
Institutionen för fysik, kemi och biologi 

 

 

 

 

 

 

Examenarbete 

 

Method development for studying the interactions between 

antithrombin and heparin 

 
Maja Elnerud 

Examensarbetet utfört vid Institutionen för Medicinsk Biokemi och 

Mikrobiologi, Uppsala Universitet 

2008-02-25 

 

LITH-IFM-EX--07/1887—SE 

 

 

 

 

 

 

 
 

 

 

 

 

 
Linköpings universitet Institutionen för fysik, kemi och biologi 

581 83 Linköping 



 ii 

 

 

 

 

Sammanfattning 
Abstract 

Antithrombin (AT) is one of the most important anticoagulant factors in the blood, and its effects are increased by the 

interaction with glycosaminoglycans, especially heparin. AT appears in two additional variants, other than the native 

form, and those variants have antiangiogenic properties and also bind to heparin. AT is found in two distinct isoforms 

( where the difference lie in the degree of glycosylation. This project has shown interesting results regarding the 

dependence of calcium ions on the binding between heparin and antithrombin. The results show that the -isoform 

increases its affinity for heparin in the presence of calcium, in contrast to the -isoform, which shows a decrease in the 

heparin affinity under the same conditions. This project has also given results that after further investigation and 

development could be used for an improved set-up of the immobilisation of AT variants in a surface plasmon 

resonance system. The results show that immobilisation of a protein in the reference channel gives a better shielding 

effect between the negatively charged heparin molecules and the negatively charged dextran matrix. Furthermore a 

more significant difference was seen between the two heparin moieties used during binding affinity studies, especially 

for native AT. 
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Abstract 

Antithrombin (AT) is one of the most important anticoagulant factors in the blood, and its effects 

are increased by the interaction with glycosaminoglycans, especially heparin. AT appears in two 

additional variants, other than the native form, and those variants have antiangiogenic properties 

and also bind to heparin. AT is found in two distinct isoforms ( where the difference lie in 

the degree of glycosylation. This project has shown interesting results regarding the dependence 

of calcium ions on the binding between heparin and antithrombin. The results show that the -

isoform increases its affinity for heparin in the presence of calcium in contrast to the -isoform, 

which shows a decrease in the heparin affinity under the same conditions. This project has also 

given results that after further investigation and development could be used for an improved set-

up of the immobilisation of AT variants in a surface plasmon resonance system. The results show 

that immobilisation of a protein in the reference channel gives a better shielding effect between 

the negatively charged heparin molecules and the negatively charged dextran matrix. 

Furthermore a more significant difference was seen between the two heparin moieties used 

during binding affinity studies, especially for native AT. 
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1 Introduction 

1.1 Background 

Antithrombin (AT) is a 58kDa glycoprotein that belongs to the serpin superfamily of proteins 

(1). It is a serine proteinase inhibitor whose main target proteases are thrombin, factor IXa 

and factor Xa. It is one of the most important anticoagulant regulators in the blood-clotting 

cascade (2, 3, 4). In addition to its anticoagulant effects it has also been shown that 

conformational variants of the protein have antiangiogenic properties (5). Angiogenesis is the 

term for formation of new capillaries from already existing vessels. It has a tremendous 

importance for the regulation of many physiological processes, such as wound healing, 

embryogenesis and female reproductive functions. Angiogenesis is up-regulated in cancer 

where new blood vessels appear excessively followed by tumour progression. Angiogenic 

inhibitors can therefore be used to stop tumour expansion.  Antithrombin is synthesized in the 

liver and then transported to the plasma. It exists in two isoforms, - and - antithrombin, 

where the major difference between the two forms is the degree of glycosylation (1).  

 

Antithrombin consists of 432 amino acid residues, three disulfide bridges and has four N-

glycosylation sites (Asn96, Asn135, Asn155 and Asn192) (1). The most abundant isoform 

(90-95% of all AT), AT, is glycosylated on all four sites while the less abundant form, AT, 

only has oligosaccharides on three of the four available sites (1). This less glycosylated form, 

lacking an oligosaccharide on Asn135, as a result of a serine residue instead of a threonine in 

the third position of the consensus sequence for N-glycosylation, has a higher affinity for 

heparin (2).

 

The structural features of AT and the other serpins are highly conserved. This superfamily of 

proteins share a unique suicide substrate-like inhibitory mechanism. This mechanism leaves 

the serpin irreversibly in its inactive form, through a conformational change. Typical features 

of this family (fig. 1) are 7-9 -helices (A-I), a surface exposed loop in the native protein, 

containing the proteinase recognition site, called the reactive centre loop (RCL), and three -

sheets (A, B and C) (6, 7). The largest -sheet is the five-stranded sheet A, according to the 

number of residues. The RCL consists of about 20 residues numbered in order of their 
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position to the weak bond P1'-P1 in the reactive centre. The residues on the N-terminal side 

are denoted P1-P15 and on the C-terminal side P1'-P5' (6, 7). 

 

Figure 1: The weak bond P1’-P1 in the RCL is marked N-terminally (red) with R 393, and C-terminally (yellow) 

with S 394. The largest -sheet (A) is in the foreground (blue). The A-helix is the large helix in the background 

(cyan). The D-helix is the features in the lower right hand corner of the structure (magenta). Edited in UCSF 

Chimera (21) from PDB: 1E05. 

 

The proteinase inhibition pathway starts when the target proteinase recognizes a sequence of 

amino acids similar to a potential substrate to be cleaved in the reactive centre loop of AT. 

The attack by the proteinase proceeds to the acyl-intermediate stage of normal proteolytic 

cleavage, where the C-terminal P1' residue of the reactive centre (Arg393) has been cleaved 

away and the N-terminal P1 residue (Ser394) is still covalently joined to the serine residue at 

the proteinase active site (3, 6, 7). From here the serpin-proteinase complex can take two 

possible pathways, the inhibitory or the substrate pathway. Following the inhibitory pathway, 

the cleavage of the RCL in the acyl-intermediate stage makes room for the liberated N-

terminal end of the loop to be inserted into the major -sheet of the serpin. This causes the 

covalently bound proteinase to be moved to the opposite pole of the surface of the inhibitor, 

where it is inactive. The other possible pathway the proteinase-inhibitor complex can undergo 

is called the substrate pathway, since it leaves the cleaved inactive serpin without a trapped 

proteinase. This pathway occurs in approximately 5% of all cases (4, 6, 7).  
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The binding of a polysaccharide, heparin or heparan sulphate, enhance the inhibitory effects 

of AT. Heparin is a highly sulphated glycosaminoglycan that is synthesized and found in 

connective-tissue mast cells. These mast cells are not found in the blood, so the closely 

related heparan sulphate, found on the surface of most cells, including the luminal and 

subluminal endothelial cells, are available in blood and might be a natural cofactor to 

antithrombin (2). The binding of heparin by the protein is induced by the recognition of a 

unique pentasaccharide sequence (fig. 2). This sequence in heparin is denoted DEFGH (8). 

 

 

Figure 2: The heparin recognition pentasaccharide sequence (24)   

 

The -isoform of AT has been shown to have a higher affinity for heparin, due to the lack of 

the glycan at Asn135. This oligosaccharide in the -isoform affects the on-rate of the 

conformational change induced by heparin binding and thus lowers the affinity for heparin. 

The conformational change that occurs when heparin binds increases the affinity for 

proteinase substrates approximately 300-fold (9). The fact that AT has higher affinity for 

heparin and that it is able to bind to vessel walls to a higher extent than AT indicates that it 

may be the most important AT form and a first shield of defense against proteolytic 

imbalance (2, 9). The oligosaccharide on Asn135 in AT does not interfere with the initial 

binding step of heparin, but slows down the second conformational step (2). 

 

The activation of AT by heparin is accompanied by a series of structural changes in the 

protein, both in the reactive centre loop and in the heparin-binding site. Three regions in the 

native folded protein are brought together to form a highly basic site that binds to the 

negatively charged pentasaccharide (fig. 3). These regions are the N-terminal end of the 

protein, the A-helix, and the D-helix along with a loop on the N-terminal side, of the D-helix. 

The residues involved are Lys11, Arg13, Arg46, Arg47, Lys114, Lys125 and Arg129. The 
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conformational changes that occur during the binding of heparin are transmitted through the 

protein to the proteinase-recognition site for inhibitor activation (3), and these changes in the 

protein can be followed by measuring the change in intrinsic fluorescence, based on 

tryptophan residues in the protein (1).  

 

Figure 3: The heparin-binding region of antithrombin. Made from the protein structure of PDB: 1E03 edited 

in UCSF Chimera (21) 

 

The antiangiogenic forms of AT include cleaved, latent and prelatent AT (fig 4). Both cleaved 

and latent AT have low affinity for high affinity heparin (HAH), and are both unable to 

inactivate proteinases. Prelatent AT has in contrast both high affinity for HAH and proteinase 

binding properties (5, 10). All these three variants are potentially important physiological 

factors in blood vessels due to their ability to inhibit angiogenesis and tumour growth (5). 

 

Cleaved AT (clAT) appears when the serpin exhibits full proteolytic cleavage, i.e. the reactive 

centre loop is cleaved and inserted into the middle of the A sheet. Latent AT (LAT) forms 

when native AT (nAT) is heated, and this form has an intact RCL inserted into the A sheet in 

a similar manner as described above (5, 7, 10). Prelatent AT appears when native AT is heat 

treated as for latent AT. Due to its anti-angiogenic ability it has gone through a 

conformational change, but not as severe as for the other two forms. This accounts for the 

reason that it still has affinity for HAH and proteinase inhibitory activity (5, 10). 
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Figure 4:The three conformational variants of AT. Made from the protein structures from PDB: 1E05, 1ANT 

and 1ATH, edited in UCSF Chimera (21).  

 

Table 1: Overview of the actions, effects and bindings of the different AT variants. 

AT variant/Effect Native Prelatent Latent Cleaved 

Heparin binding Yes Yes Yes Yes 

Anticoagulant Yes Yes (some) No No 

Anti-angiogenic No Yes (some) Yes Yes 

 

1.2 Problem Formulation 

It is well-known how native AT binds to heparin and how heparin bridges thrombin to AT 

(11). Although this has been thoroughly studied, nobody has to present date shown how the 

cleaved and latent forms of AT bind to the heparin polysaccharide chain. These two forms of 

AT have antiangiogenetic actions and are known to interact with heparin or heparan sulphate. 

It has not been understood how they do it though. 

 

Although it is possible to measure the change in fluorescence induced by the binding of low 

affinity heparin (LAH) to native (8% change) and latent (2% change) AT, no measurable 

fluorescence change can be obtained when LAH binds to cleaved AT. Therefore it would be 

valuable to develop a new method to study whether LAH binds stronger than HAH to LAT 

and clAT. 

 

We wanted to investigate whether cleaved and latent AT bind to heparin (HAH, LAH) at a 

different position in the amino acid sequence, or with more amino acid residues involved in 
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the binding than for native AT. Moreover, we wanted to elucidate if cleaved and latent AT 

bind to the same or to a different sequence of heparin than native AT. 

 

Many protein-heparin interactions have been studied (12, 13) by the use of BIAcore 

instruments, using the technology of Surface Plasmon Resonance (SPR), that registers the 

difference between an amount bound to a surface in a sample channel from that in a reference 

channel. Most of the previous studies on protein-heparin interactions used different methods 

to immobilise heparin, and it has been found that such set-ups are often accompanied by 

difficulties. This study was done to optimise a system for studying AT-heparin interactions 

when AT was immobilised. The purpose was to develop a new method to measure affinities 

of cleaved and latent AT for heparin. So a new or different means of immobilisation was 

tested, where we immobilised bovine serum albumin (BSA) as the ligand in the reference 

channel. We wanted to see whether this could improve the signal for heparin binding to 

cleaved and latent AT. 

 

From earlier studies (14) it has been shown that metal ions seem to increase the effect that AT 

has on proteinase inhibition. Therefore we wanted to know what effects calcium ions (Ca
2+

) 

have on AT, if it increases the inhibitory effects of the proteins or not. Calcium is especially 

interesting because it is one naturally occurring metal ion in cells of biological systems, which 

affects the efficiency of blood coagulation.  

 

We tested both isoforms of AT, to look especially at how AT binds to heparin in the 

presence of calcium ions. The test set-up included native AT, as well as native AT, 

activated by heparin. The most interesting facts about this kind of studies are that AT has not 

earlier been as extensively studied as AT, neither the native form nor any conformational 

variant of this isoform.  
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2 Experimental Procedures 

2.1 Protein purification 

Two litres of deep frozen human plasma, from healthy donors, was bought from Akademiska 

Sjukhuset in Uppsala. This volume was needed to obtain a significant amount of both the 

isoforms of AT. The plasma was thawn using a warm water bath, changing water several 

times, and then purified according to the protocol found in appendix A.  

 

2.2 SDS-PAGE 

The purified protein was subjected to SDS-PAGE to determine the purity of the - and -

forms of the protein. The protocol that was followed was that of Laemmli (1970) (22), with a 

10 % separation gel and a 4% stacking gel, and is further described in appendix B. 

 

2.3 Proteinase inhibition stoichiometry 

The stoichiometry of proteinase inhibition was determined as previously described (1) with 

thrombin used as the proteinase. The inhibitory action was monitored by adding the 

chromogenic thrombin substrate S-2238 (D-phenylalanyl-L-pipecolyl-L-arginyl-p-

nitroanilide) (Chromogenix, Mölndal, Sweden) to a constant concentration of thrombin that 

had been incubated with increasing concentrations of antithrombin. The substrate forms a 

yellow colour upon cleavage by thrombin, which can be monitored spectrophotometrically at 

405 nm. Thrombin (2.46 M active concentration) was incubated with increasing 

concentrations of - and -antithrombin, 2.77 M and 2.10 M respectively, in a range from 

0 to approximately 1.2 (AT /T) where 0 indicates no addition of inhibitor. The incubation was 

done at 25°C, for 4 hours, in a buffer of pH 7.4, physiological ionic strength and 0.1% (w/v) 

polyethylene glycol. Thereafter 5 l of the incubated solution was added to a photometric 

cuvette containing 995 l of the substrate, at a final concentration of 110 M in buffer. The 

initial rate of substrate hydrolysis at each molar ratio of [AT]/ [T] was determined. The first 

measurement, with 100% thrombin activity, was used as the comparing point. Every point 

measured afterwards was divided by the rate of the first, obtaining the residual thrombin 

activity in percent of the initial rate. Linear extrapolation in Excel was used to calculate these 
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data at the different molar ratios. The inverted value of the x-intercept gave the apparent 

stoichiometry of inhibition, which was used to calculate the active concentrations of the - 

and -fractions. 

 

2.4 Fluorescence titrations of antithrombin with high affinity heparin, HAH 

2.4.1 Stoichiometry 

The titration was done as previously described (1), in an SLM 4800 fluorometer (SLM 

Instruments, CA, USA). The titration program used subtracted the inner filter effect that 

affects the light on the way into the cuvette and through the sample, because of absorption at 

the excitation wavelength. The emitted light was not affected, because no absorption occurs at 

this wavelength. These measurements were done to determine the number of heparin-binding 

sites on the protein. According to earlier data this number of binding sites is equal to 1, and 

therefore, this method can be used to determine how much of the protein is active. For 

determination of the stoichiometry, the concentration should optimally be 100 times higher 

than the KD value of the reaction, to ensure that the inhibitor concentration results in maximal 

binding of the added heparin. The HAH used had a molecular weight (MW) of 15 kDa, 

corresponding to approximately 50 monosaccharide units, and was a kind gift of Prof. 

Ingemar Björk, Swedish University of Agricultural Sciences, Uppsala, Sweden. A reference 

sample (Rhodamine) was used in one chamber and the sample was placed in another 

chamber. The ratio of the signal in the sample to that in the reference was measured, to avoid 

the effects of lamp fluctuations. The protein concentration was 1 M in 2 ml solution (20 mM 

sodium phosphate buffer, pH 7.4, with 0.1 M NaCl, 0.1 mM EDTA; buffer filtered and 

degassed before use). The prepared concentration of the titrant, HAH, was 35 M in 200 l. 

The final addition resulted in a 3-fold higher concentration of high affinity heparin than the 

protein concentration in the cuvette. An acrylic disposable cuvette with a round magnet was 

used. When the ratio (F-F0)/F0 starts to even out, the raise is smaller than 0.02-0.03 after each 

addition, then the plateau is reached and the volume added should be increased. 

 

Excitation wavelength: 280 nm, bandwidth: 2 nm. Emission wavelength: 340 nm, bandwidth: 

16 nm. 
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The data obtained from the measurements were then processed in the program Kaleidagraph 

(Synergy Software, Reading, PA, USA), with the use of the following equation:  

 

(F-F0)/F0 =  

( Fmax/2n)×[(KD/[AT]0+n+[H]0/[AT]0)-sqrt((KD/[AT]0+n+[H]0/[AT]0)2-4n[H]0/[AT]0)] 

 

where 

sqrt= square root  

n=number of binding sites 

 

From the equations obtained the total active concentration of the protein could be deduced by 

the formula: 

n×present concentration = new concentration   

 

The effective concentration is calculated in relation between the concentrations of 

antithrombin towards that of heparin. 

 

2.4.2 Steady-state affinities 

The affinities were measured by steady-state fluorescence based on the tryptophan 

fluorescence change in the protein, induced by ligand binding in solution. 

 

The titrations were done as outlined above, on a SLM 4800 fluorometer (SLM Instruments 

Inc., Urbana, Illinois, USA). The protein concentration was 300 nM in 2 ml solution, for the 

-isoform, and 200 nM in 2 ml solution for the -isoform (20 mM sodium phosphate buffer, 

pH 7.4, with 0.1 M NaCl, 0.1 mM EDTA, 0.1 % (w/v) PEG8000; buffer filtered and degassed 

before use). The concentration of High Affinity Heparin was 10 times higher than the protein 

concentration in the cuvette. This large excess of heparin was needed for measurements on KD 

and to obtain smaller variation in the measured values. A molar ratio of 10 between HAH and 

inhibitor is needed and therefore because of a 10-fold dilution effect in the cuvette, there has 

to be a 10 times higher concentration of the titer factor (HAH) than the inhibitor. The 

prepared concentration of HAH was 32 M in 200 l, for AT, and 21 M in 200 l for 

AT.  
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The measurements were first done in the absence of calcium. Then similar measurements 

were obtained in buffers with increasing concentration of calcium, the buffer used was 

adopted from (14), and contained 20 mM Tris-HCl, 0.25 M NaCl, pH 7.4, 0.1% (w/v) 

PEG8000, ionic strength 0.3, 1.5 mM – 3.5 mM CaCl2, (in the references the calcium was 

exchanged for 0.1 mM EDTA). The required ionic strength of the buffer was 0.3 M, the 

preparation of the buffer was based on calculations from (20). A stock solution of 1 M CaCl2 

was made. For each concentration of calcium there were three measurements; this was also 

done for the references.  

 

The data obtained from the measurements were then plotted into a diagram, using the 

program Kaleidagraph, with the use of the following equation: 

 

(F-F0)/F0 = 

 ( Fmax/2)×[(KD/[AT]0+1+[H]0/[AT]0)-sqrt((KD/[AT]0+1+[H]0/[AT]0)2-4[H]0/[AT]0)]  

 

where 

[AT]0= total AT concentration in the cuvette 

[H]0  = Heparin, HAH, concentration in the cuvette 

sqrt=square root 

 

2.5 Biomolecular interaction analysis, BIA 

2.5.1 Surface Plasmon Resonance 

The technology behind the BIAcore instruments is based on Surface Plasmon Resonance 

(SPR).  With this technique it is possible to monitor changes close to a surface in real time. 

The advantage of using this technique over other techniques for determining affinities is that 

it depends on the surface sensitivity resulting from the optical contrast between molecules and 

water for detecting refractive index. It mainly depends on surface plasmons, i.e. when all 

electrons, in the vicinity of the surface, move in the same direction simultaneously, and 

affecting the plasmons will change the position where the resonance occurs. By replacing the 

water with a biomolecule close to the metal-ambient interface a change in optical contrast, 

refractive index, occurs. Further insight into the technology behind BIAcore is found in 

appendix D. 
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The measurement from a BIAcore instrument results in a sensor gram, which records what 

happens between the different sites of resonance. It offers kinetic monitoring of binding and 

determination of kon,koff ,KA . This system enables the monitoring of the immobilisation, 

interaction and regeneration for molecules in real-time without any labelling required. 

 

The hydrogel biochip technology, sensor chip CM5 from BIAcore, is built up by a glass slide 

covered with a 50 nm thin gold film. The gold film has a linker layer with the dextran 

hydrogel anchored to it. The dextran consists of linear chains of sugar anchored through 

carboxymethylation to the linker layer. 

  

2.5.2 BIAcore 2000 

The way to study interactions using SPR and the Kretschmann set-up has proven to be very 

sensitive and efficient. The system used for interaction measurements relies on flow cells on a 

sensor surface, a system of microfluidic channels transfer the interacting solution to the flow 

cells through the use of a flow system. The flow cells are formed after the microfluidic flow 

channels have come in contact with the sensor surface, where another interacting molecule is 

immobilised. The flow cell system used in the BIAcore 2000 is the serial system. The flow 

cells are coupled in series and can open and close independently due to valves regulating the 

flow via the software. Samples are injected directly through the flow cells, and a maximum of 

four interactions can be analysed simultaneously. One or more flow cells can be used as an 

on-line reference channel, allowing for the direct subtraction of a blank from the data set 

during analysis. The response from the blank will also appear on the screen during 

measurements, if this function is chosen (19). It is important that the BIAcore instrument 

always has a chip docked. 

 

The buffers used in the system were degassed and filtered through a 0.22 M filter.  

 

2.5.3 pH-scouting of bovine serum albumin (BSA) and LAT 

This was done to elucidate at which pH the immobilisation reaction should be performed, and 

the method used was pre-concentration. This phenomenon is important to achieve efficient 

immobilisation of the macromolecules, even from relative dilute solutions, and is based on 
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electrostatic attraction between negative charges on the surface matrix and positive charges on 

the ligand at pH levels below the ligand pI. Due to the fact that the pre-concentration is highly 

affected by the ionic strength and pH of the coupling buffer, the buffer used should have a pH 

value below the isoelectric point (pI) of the ligand, giving the ligand a net positive charge. 

The matrix on the CM series sensor chips is negatively charged above pH values around 3, 

this makes the positively charged macromolecules electrostatically attracted to the surface. 

When the pH of the buffer is too low, the electrostatic effect decreases as a result of the lower 

negative charge on the matrix resulting in a pre-concentration with lower efficiency.  

For proteins with pI between 3.5 and 5.5 the buffer should have a pH around 0.5 units below 

its pI. 

 

The pH-scouting procedure was performed using five 20 mM sodium phosphate buffers 

adjusted to five different pH values with 1 M citric acid. The different pH values used were 

2.8, 3.2, 3.7, 4.1 and 4.6, the pI of BSA being 4.7 in water at a temperature of 25 C. For LAT 

the different pH values in buffers were 4.6, 4.1, 3.6 and 3.1. The running buffer was chosen as 

the pH with the intermediate value, buffer with pH 3.7 (BSA), pH 3.6 (LAT). A concentration 

of 10 g/ml was prepared for the protein.  

 

The best buffer for immobilisation of BSA, LAT and clAT turned out to be the buffer with pH 

value of 4.1. For nAT the best buffer for immobilisation was that with pH 4.6. 

 

2.5.4 Immobilisation of bovine serum albumin (BSA), native, latent and cleaved AT 

The immobilisation of the different proteins was done with amine coupling on a 

carboxymethyldextran chip surface (fig. 5). The first step was to activate the chip surface with 

EDC and NHS in a 1:1 ratio. When the chip surface had been activated the protein was 

injected over the surface. In the first attempt to immobilise BSA, the concentration and 

volume used were as follows: [BSA] = 50 µg/ml, volume = 500 l. This high concentration 

resulted in a very fast increase in response, so the injection was stopped after only 3 l had 

been injected. In all the following immobilisations of BSA the concentration of the protein in 

volume was: BSA 10 g/ml, volume = 500 l. The injection was stopped after a volume of 

6-8 l had been injected, the lower concentration gave a slower rise in response that was 

easier to handle. The difference in injected volumes represents different levels of 
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immobilisation. The concentrations for the different variants of AT injected over the chip 

surface were as follows: nAT 50 g/ml , LAT 150 g /ml , clAT 100 g/ml , volume 

= 300 l. The protein was saturated with Idraparinux (a synthetic highly sulphated 

pentasaccharide designed based upon the unique sequence but with improved affinity for AT). 

The saturation was 99.6% for nAT, 99.93% for LAT and 99.94% for clAT. This saccharide 

binds to the interaction pocket of antithrombin, where the specific pentasaccharide sequence 

in heparin binds, and this prevents the binding site from reacting with the dextran matrix 

during the immobilisation procedure, making sure that the ligand can interact with the 

analyte. Ethanolamine was injected for deactivation of all still reactive groups on the chip 

surface. Regeneration of the active site in AT was done to remove the bound Idraparinux. 

 

 

Figure 5: Immobilisation of proteins to a carboxymethyldextran modified surface (16). 

 

Concentration series of analyte, HAH and low affinity heparin (LAH): 

[HAH] (nM): 2×0, 25, 50, 100, 250, 2×500, 750, 1000, 1250, 1500, 0 

[LAH] (nM): 2×0, 25, 50, 100, 250, 2×500, 750, 1000, 1250, 1500, 0 

 

It is important to have several zero concentrations in the series. The reason for this is to check 

that the binding drops, and serves a quality check so that all zero concentrations show the 

same binding affinities. In an ideal system the binding affinity would be zero in the final 

concentration. 

 

Steady state affinity analysis: 

Ligand: nAT, LAT, clAT 

Analyte: HAH, LAH 

 

1. The concentration series described above were used throughout all runs, 130-250 l of 

analyte was needed for each concentration.  
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2. Run – Application wizard – Kinetics – Conc. Series – Direct binding; Flow rate: 

30 l/min; Injection time: 2 min; Stabilization time: 2 min; Dissociation time: 7 min; 

Run Order: As Entered (write the concentrations of analyte in the form); 

Regeneration: Two injections; Flow rate: 30 l/min; Regeneration solution 1: 2M 

NaCl, 10mM NaPO4, pH 7.4; Injection time 60 s; Regeneration solution 2: binding 

buffer; Injection time : 60 s; Stabilization time after regeneration: 2 min. 

3. The results were analysed and evaluated according to Calculating affinity constant for 

1:1 interactions, Analyzing Steady-State Affinity Data in BIAevaluation (Biacore 

2004). 

4. The parameters from this evaluation were then processed in Kaleidagraph, using the 

same equation that the BIAevaluation program uses: 

Req
KA conc Rmax

KA concn 1
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3 Results and discussion 

3.1 Homogeneity of purified proteins 

The purified antithrombin samples were applied to an SDS-gel to confirm that they had been 

separated into two distinct isoforms. The gel (fig. 6) showed a difference between the bands 

corresponding to the molecular weight of one N-linked oligosaccharide, from the Asn135 

residue. The smaller -isoform had thus migrated longer than the one-oligosaccharide larger 

-isoform. 

 

Figure 6: SDS-PAGE. Lane 1 and 3: AT (4 g and 2 g). Lane 2 and 4: AT (4 g and 2 g). 

The arrow indicates the direction of migration. 

 

Spectrophotometric stoichiometric measurements (fig. 7, 8) based on the discontinous method 

for inhibition of thrombin gave an active concentration of 289 M (104%) for AT and of 

81.6 M (77.7%) for AT.  
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Figure 7. Stoichiometry for thrombin inhibition by α-antithrombin. Equation, % AT
act
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Figure 8. Stoichiometry for thrombin inhibition by β-antithrombin. Equation, % AT
act
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The stoichiometric measurements based on the intrinsic fluorescence change for the 

tryptophan residues of AT on heparin binding (fig. 9, 10) gave an effective concentration of 

268.8 M for AT and 85.5 M for AT. 
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Figure 9: Stoichiometric titration for heparin binding to α-antithrombin. m1×present concentration = new 

concentration. 
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Figure 10: Stochiometric titration for heparin binding to β-antithrombin. m1×present concentration = new 

concentration.  

 

The active and effective concentrations from the stoichiometries of thrombin inhibition and 

heparin binding, respectively, were similar. The slight differences could for instance result 

from errors introduced by the dilutions. 
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3.2 Calcium ion effects on antithrombin isoforms 

The fluorescence measurements conducted in the absence of calcium, for reference, gave KD 

values similar or equal to those obtained earlier for both AT isoforms (2). All results 

presented are the mean values of two to three measurements, ± the standard errors. The 

references in both of the different buffers (Table 2) gave similar values for AT, but for AT 

this gave a larger difference.  This could mean that AT is more sensitive for the buffer 

components than AT because the same ionic strength and the same pH were used in both 

buffers. The reason for changing buffer was that precipitation appeared when dissolving 

calcium chloride in sodium phosphate at a pH near 7.4, the precipitate being the insoluble 

calcium phosphate. 

 

Table 2: Reference dissociation constants for calcium titrations measured in two different buffers. 

Reference 
KD ( ) ± SE

a
 

(nM) 

KD ( ) ± SE
a
 

(nM) 

EDTA, Tris-buffer 68  5  30  6  

   

EDTA, sodium phosphate-buffer 106  8  32  3  

   
a: SE = Standard Error from KD of three titrations for sodium phosphate, and two titrations for Tris-HCl, at an 

ionic strength of 0.3. 

 

The results from the fluorescence titrations in calcium buffers with the same ionic strength but 

different concentrations of calcium chloride are the means of three measurements at each 

calcium concentration (Table 3, 4). The heparin, HAH, binding of -AT showed an increase 

in KD values when the calcium concentration was increased, with the highest point at 2.5 mM 

(fig. 11). The KD values for -AT showed in contrast a decreasing tendency, displaying higher 

affinity for HAH in the presence of calcium ions. The lowest points on the curve were at 1.5 

and 2.5 mM of calcium chloride (fig. 11). 
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Figure 11: Dissociation constants for the two antithrombin isoforms in different concentrations of Ca
2+

. 

Each point is the mean ±SE of three measurements at antithrombin concentrations comparable to KD at ionic 

strength 0.3 adjusted by NaCl. The data were evaluated in Kaleidagraph.  

 

Table 3:  

Titrations for AT with HAH. SE = Standard error 

[Ca
2+

] (nM) KD ± SE (nM) 

   

0.0 68  5 

1.5 91  3.5 

2.0 101  5 

2.5 131  3.5 

3.5 101  4 

 

Table 4: 

Titrations for AT with HAH. SE=Standard error 

[Ca
2+

] (nM) KD ± SE (nM) 

  

0.0 30  6 

1.5 16  2 

2.5 15  3 

3.5 19  3 

 

The lower KD values for AT in the presence of Ca
2+

 indicated a stronger binding affinity to 

HAH. The opposite was indicated for AT, where the binding to HAH was weaker when 

calcium ions were present. This finding is interesting, and the difference is significant (fig. 

11). The interaction between the glycosaminoglycan and the protein is dependent on the ionic 

strength since ~50% of the interaction between AT and HAH is caused by ionic interactions 

(1). These studies show that the binding also is affected by calcium ions due to a mechanism 



 20 

not related to the ionic strength of the buffer. The presence of these metal ions may be 

essential for the detection of a specific interaction between the -isoform and the 

glycosaminoglycan, which cannot be seen for the isoform. Calcium may be an important 

factor in the interaction of AT with the vessel wall (9) glycosaminoglycans, and enhance 

this effect of the serpin. Many of the targets for antithrombin need calcium ions for the 

binding of heparin, and for binding to the vessel walls (2). Calcium acts as a bridging factor 

between the GLA-containing serine proteinases and negatively charged phospholipids. 

Moreover, calcium may act as a shielding factor between the partly negatively charged active 

sites of the serine proteases and the negatively charged glycosaminoglycan, thus presenting a 

positively charged site for the binding of the sulphated polysaccharide. In combination with 

the effects seen for AT in the presence of calcium, this may be a reason why this isoform 

acts first and foremost towards the vessel wall proteases, where it is found in a higher 

concentration (9), and why this isoform is believed to be the most important isoform (2) for 

inactivating blood clotting proteinases at the vessel wall. 
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3.3 Steady-State Affinity Binding Analysis 

Bovine serum albumin was immobilised at different levels on the different dextran chips. 

During the first immobilisation, a larger concentration (50 g/ml) of BSA was used and the 

protein bound to the activated dextran surface very quickly, producing a high degree of 

immobilisation in a few seconds. In the following rounds of immobilisation, a lower BSA 

concentration (10 g/ml) was used and the interaction with the dextran surface was 

prolonged, and could be better controlled. The main reason for the fast interaction between 

the protein and the activated surface was that all available amino groups on BSA could 

interact, and the buffer pH was optimal for binding. During the immobilisation procedure, the 

BSA molecules that have bound to the surface through non-specific binding are removed 

during the treatment with ethanolamine. This needs to be taken into account in order to reach 

the desired immobilisation level. This loss is smaller when less protein is bound to the 

surface. For a desired immobilisation level of 2500 RU, an excess of approximately 3500 RU 

needs to be immobilised to obtain the desired amount of BSA in the flow cell.  

 

The immobilisation of the different antithrombin variants was controlled by adding a 

pentasaccharide (Idraparinux) that binds with very high affinity for AT, in the same region as 

the pentasaccharide portion of HAH binds. The protein sample prepared for immobilisation 

was saturated with this pentasaccharide and then immobilised. The reason for adding this 

pentasaccharide was to prevent the pentasaccharide binding-site from being occupied in the 

amino-coupling. After regeneration and removal of the Idraparinux molecule this site should 

be available for the binding studies. As for BSA a fraction of the immobilised AT was lost 

during ethanolamine treatment. To obtain the desired level of immobilisation for AT the bulk 

effect from Idraparinux also needs to be taken into consideration. Between 1000-3000 RU 

was released by the ethanolamine treatment, depending on the amount of nAT desired for 

immobilisation. For LAT an amount of approximately the same RU as the desired 

immobilisation level was released after ethanolamine treatment. So a doubling of the target 

response was required. To immobilise cleaved AT in the appropriate amount at least 2500 RU 

was released after ethanolamine injection, for a desired level of 1300 RU. 

 

Previous studies in the laboratory using AT as the ligand, have shown that the response for 

latent AT and for cleaved AT upon heparin binding is much lower than for native AT when 

the AT forms were immobilised in the presence of Idraparinux. The much higher affinity of 
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HAH than of LAH for native AT has not been observed for either cleaved or latent AT. 

Furthermore, the signal from the reference channel has been large, due to a bulk effect from 

the repelling action between the heparin molecules and the charged surface. This was the 

reason why we introduced the addition of BSA in the reference channel as an attempt to 

overcome the large signal obtained in the absence of bound protein. 

 

For native AT two different degrees of immobilisation in relation to that of BSA in the 

reference channel were tested, one that had more BSA immobilised than AT (Table 5, fig. 12) 

and one that had nearly equal amounts of protein in both channels, somewhat higher AT 

(Table 6, fig. 13). The best results were obtained when more BSA was immobilised than AT, 

and to a higher degree for both the proteins. The data from those measurements could be 

properly evaluated in the Kaleidagraph program, and curve fitted using the same equation as 

the BIAevalution program.  Two runs for each heparin form was conducted over the first 

chip, to see if we could repeat the experiment and obtain similar values. The responses from 

the second run were lower than those from the first, presumably because native AT is 

somewhat unstable.  

 

Table 5: First test set-up for immobilisation of BSA and nAT, level of immobilisation for BSA (4900 RU) and 

nAT (3200 RU). 

The same chip was used in all four rounds of interaction analysis above. The first rounds with analyte, as well as 

the second round with HAH gave the best results, agreeing with earlier data (KD (HAH): 32 10 nM, (LAH): 

19000 6000 nM). The first round also gave the highest response and a clear difference between the two heparin 

moieties.  

Test set-up 1 KD (BIACORE) 

(nM) 

KD (Kaleidagraph) 

(nM) 

Rmax 

1) HAH 16  16  21,3 

    

1) LAH 7190  1050  18,6 

    

2) LAH 3,02  708  2,37 or 4 

    

2) HAH 44  44  17,7 
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Figure 12: Test set-up 1, steady-state affinity binding analysis for LAH and HAH.  

The curves from which the dissociation constants, in table 5, were obtained are shown, nAT (3200RU).  

 

Table 6: Second test set-up for immobilisation of BSA and nAT, level of immobilisation for BSA (800 RU) 

and nAT (950 RU). 

One chip was used for these measurements, displaying a lower response for both heparins, and the KD value for 

LAH further off from those obtained earlier. The KD for HAH was not too far away from those from test set-up 1. 

The difference between the analyte curves was visible in this set-up too. 

Test set-up 2 KD (BIACORE) 

(nM) 

KD (Kaleidagraph) 

(nM) 

Rmax 

1) HAH 55,9  56,1  11,8 

    

1) LAH 29,9  30,0  1,7 
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Figure 13: Test set-up 2, steady-state affinity binding analysis for LAH and HAH.  

The curves from which the dissociation constants, in table 6, were obtained are shown, nAT (950RU). 
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The tables above (table 5, 6) show what effect different levels of immobilisation have on the 

same binding analysis experiments. In the case when more protein was immobilised, we 

found that a higher response was reached, indicating that more heparin bound to AT. If a high 

response is aimed at, a higher level of immobilisation should be performed. The most 

significant difference when running the binding analysis over the different chips was that the 

parameters became less steady when more nAT was immobilised than BSA.  The reason for 

this can either be due to the lower level of immobilisation or the lower amount of BSA in the 

reference channel.  

 

After evaluating the first rounds of binding affinity analysis, taking the level of 

immobilisation into account and the results obtained from the two different set-ups, it was 

clear that the reference channel should have a higher degree of immobilisation. There should 

also be a rather high degree of immobilisation in the analysis channel, but not higher than in 

the reference channel. When doing the same analysis as above for latent and cleaved AT the 

reference channel had around 1000 RU higher degree of immobilisation 

 

Table 7: Third test set-up for immobilisation of BSA and first for LAT, level of immobilisation for BSA (2500 

RU) and LAT (1400 RU). 

During the first HAH and LAH concentration series the baseline was not straight enough and showed too much 

of variation. For this reason they were done once more, showing better results. Earlier KD values for LAT 

(HAH: 4400 800nM, 2400 500nM), (LAH: 200 100nM) (from fluorescence titrations, (23)) seemed to agree 

more with the last two runs, even if the difference between the measurements are significantly larger particularly 

for the LAH binding. 

Test set-up 3 KD (BIACORE) 

(nM) 

KD (Kaleidagraph) 

(nM) 

Rmax 

1) HAH 4490  64,7  (-9,3) or 1,75 

    

1) LAH 5,78  5,78  1,86 

    

2) HAH 1760  660,5  6,83 or 4,4 

    

2) LAH 20  20  1,8 
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Figure 14: Test set-up 3, steady-state affinity binding analysis for LAH and HAH.  

The curves from which the dissociation constants, in table 7, were obtained are shown. LAT (1400 RU). 

 

Table 7 shows that the KD for binding between LAT and LAH does not sufficiently agree with 

earlier obtained data from fluorescence titrations. The resulting curve fits (fig. 14) of the 

difference between HAH and LAH binding show a steeper rise in the curve for LAH, in 

agreement with the higher affinity for this heparin form. These results show that LAT might 

not need or prefer the same pentasaccharide sequence that is essential for native AT binding 

to heparin.  

 

Table 8: Fourth test set-up for immobilisation of BSA, first for clAT. Level of immobilisation for BSA (2300 

RU) and for clAT (1600 RU). 

Two runs on the LAH concentration series were done to try to obtain better parameters. Earlier results for clAT: 

(HAH: 1800 90nM, LAH: n.d., from fluorescence titrations (23)). 

Test set-up 4 KD (BIACORE) 

(nM) 

KD (Kaleidagraph) 

(nM) 

Rmax 

1) HAH 2440  2440  32 

    

1) LAH 539 000  n.d. 154 or 10,8 

    

2) LAH 100 000  No curve-fit possible 2,74 
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Figure 15:  Test set-up 4, steady-state affinity binding analysis for LAH and HAH. 
The curves from which the dissociation constant, in table 8, were obtained are shown. ClAT (100 RU).  
 

The result from table 8 is for HAH in agreement with earlier values of KD (obtained from 

fluorescence titrations). In contrast it is obvious that the response achieved by LAH binding to 

cleaved AT was too low to give any accurate quantification of KD. Previous studies in the 

laboratory, when the immobilisation level of cleaved AT was lower and the reference channel 

was devoid of BSA, however, showed that LAH had higher affinity than HAH for the cleaved 

form. The response was, however, at that time also lower for LAH than for HAH binding.   

 

The best reasonable explanation for this behaviour of cleaved AT towards HAH and LAH is 

that the site for binding is partially or fully incorporated in the immobilisation reaction with 

the dextran matrix of the chip surface. It is possible that more residues, more reactive groups 

or a different part of the protein is involved in the heparin binding than in the other variants. 

This larger interaction site is partly taken care of with the binding of Idraparinux for 

protection, but it appears that not the entire site is protected. This also means that the heparin-

binding site is inactive somehow when heparin is injected over the surface, thereby explaining 

the low response in all these studies. An alternative explanation could be that the number of 

LAH chains that contain the heparin sequence required for the interaction with cleaved AT is 

much lower than the total amount of LAH. 

 

When comparing the results from this study (fig. 12-15) with protein in the reference channel 

against earlier results with no protein in the reference channel (appendix F), there has been an 

improvement in the visible difference. There is a more significant difference between HAH 
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and LAH binding to native AT in the set-up used in this study than what has been seen before. 

This difference can also be seen for LAT and cleaved AT, between HAH and LAH, but less 

clearly. There is however an improvement from earlier studies, showing where the stronger 

affinity lies more specifically. See appendix F for the comparing test set-up graphs. 

 

The results from the different runs on different AT variants showed that native AT has a 

higher affinity for HAH than for LAH and that LAT has a higher affinity for LAH than for 

HAH.  

 

The importance of having a stable baseline in the different flow cells could be clearly 

visualized when evaluating the first run on latent AT, where the baseline in the flow cells 

sank and the subtraction between them rose. The resulting parameters obtained from this run 

were all negative, the Rmax being negative and the evaluation in Kaleidagraph turned out to be 

negative too. Achieving a stable baseline before running the steady-state binding analysis is 

very important to get appropriate results, in consideration of the relatively low response 

obtained by this BIAcore set-up.  

 

In table 5 and 7 big differences can be seen between the different evaluations of the same run, 

when doing the evaluation in BIAcore and in Kaleidagraph. The same equation is used in both 

programs, or it is said to be the same equation. The same parameters are used when doing the 

curve fits and still there is a difference, sometimes really big. What this difference means or is 

resulting from would be interesting to know, to be able to better compare the two programs.  

One explanation for this behaviour may be that they use different variables, and calculations 

for obtaining a proper fit to the parameters. So you have to consider which program that is 

more adequate in its calculations.  
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4 Conclusions 

This project has answered the questions that were asked and given results that showed 

interesting features about the actions of -AT.  

 

The results from the fluorescence titrations with HAH in the presence of calcium, gave useful 

insights into the effect of calcium on the binding for the two glycosylation isoforms of AT. 

The different behaviour of the two isoforms in the presence of calcium may be a reason for 

their variable effects in different environments. Making the -isoform more prone to react to 

the vessel wall glycosaminoglycans and be the first AT form that interacts with proteinases, 

thus giving the first anticoagulant responses.  

 

From the steady-state affinity binding analysis in BIAcore it was clear that immobilising a 

protein in the reference channel of nearly the same size as the one immobilised for analysis 

gave higher sensitivity and a more clearly visible difference between the binding of HAH and 

LAH. The values of KD from these measurements were, in the whole, consistent with earlier 

data. The most interesting observation was that a higher degree of immobilisation in the 

reference channel gave better steadiness of the obtained values from measurements.  

 

From the results for heparin binding analysis to cleaved AT, especially for LAH, it appears 

that this AT variant binds to heparin with a different amino acid sequence than the other 

variants or that the heparin fractions contain the required sequence for this interaction to a 

lower extent. Either or both of these explanations resulted in difficulties trying to immobilise 

this variant on a dextran surface with protection of the heparin-binding site, when this site is 

partly or fully unknown.  

 

Latent AT has a higher affinity for LAH, which was clearly shown, and this difference in 

affinity towards the two heparin moieties shows that another sequence of heparin binds to 

LAT more strongly than the known pentasaccharide sequence of HAH.  
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4.1 Future Prospects 

With all the results and tendencies in this study in mind it would be interesting to further 

investigate how -AT actually functions in the presence of calcium. This would be studied 

through its main inhibitory action, i.e. thrombin inactivation enhanced by heparin binding in 

the absence and presence of calcium. It would also be interesting to study the actions of -AT 

against Factor Xa in the presence of heparin and calcium, and in the presence of only calcium.  

 

A new method needs to be developed to continue affinity measurements for cleaved and latent 

AT towards heparin or other glycosaminoglycan sequences. It would be interesting to 

compare different methods involving immobilisation of an albumin-heparin conjugate, using 

albumin as a spacer (13) and using the AT forms as analytes rather than ligands. Bovine 

serum albumin (BSA) would be immobilised as the ligand in the reference channel, because 

the results from this study have shown that a stronger signal is recorded with this molecule 

immobilised as the reference. 

 

To connect the studies made in BIAcore with the fluorescence titrations with calcium it would 

be interesting to immobilise heparin in some way, most likely through a heparin-albumin 

conjugate, and study the interaction of -AT with heparin, both HAH and LAH, in a calcium-

Tris buffer.  To continue on this road it would also be interesting to test -AT in the calcium 

buffer, over the same chip surfaces with immobilised HAH and LAH.  

 

The possibility to study different competitive-inhibitory assays with either HAH or LAH 

immobilised increases when they are bound in complex with albumin. The chip surface 

stability increases when heparin is immobilised and can be used more times compared to 

when AT is immobilised. This makes it suitable to prepare two chips, one with LAH and one 

with HAH, and perform steady-state affinity binding analysis with latent and cleaved AT, on 

separate runs, together with HAH or LAH free in solution, depending on the sort of 

immobilised heparin.  This competitive assay can thereby show which form of heparin that 

binds best to the different variants, and if they bind on different sites of the protein or if the 

binding sites of heparin is located elsewhere on the polysaccharide chain. This assay can also 

show whether AT binds better to immobilised heparin or to heparin in solution. 
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Appendices 

(A) Purification protocol 

 

When the fresh-frozen plasma was completely thawn it was applied to a ~160 ml equilibrated 

Heparin Sepharose chromatography column (CL6B from Amersham), flow rate 1-2 ml/min. 

The column were equilibrated with binding buffer prior to use and 3×5 litres of equilibration, 

binding and washing buffer (20 mM sodium phosphate, 0.1 M NaCl, 0.1 mM EDTA, pH 7.4) 

had been prepared beforehand. The application of the plasma was performed with a 

mechanical pump with a flow rate of 1-2 ml/min. After 36 hours of washing, the plasma 

bound to the column with buffer was measured by the absorbance at 280 nm on the eluate. 

Preferably it should be lower than 0.05. The entire chromatography column was then moved 

into the cold room, equilibrated with equilibration buffer at a flow rate of 3 ml/min and 

coupled to a FPLC, Fast Protein Liquid Chromatography (Pharmacia Fine Chemicals). The 

column was then treated with a buffer with higher salt concentration, buffer B, (20 mM 

sodium phosphate, 3 M NaCl, 0.1 M EDTA, pH 7.4), added through a program in the FPLC. 

The gradient started with a flow rate of 3 ml/min and was segmented as follows: 

 

0 min  B = 0% 

400 min B = 60% 

420 min B = 100% 

760 min B = 100% 

770 min B = 0% 

880 min B = 0% 

 

This was done to separate the two isoforms into different fractions. 4 min (12 ml) fractions 

were collected during the elution time. -AT usually appears in a peak somewhere between 

fractions 50-85. -AT usually appears in a peak somewhere between fractions 110-150, this 

peak is not always visible in the UV absorbance region. The fractions collected for α-AT was 

number 51-90, and for β-AT number 113-140. 

 

All buffers were filtered and degassed prior to use in the FPLC system.  
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After separating the two isoforms, the fractions for - and -AT were pooled individually and 

treated separately in the following rounds. 

 

The collected fractions were concentrated using ultracentrifugation and then dialysed with 

binding buffer. The dialysis membranes were treated with 1 mM EDTA at 60°C for 15 

minutes prior to use, stored in 1 mM EDTA. The treatment with EDTA was done to remove 

most of the metal ions. Prior to use the membranes were washed thoroughly both inside and 

outside with Milli-Q water. 

 

The next step in the purification process was ion exchange chromatography, with the use of a 

400-500 ml DEAE Sephadex column coupled to the FPLC. This was done to further purify 

the proteins. 

 

The fractions that had been concentrated and dialysed were applied to the column, through an 

injection loop of 4 ml, two injections were needed for AT and one injection for AT. The 

injection into the loop was done through the Load valve.  After the injection of sample into 

the loop, the valve was switched to Inject, and binding buffer (buffer A) was pumped at first 

for 6 min (injection 1,  and isoforms) then for 8 min (injection 2, only isoform) 

through the loop system. The program on the FPLC added the elution buffer (buffer B:  20 

mM sodium phosphate, 1 M NaCl, 0.1 mM EDTA, pH 7.4) with the following gradient: 

 

0 min  B = 0% 

60 min  B = 0% 

560 min B = 70% 

610 min B = 100% 

630 min B = 100% 

650 min B = 0% 

710 min B = 0% 

 

The samples were eluted following the increasing ionic strength, and fractions of 4 min (12 

ml) were collected. The chromatogram showed peaks where the protein was detected. From 

this chromatogram the fractions for the gel chromatography, size exclusion separation, could 
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be chosen. Antithrombin usually appears somewhere between fractions 50-70. The fractions 

collected for α-AT and β-AT were number 50-62 and 60-70, respectively. Fraction numbers 

63-70 in the α-AT-pool were saved because this region had showed a smaller peak in the 

chromatogram. The smaller peak could result from aggregation or contamination of the β-

isoform. The newly collected fractions were again concentrated and dialysed. After dialysis 

they were once again concentrated to decrease the volume to a maximum of 4 ml, suitable to 

make only one injection of sample into the gel chromatography column. 

 

The gel chromatography was run on a S-200 gel chromatography column (1 m long), coupled 

to the FPLC, at flow rate 0.3 ml/min. The 4 ml- and 2 ml-samples of - and AT, 

respectively, were injected through the loop system with the valve in position Load, the 

fraction collector was started and then the valve was switched to the Inject position with the 

injection flow rate of 0.3 ml/min. The elution was performed isocratically with binding buffer 

at a flow rate of 0.3 ml/min. Fractions were collected during 14 min (4.3 ml), at a sensitivity 

of 1. The antithrombin fractions usually appear somewhere between 15-25, and that is where 

the fractions from this chromatography step were collected for both AT and AT. The 

UV-absorbances of the different fractions were measured, for determination of which 

fractions that contained AT. The first visible peaks of the chromatogram are usually 

aggregates or dimers, and these parts are not wanted in the final protein sample. The 

absorbance was measured at 260 nm, 280 nm and 320 nm using only 100 l of each fraction. 

The most interesting fractions would have a ratio, A260/A280, of approximately 0.6. For AT 

7 fractions (30.1 ml) were collected, and for AT 6 fractions (25.8 ml) were collected.  

 

The chosen fractions were then pooled together, concentrated to a suitable volume for an 

appropriate final concentration of the protein. The dominating isoform reached a final volume 

of 2.5 ml and a concentration of 278 M (16.08 mg/ml). The other isoform reached a final 

volume of 1 ml, and the concentration 105 M (6.106 mg/ml). The concentrations were 

calculated from the absorbance (A280) with the use of a molar extinction coefficient of 0.65 

litres g
-1

 cm
-1 

(37,700 M
-1

 cm
-1

) for AT. 

 

Two samples of each isoform were selected for a wavelength scan. The samples were diluted 

to a concentration of about 20 M each, and a volume of 500 l. The wavelength scan was 

performed on a Hitachi U-2000 spectrophotometer between 330 nm and 250 nm. 
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The volumes of purified protein was then divided into aliquots, snap-frozen by the use of 

liquid nitrogen, and stored at -70°C.  

 

(B) SDS-PAGE 

 

Two concentrations of each isoform were analysed, 2 g in 10 l and 4 g in 10 l. The 

samples were prepared by boiling in sample buffer (25 l SDS, 60 l glycerol, 10 l -

mercaptoethanol (reducing agent), 3.5 l 1% BFB) for 3 min at 100 C. 10 l of each sample 

and 2.5 l sample buffer were mixed. Before polymerisation of the gel 10% APS and Temed 

was applied to the gel solutions. The volume of each sample preparation applied to the gel 

was in total 12.5 ml. During the gel run the voltage in the stacking gel was 50 V and then 

increased to 150 V in the separation gel. Equipments used were from BioRad. The staining 

procedure used was Coomassie Brilliant Blue, with the destaining solution (methanol: acetic 

acid: H2O) in ratio 3:1:6. The gel was destained with several changes of destaining solution 

during gentle mixing until the background was transparent. 

 

(C) Equations for curve fit in Kaleidagraph 

 

Equation used in Kaleidagraph for fitting of the curves in stoichiometry titrations 

y=(m3/(2m1))*((m2+m1+m0)-sqrt((m2+m1+m0)*(m2+m1+m0) – 4m1*m0)); m1=1; m2=1; 

m3=1 

where 

  m0 = [H]0/[AT]0 

  m1 = n; number of binding sites, % of active protein 

  m2 =  KD/[AT]0 

  m3 =  Fmax; the maximum fluorescence change 

   

 

 



 37 

Equation used in Kaleidagraph for fitting of the curves in steady-state affinity titrations 

y=(m2/2)*((m1+1+m0)-sqrt((m1+1+m0)*(m1+1+m0)-4*m0));m1=1;m2=1 

where 

  m0 = [H]0/[AT]0 

  m1 = KD/[AT]0 

  m2 =  Fmax; the maximum fluorescence change 

 

(D) Background to SPR  

 

Surface plasmon is a kind of plasma, a system that consists of two distinct charged particles 

where at least one of them is free to move in any direction. The action of the electrons 

(surface plasmons) gives rise to a wave, which can be increased by sending in photons with a 

typical wavelength. The wavelength of the photons that will increase the effect should be in 

resonance with the electrons/plasmons. The light source of the photons is monochromatic, i.e. 

has only one wavelength.  

 

The theory behind this physical action and how to use it in measurements is described below: 

It is based on the angular frequency, 2 the dispersion relations for photons, k
c

a  

and plasmons, ksp
c

( ) a

( ) a

 (where k= wave vector, c= velocity of photons, =dielectric 

constant) 

 

When the photon and the plasmon have the same frequency it leads to conservation of energy. 

To gain this effect the set-up is based on total internal reflection. The light source, a laser, first 

hits the surface of a medium with a different dielectric constant than the surroundings, e.g. 

glass, and then travels through to the facing surface, a thin metal of approximately 50 nm 

(5Å). The incoming beam of light has a wave vector, k, that when it hits the layer interface 

induces two other wave vectors (fig. 16), one between the glass and metal and one between 

the metal and the surroundings.  
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Figure 16: A total internal reflection set-up, showing momentum conservation and resonance. 

 

These two vectors, kx and ksp, should be equal when resonance occurs. The largest value is 

obtained when the incoming laser beam is parallel to the surface; the lowest value is obtained 

at the moment of total internal reflection (fig. 17). For the coupling procedure of the photons 

and the plasmons to occur it is necessary to adopt an asymmetric total internal reflection 

(TIR) set-up.  

 

Figure 17: The reflectance curve or SPR curve. The lowest point shows the resonance angle, ksp, the x-axis 

shows kx and the y-axis is what you measure, R(kx), See figure 16. 

 

The variant of SPR used for BIA purposes is angular SPR. When all light intensity has 

dropped, i.e. has been transferred to the surface plasmons, the laser scans between the lowest 

and largest values to find where the light intensity is at its minimum. The factor measured 

using this technique is the refractive index.  
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Figure 18: At the intercept of (II) and (III), dispersion curves for surface plasmons and light in glass, resonance 

of the surface plasmons occurs. (I) The dispersion curve for light in air. (17) 

 

When resonance occurs, kx ksp (fig. 18), the following equation gives the means for the 

refractive index: 
c

g sin sp
c

a

a c
a

c
na . 

For small 
sp : sin sp sp

, which implies 
sp na : 

Where 
sp

 sensor signal, na  refraction index detected. When the angel changes so 

does the refractive index.  

 

The main advantage of using this technique is that it depends on the surface sensitivity 

resulting from the optical contrast between molecules and water for detecting refractive index. 

Affecting the plasmon will change the position where the resonance occurs. By replacing the 

water with a biomolecule close to the metal-ambient interface a change in optical contrast, 

refractive index, occurs in an asymmetric system.  

The optical contrast is defined as the sensing quality, as follows:  

sp n RIU g /cm2
, 

which corresponds to: 

Angular shift  Refractive index = Surface concentration. (RIU-refractive index units) 

 

The importance of achieving resonance during measurements has to do with the evanescent 

field perturbing out from the surface of the metal into the surrounding medium. The 

propagation of the electric field increases at resonance, when all the energy from the photon is 
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transferred to the plasmon, and the evanescent field “explodes” giving approximately a 20 – 

30 times increase. This increase defines the sensing depth of the system, and the penetration 

depth is about 200 nm. It is desired to have the largest amount of molecules as close to the 

surface as possible, to gain the strongest effect and strongest signal. For the ultimate use of 

the evanescent field the BIAcore system uses a 3D hydrogel extending throughout the field. 

The set-up used during BIA measurements is “The Kretschmann set-up” (fig 19), where the 

angular shift response as a function of distance from the surface is measured. This gives that 

the evanescent field follows the response. The 3D-gel distributes molecules throughout the 

entire evanescent field, resulting in that all molecules contribute to the total response by 

altering the refractive index. Molecules with properties as different from water as possible 

give the best response.  The hydrogel also allows proteins to stay native when immobilised, 

and minimises non-specific binding (19). 

 

 

Figure 19: Kretschmann set-up (18) 
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(E) BIAcore 2000 protocols for docking/undocking a chip, pH-scouting and 

immobilisation 

 

To change a chip in BIAcore you have to use Command – Undock, in the menu. Then when 

the new chip has been inserted choose Dock. When that is done you should run the Prime 

procedure, with the buffer of choice.  

 

To start the pH-scouting you go to the menu, choose Application Wizard – pH-scouting, 

and follow the instructions. When it is time to choose buffers you add new if yours are not 

already in the system. During this run the flow rate was set to 20 l/min, time: 2 min, use 

flow cell: 3, wash after: single injection 20 l/min, 1 M ethanolamine for 20 s. The 

regeneration with ethanolamine is done to remove the electrostatically bound molecules from 

the surface and regenerate the initial state for the following rounds. For this procedure it is 

needed 80 l of ligand in each buffer and 216 l of ethanolamine. The evaluation of the 

results gives that the buffer for which the greatest response, in RU, is achieved will be best 

fitted for the immobilisation step.  

 

Immobilisation of bovine serum albumin 

The protocol followed for the immobilisation with amino coupling on a CM5-chip is outlined 

below. The flow cell used for the immobilisation of the reference was Fc1. 

1. Change buffer to the buffer for immobilisation (20 mM sodium phosphate, citric acid 

pH 4.1), run Prime (7 min). 

2. Run Sensorgram, choose your flow cell and flow rate 30 l/min. 

3. Change flow rate to 5 l/min: (Command - Flow). 

4. Inject 1:1 EDC/NHS (stored at -20 C, in separate tubes) to activate the sensor surface. 

Command – Inject; choose the tube position and the volume 35 l (needed volume is 

actually 65 l). Mix 100 l EDC with 100 l NHS in a tube prior to injection and be 

aware of bubbles that will interfere with the procedure. 

5. Immobilisation of BSA (reference). Command – Inject: choose tube position and 

volume (100 l).  
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6. Injection of 1 M ethanolamine, pH 8.5, (stored in a refrigerator) was done for 

deactivation of all still reactive groups on the chip surface. Command – Inject; 

choose tube position and volume 35 l (needed volume is actually 65 l). 

7. Change flow rate to 30 l/min (Command - Flow). 

8. Stop Sensorgram. 

Change the buffer to running buffer (I:0.15, pH 7.4, 20 mM sodium phosphate, 0.1 M NaCl, 

0.1% PEG8000, 100 M EDTA). Choose Tools – Working Tools – Prime. 

 

Immobilisation of antithrombin (native, latent, cleaved) 

The same protocol was followed for this immobilisation as the one for BSA, with the 

exception under step 5 and from step 8 forward with more steps. The immobilisation buffer 

used was 20 mM sodium phosphate, citric acid pH 4.6. 

5. Immobilisation of AT (ligand) on flow cell 2. Command – Inject: choose tube 

position and volume (150 l), if the desired immobilisation level had not been 

reached, a second injection was done. 

6. Injection of 1M ethanolamine, pH 8.5, (stored in a refrigerator) was done for 

deactivation of all still reactive groups on the chip surface. Command – Inject; 

choose tube position and volume 35 l (needed volume is actually 65 l). 

7. Change the flow rate to 30 l/min (Command - Flow). 

8. To remove the bound Idraparinux from the immobilised AT an injection of a 

regeneration buffer (2 M NaCl, 10 mM sodium phosphate, pH 7.4) was done. 

Command – Inject; choose tube position and a volume of 100 l. 

9. Stop Sensorgram 

10. The buffer was changed to running buffer (I:0.15, pH 7.4, 20 mM sodium phosphate, 

0.1 M NaCl, 0.1% PEG8000, 100 M EDTA) followed by the prime procedure, Tools 

– Working Tools – Prime.  

11. To perform a steady state affinity analysis directly choose Run - Start Sensogram 

and let it run until the base line is steady. 

12. To run a measurement the next day, let the chip remain in the BIAcore apparatus and 

let running buffer flow over the chip over night. Tools – Working tools – Standby. 

13. When the chip will not be used for a while, take it out from the BIAcore, Command – 

Undock. Store it in a 50 ml falcontube with some ml of buffer+ NaN3, the chip must 

stand with the arrow upwards. Store in the refrigerator. 
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(F) BIAcore test set-up graphs 

Reference channel has no protein   Degree of immobilisation 
 

 

 

 
 

 

 

 

 


