7%	 26,4%	 17	 26,6%	 15,3%	

15	 11,8%	 51,3%	 	   

16	 9,8%	 15,7%	 	   

18	 17,8%	 18,7%	 	   

 
The results for both 2,5-DHB and Super-DHB indicate that the stability of both matrices in the chosen 
solvents cannot be determined because of the large day-to-day and spot-to-spot variation in the 
MALDI-TOF-MS analysis. Table 5 demonstrate the variation that occurs from the three spots made 
at the same day and also the day-to-day variation. The only thing that can be stated is that if analyzing 
with a matrix solution that has been stored for longer period, the intensity of the results should not be 
expected to be the highest possible, since a trend can be seen that the intensity decrease over time. If 
high intensity is wanted, a new matrix solution should be made.   
 
Stability of the oligosaccharides was known from before that if stored in a freezer, the samples could 
be used even years after manufactured.  

5.7 TLC-MALDI-TOF-MS 
A fast technique for analyzing separation of mixture of biomolecules, such as oligosaccharides is 
with TLC-MALDI-TOF-MS, which is possible to do on the Autoflex speed MALDI-TOF-MS 
instrument. With this technique a fast chromatographic separation could be done and analyzed with 
MALDI-TOF-MS, which is a technique that analyzes faster than other chromatographic separation 
systems, such as UHPLC-SEC. The TLC-MALDI-TOF-MS method was optimized for a mix of 
tetra-, hexa-, octa- and decasaccharides. The eluent had to be optimized for receiving a TLC 
separation of these analytes. The optimized elute were set to 5/7/1 n-butanol/formic acid/water. To 
be able to get any results in the MALDI-TOF-MS analysis, the matrix needed to be optimized both 
in concentration and also amount sprayed on the TLC plate. The optimized concentration of the 
matrix was 50 mg/mL and the amount of matrix sprayed onto the TLC plate was 3-4 mL in total. 
The results from the optimized method can be observed in Figure 15.  
 



 26 

 
Figur 15. TLC-MALDI-TOF-MS spectra of separated tetra-, hexa-, octa- and deca HA saccharides with 2,5-DHB dissolved in 
50% AcN/0.1% TFA/H2O. 

The separation was good because there were no impurities or unwanted peaks in between the 
analyte peaks. Peak A belongs to tetrasaccharide, B to hexasaccharide, C to octasaccharide and D to 
decasaccharide. The reason why decasaccharide has a low intensity is because the analysis was 
done in reflectron mode and not in linear mode which suits larger oligosaccharides better. The 
results indicate that it is possible to analyze separations of oligosaccharides directly on the TLC 
plate with MALDI-TOF-MS.  

6 Conclusion 

It is known that oligosaccharides are difficult to analyze with MALDI-TOF-MS, and that there are 
many parameters that need to be optimized to achieve high intensities of the analytes. Parameters 
such as matrix concentration, ratio of sample to matrix, sample application on the target and the mode 
of the MALDI-TOF-MS are some of the important ones. By adapting these parameters to what sample 
that will be analyzed, results with high intensity, great baseline separation and higher signal-to-noise 
will be received. The aim of this study was to analyze and optimize methods for model 
oligosaccharides and to apply these methods on mixtures of oligosaccharides from degraded HA 
hydrogel and all of this was achieved in this work.  
 
There were several advantages found with the MALDI-TOF-MS technique for qualitative analysis 
compared to UHPLC-SEC system used in this paper. It is fast and simple technique to use when 
analyzing biomolecules which also will provide precise and linear results if analytes are analyzed at 
higher concentration range. The sample clean-up is easy to perform and suitable solutions of matrices 
can be stored for approximately two weeks in darkness. If mass calibration would be done before 
every analysis occasion, the mass accuracy would be in the approved range according to the 
instrument specifications from Bruker Daltonic and this is needed when analyzing samples with 
oligosaccharides of uncertain or unknown identity.  
 
Since there are many parameters that should be kept in mind, the optimized methods for the model 
compounds may not prove to be suitable for other oligosaccharides or other biomolecules. This is a 
disadvantage of the technique, since an optimization may be needed for every analyte that will be 

A 

B 

C 
D
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analyzed. This will make it hard to analyze unknown samples, but MALDI-TOF-MS could work as 
a complementary technique to other characterization technique such as NMR, LC-MS and GC-MS.   
 
MALDI-TOF-MS is a suitable analysis technique for biomolecules, in this study HA 
oligosaccharides, since it is a fast technique which can also give accurate mass determinations. Tests 
on linearity and precision indicate that analytes in higher concentration ranges can be analyzed fairly 
precisely and the LOD obtained shows that if the sample is in a low concentration, it is still analyzable, 
but the variation in intensities are large. 
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