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Sammanfattning 

 

Resistens mot antibiotika är ett växande problem vid behandling av sjukdomar. Eftersom 
utvecklingen av nya läkemedel går långsamt försöker man även hitta metoder för att förhindra 
resistens mot redan existerande antibiotika. Resistens mot aminoglykosidiska antibiotika kan 
uppstå genom modifierande enzymer. En lösning som anses vara hoppingivande för att 
förhindra uppkomsten av antibiotisk resistens mot aminoglykosider är att utveckla så kallade 
bredspektrum-inhibitorer som verkar mot fler än en klass av modifierande enzym. 
 
Aminoglycoside-3´-O-fosfotransferas är ett enzym som modifierar den aminoglykosidiska 
antibiotikan kanamycin. Enzymets modifierande effekt ger upphov till resistens mot 
kanamycin. Denna effekt kan förhindras genom att inhibitorer binder till enzymet. I den här 
studien undersöktes interaktioner mellan enzymet aminoglycoside-3´-O-fosfotransferas och 
de två inhibitoriska bredspektrum-peptiderna indolicidin och protegrin. Interaktionerna 
studerades i första hand med hjälp av metoder inom kärnmagnetisk resonans-spektroskopi 
(NMR-spektroskopi). Resultaten jämfördes sedan med data erhållna från undersökningar 
utförda med hjälp av ytplasmonresonans (SPR). Det kunde fastställas att de båda peptiderna 
binder till aminoglycoside-3´-O-fosfotransferas och att indolicidin binder till det kanamycin-
bindande sätet hos enzymet. Inbindandet av indolicidin till det kanamycin-bindande sätet 
skulle kunna förklara indolicidins inhibitoriska verkan på enzymet, där dess verkan förhindrar 
kanamycinresistens. 
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1. INTRODUCTION 

 

1.1 Aminoglycoside antibiotics and antibiotic resistance 

Aminoglycoside antibiotics are active against prokaryotes and are also produced by 

prokaryotes. They contain amino sugars bonded by glycosidic linkage to other amino sugars 

(Figure 1).  

 

 

 

 

 

 

 

 

 

Figure 1. The aminoglycoside antibiotic kanamycin. The asterisk indicates the site of phosphorylation 
performed by kanamycin kinase on kanamycin. The illustration was reprinted from [2], with permission from 
Elsevier. 
 

The aminoglycoside antibiotics include for example streptomycin and kanamycin and they 

inhibit the protein synthesis at the 30S subunit of the ribosome. These antibiotics are used 

clinically against gram-negative Bacteria, but the use of aminoglycosidic antibiotics has 

decreased and they account for only 3 % of the total used and produced antibiotics (Figure 2). 
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Figure 2: Production and use of antibiotics (worldwide/year). One estimate that over 500 metric ton of 
antibiotics are yearly manufactured. The illustration was adapted from [1]. 

 

A major problem by the use of antibiotics for treatment of diseases is that resistance against 

the antibiotics can be engendered. Most antimicrobial resistance involves resistance genes that 
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are transferred by genetic exchange and these genes can at times be transferred to other 

organisms. Some microorganisms possess a natural resistance to some antibiotics. This 

natural resistance may have been inherited due to several factors [1]: 

1) The structure, which the antibiotic inhibits, may be missing in the organism. 

2) The organism may be impermeable to the antibiotic. 

3) The antibiotic may be modified in an inactive form by the organism. 

4) The organism may modify the target of the antibiotic. 

5) Alteration may occur in a metabolic pathway that the antimicrobial agent blocks. 

6) An antibiotic that has entered the cell may be pumped out by the organism (efflux). 

 

Resistance to aminoglycoside antibiotics can be achieved by three different mechanisms: 

mutation of the rRNA target, reduced permeability for the antibiotic, or enzymatic 

modification of the antibiotic which blocks the interaction of the antibiotic with its target, the 

bacterial ribosomal aminoacyl-tRNA site [2]. The last mentioned mechanism is considered to 

constitute the most prevalent source of clinically relevant resistance because these enzymes 

provide a high-level resistance to the drugs that they actively modify and because the genes 

encoding the enzymes are generally found on transposons and plasmids, such as the 

transposon Tn5 and the R plasmid.  

 

Three families of enzymes are responsible for the aminoglycoside resistance: the ATP-

dependent O-phosphotransferase (APH), ATP-dependent O-adenyltransferase (ANT) and the 

acetyl CoA-dependent N-acetyltransferase (AAC), and they are named after the reaction that 

they catalyse and the position on the amioglycoside at which they act [3]. They comprise over 

50 different enzymes and over 20 different APH are known [4] [2]. The APH enzymes share 

extensive amino acid sequences (20%-40% identity) and they are therefore thought to have 

comparable three-dimensional structure [5]. The APH family includes the kanamycin-3´-O-

phosphotransferase type IIa (APH(3´)IIa, kanamycin kinase), which catalyses an ATP-

dependent phosphorylation, where the ?-phosphate of ATP is transferred to the 3´-hydroxyl 

group in kanamycin [3]. Earlier studies have shown that the structure of APH(3´)-IIIa reveal 

similarity to protein kinases and provides an unforeseen relationship between antibiotic 

resistance and signal transduction in eukaryotes [5]. 

 
The kanamycin kinase originate from the Klebsiella pneumoniae transposon Tn5 (Figure 3) 

and is build up of 264 amino acids and is a 29 kDa monomeric single-chain protein [3]. The 

Tn5 contains 2 insertion sequences IS50L and IS50R at the left and right hand ends. The 
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insertion sequences are nearly identical, but the IS50L contains a nonsense mutation, marked 

with a blue cross in Figure 3. Between the insertion sequences occur the genes kan, str and 

bleo, which confer resistance to kanamycin, streptomycin and bleomycin [1].  

 

Figure 3. The 5.7 kilobase pairs transposon Tn5. Genes encoding e.g. kanamycin resistance are marked kan. The 
illustration was adapted from [1]. 
 

The kanamycin kinase molecule is folded into two structural domains. The N-terminal domain 

(residues 10-96) consists of a short a-helix (a1) followed by three antiparallel ß-strands (ß1-

ß3). The N-terminal comprising a further a-strand (a2) and it is followed by two further ß-

strands (ß4 and ß5). The N-terminal domain is linked to the C-terminal domain by a short 

linker peptide (residues 94-101). The initial part of the C-terminal domain contains a short 

loop and a long a-helix (a3) (residues 101-132). They are followed by two a-helices (a4 and 

a5). These helices together with the short loop form a part of a separate helical sub-domain 

(residues 133-182). The rest of the C-terminal domain (residues 183-250) comprises a four-

stranded ß-finger (ß6-ß9), which lies across the top of helix a3 and sticks out between the a3 

and the interdomain linker. The ß-finger is followed by a second long a-helix  (a6), which lies 

antiparallel to a3, and a short a-helix (a7). The sub-domain is completed by a final C-terminal 

a-helix (a8) (Figure 4) [2]. 

 

 

 Figure 4. Ribbon representation of kanamycin kinase 
representing (providing) the N-terminal domain (red), 
the central core of the N-terminal domain (green) and 
the helical sub-domain (blue). The kanamycin 
molecule lies in the active site of kanamycin kinase 
together with the Mg2+ (Black sphere) and the 
Na+(light grey sphere). The acetate ion is bound to the 
adenine-binding pocket and is shown as purple sticks. 
The illustration was reprinted from [2], with 
permission from Elsevier. 
 

kan      str      bleo

IS50L IS50R
kan      str      bleo

IS50L IS50R
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The active site of the kanamycin kinase molecule lies between the two domains and contains 

both the aminoglycoside binding site and the ATP binding site. Where the aminoglycoside 

and ATP binding sites meet, a long loop projects out into the active site, containing Asp190. 

Asp190 is conserved in all known aminoglycoside phosphotransferase sequences and is 

thought to be the catalytic base [5].  

 

The binding cleft of kanamycin kinase has a highly negatively charged, solvent-accessible 

surface and is lined with acidic residues, which reflects the conditions of the binding cleft. 

Kanamycin is bound to the cleft by a large number of hydrogen bounds that involve residues 

in the C-terminal domain. The interacting residues are Asp190, Arg211, Asp227 and Glu230 

from the central core, and residues Asp159 and Glu160 from the a4-a5 loop, and Glu262 and 

Glu264 at the C-terminus. The residues Arg226 and Asp261 link the central core of the C-

terminal domain with the helical sub-domain by establishing a salt bridge between each other. 

The salt bridge lies at the base of the binding cleft (Figure 5) [2].  

                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 5. To the left: Kanamycin bound to the active site of kanamycin kinase. The involved residues from the 
central core of the C-terminal domain are shown with yellow bonds, and involved residues from the helical sub-
domain are shown with cyan bonds. The illustration was reprinted from [2], with permission from Elsevier. To 
the right: Electrostatic surface of kanamycin kinase. Kanamycin is shown together with an ATP molecule in the 
binding cleft of kanamycin kinase. Positively charged parts of kanamycin kinase are blue coloured and 
negatively charged parts are coloured red. The illustration was reprinted from [2], with permission from Elsevier. 
 
 
  
1.2 Inhibitory peptides 

To prevent aminoglycoside resistance, development of new antibiotics that can resist the 
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modifying enzyme is needed. Another approach is to find inhibitors to the modifying 

enzymes. To achieve an effective protection against aminoglycoside resistance, broad-

spectrum inhibitors that are active against more than one class of modifying enzyme have to 

be found [6]. Because the aminoglycoside modifying enzymes contains active sites that are 

negatively charged, positively charged inhibitors are likely to bind. Given that peptides and 

proteins bind to the modifying enzymes, cationic peptide would be interesting as inhibitors 

because many of them also have antimicrobial activity themselves [7]. 

 

1.3 Indolicidin and Protegrin 

Earlier studies have shown that the peptide indolicidin and its analogues efficiently inhibit 

aminoglycoside phosphotransferases and aminoglycoside acetyltransferases and that the 

peptide protegrin is a very good inhibitor to aminoglycoside phosphotransferases [6]. 

 

Indolicidin is a cationic peptide consisting of 13 amino acids, ILPWKWPWWPWRR, and is 

unusually rich in tryptophan and proline [8]. It is a linear antimicrobial peptide purified from 

the cytoplasmic granules of bovine neutrophils [9]. The molecular weight is 1907.3 Da and 

indolicidin has a theoretical pI of 12.0, calculated with ProtParam tool [10]. This peptide has a 

broad-spectrum of antimicrobial activity against e.g. Gram-positive and Gram-negative 

bacteria [8]. 

 

Protegrin is a cationic peptide and contains 18 amino acids, RGGRLCYCRRRFCVCVGR 

[11]. It contains a ß-sheet structure, which is stabilised by two intramolecular disulfide bonds 

[12,13]. These two disulfide bonds connect the cysteine residues in position 6 and 15 as well 

as in position 8 and 13 [14].  The contained amphipathic ß-sheet structure seems to be of 

importance for its antimicrobial function [14]. Protegrin was first isolated from porcine 

leucocytes [11]. It has a molecular weight of 2106.6 Da and a theoretical pI of 10.66, 

calculated with ProtParam tool [10].  

 
1.4 Aim of the study 

The aim of this master thesis is to investigate the interactions of the enzyme kanamycin kinase 

with the peptides indolicidin respectively protegrin, and to determine their binding site by 

nuclear magnetic resonance and surface plasmon resonance. In this context the equilibrium 

affinity constant KD (M) of the respectively interactions is to be examined and the determined 

equilibrium affinity constant KD (M) investigated by the two techniques is to be compared. 

The interaction studies by surface plasmon resonance are performed for the first time at the 
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institute and therefore the experimental performance has to be investigated, as also the 

experimental methods in order to obtain reproducibility, reliable results and efficiency. 

 

1.5 Nuclear magnetic resonance (NMR) spectroscopy 

The main use of NMR spectroscopy involves the prediction of molecular structure of 

macromolecules in solution, such as conformations of biopolymers (proteins, RNA, DNA and 

polysaccharides), prediction of motifs in biopolymers, interaction partners to the studied 

molecule, rational drug design against medical relevant target molecules (mostly proteins), 

prediction of intermolecular interactions between e.g. enzyme-substrate/inhibitor/activator 

and also the prediction of molecular dynamic, which could lead to knowledge about the 

molecule folding and the function of the molecule. With the NMR techniques available today, 

e.g. proteins with a size of ca 30 kDa (correspond to approximately 250 amino acids) can be 

investigated but this requires an isotopic labelling of the NMR active nuclei. Overexpression 

of the compound of interest in isotopic enriched bacterial growth medium can entail sufficient 

amount of the NMR active nuclei. 

 

The NMR phenomenon arises from the nuclear spin (I). The mass number (number of protons 

plus neutrons) and the atomic number (number of protons) decide the value of the nuclear 

spin for a given nucleus. There are three possible spins:  

 

(i) Zero spin for both neutrons and protons, resulting in no NMR spectra (e.g., 12C, 
16O). 

(ii) Half-integral spin in which either the number of neutrons or the number of proton 

is odd (e.g., 1H, 15N). 

(iii) Integral spin in which both the number of neutrons and the number of protons is 

odd (e.g., 2H, 14N). 

 

The most frequently studied nuclei are those with a nuclear spin of (ii). When a nucleus is 

placed in a magnetic field it begins to rotate and generates a nuclear magnetic moment (µ). 

The nuclear magnetic moment is directly proportional to the spin and is given by  

 

hI?µ   =                                                                                                                      (Equation 1) 

 

, where ? is called the gyromagnetic ratio and is a constant for each particular nucleus.  
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In a magnetic field the magnetic moments can only be positioned in certain orientations 

depending on the nuclear spin. For a nucleus with spin I, only 2I + 1 orientations are possible, 

which is known as the Zeeman effect. The energy of the interaction is proportional to the 

nuclear magnetic moment and the applied field strength: 

 

0B-  IME h?=                                                                                                                                                         (Equation 2) 

 

B0 is the applied field strength and the MI is the magnetic quantum number and can only 

change by one unit (only single quantum transition are allowed); that is ∆MI = ±1, which 

gives the energy equation: 

 

0B  h?=E                                                                                                                                                                      (Equation 3) 

 

To be able to detect a transition with this energy, radiation given by ∆E = h? must be applied. 

This information combined with the last equation gives the fundamental resonance condition 

for all NMR experiments: 

 

π
=⇒=

2
?

??? 0B
    0B hh                                                                                            (Equation 4) 

 

At the magnetic fields commonly obtainable in the laboratory (1-21.14 tesla), the resonance 

frequencies ? of most nuclei are in the radio-frequency region (10-900 MHz). 

 

When nuclei with I ? 0 are placed in a magnetic field they adopt 2I + 1 spin orientations with 

respect to the z-axis of the field. Each orientation has a different energy. The magnetic 

moments of the nuclei remain at a certain angle with respect to B0 and precess like a top 

around the z-axis of B0 at a fixed frequency called the Lamor precession frequency. The 

Lamor precession frequency is given by 

 

0B  ?? =                                                                                                                   (Equation 5) 

 



1. INTRODUCTION  Lisa Fransson 

 10

 

Figure 6: Precession of a collection I = 
2
1  nuclei around an external magnetic field B0. The vector sum of the 

individual nuclear magnetic moments is represented of the net nuclear magnetization M. (a) Before RF 
irradiation precess the nuclei in both a and ß spin states with their Lamor frequency randomly orientated around 
the z-axis. (b) The orientation of the rotating magnetic component of the RF field B1. (c) During irradiation by 
B1, the individual magnetic moments focus and form a precessing bundle. The illustration was published with 
the permission of Matthias Stoldt, Institut für Physikalische Biologie, Abteilung NMR-Spektroskopie  
Biologischer Makromoleküle, Heinrich-Heine-Universität Düsseldorf, Germany.  
 

 

In absence of a magnetic field the nuclear spin for a dipolar nucleus (I = (ii)) can have two 

directions, both having the same energy. But in a magnetic field the directions are different, 

due to the Zeeman effect. MI = ½ becomes the lower energy state (called a state) and MI = -½ 

becomes the higher energy state (called the ß state). If the magnetic field strength increases 

the energy separation between the two states also increases. Because ∆I = ±1, there are two 

allowed transitions: 1) a -> ß  (absorption of energy) and 2) ß ->a (induced emission). If the 

population of the states were equal, there would have been no net transfer of energy from the 

applied radiation to the sample, because the probabilities of absorption and induced emissions 

are equal for NMR spectroscopy. But, since the samples are in thermal equilibrium the 

populations of the two states are ruled by the Boltzman distribution and Na > Nß, which 

causes an occurrence of net absorption, which gives a NMR signal. 

 

Because the amplitude of the signal is roughly proportional to the field strength B0
3/2, a strong 

magnetic field is wanted. At nonthermal equilibrium and radiofrequency level, the excess 

population of spins in the a-state is only approximately 1x10-5. This small excess population 

in the a-state is the basic reason for the low sensibility of NMR spectroscopy compared with 

infrared and electronic absorption spectroscopy. But because the coefficient of absorption is 

constant for any nucleus, the NMR signal is directly proportional to the number of nuclei 

producing it. 
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NMR spectroscopy is a very informative technique since the applied field B0 and the local 

magnetic field are not identical to each other for all nuclei in the sample. A small local 

magnetic field that opposes the external field is generated by the flow of electrons around a 

magnetic field. The surrounding electron density decides the level of shielding from B0, and 

nuclei in different environments absorb energy at slightly different resonance frequencies. 

This effect is called chemical shift and the differences are expressed in fractional units d 

(parts per million, ppm) relative to a standard compound. The most chemical shifts of protons 

in protein molecules are between -2 and 11 ppm. A –CH3 proton exhibits a d of typically 0.8 

ppm and for an aromatic proton, the typical d has a value of seven ppm (Figure 7).  

 
methyl

H  H  Hβ γ δ

amides

aromatic

Hα

ppm-012345678910  
Figure 7. One-dimensional proton NMR spectrum showing the usual range of chemical shifts of particular 
protons in a protein. The GlcT-RBD spectrum was published with the permission of Matthias Stoldt, Institut für 
Physikalische Biologie, Abteilung NMR-Spektroskopie Biologischer Makromoleküle, Heinrich-Heine-
Universität, Düsseldorf, Germany. 
 

 

Advantages of NMR spectroscopy:  

 

• Studies are made in liquids and crystals of the compound of interest are not needed. 

• In vitro and in vivo enzyme kinetic can be investigated. 

• Studies of molecular dynamics are possible. 

• Solid state NMR. 

• The compound of interest can be solved in a solution with nearly physiological 

conditions. 
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1.5.1 (1H-15N)- Heteronuclear single quantum coherence (HSQC) spectrum 

The assignment of the sequence specific resonances can be performed by the two-dimensional 
1H-15N-HSQC experiment. The 1H-15N-HSQC experiment correlates the 1HN and 15N 

resonances and every amide group from the polypeptide chain gives a signal in the spectrum. 

The side chain of the amides can also be visible, depending on pH and solvent exposure. By 

recording a 1H-15N-HSQC spectrum before and after each titration step of an inhibitory 

peptide to a sample of kanamycin kinase, the change of chemical shift for each amino acid 

residue can be determined. The equilibrium affinity constant KD of the interaction can be 

estimated by plotting the chemical shift changes versus the titrated peptide concentration. 

 

1.6 Surface plasmon resonance 

 
1.6.1 Principal of surface plasmon resonance 

Surface plasmon resonance (SPR) is an optical phenomenon, which measures the alteration of 

the refractive index close to the surface of a sensor chip. SPR detects biomolecular interaction 

in real-time and the technique requires no labelling of the interacting components [15].  

 

The easiest way to describe surface plasmon resonance is if one imagines the phenomenon of 

total internal reflection, which occurs at an interface between non-absorbing media. If a light 

beam, which propagates in a medium of higher refractive index, meets an interface at a 

medium of lower refractive index above a critical angle, the light will be totally reflected and 

propagates back into the medium of higher refractive index (Figure 8).  

 

                        

 
Figure 8. The total internal reflection for a non-absorbing media. Light propagating in a medium with higher 
refractive index, n1, meets a medium with lower refractive index, n2. ? is the angle of incidence. The illustration 
was published with the permission of Biacore, ©Biacore. 
 

Even if the total reflected beam does not lose any net energy across the total internal 

reflection interface, an electrical field intensity is going to leak from the light beam into the 

medium of lower refractive index. This electrical field intensity is called an evanescent field 
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wave and it may transfer the matching photon energy to the medium of lower refractive index 

if the medium has a non-zero absorption coefficient. In Biacore systems, which use sensor 

chips that have surfaces coated with gold film, monochromatic light is focused in a wedge-

formed beam on the total internal reflection interface and the angle of the minimum 

reflectance intensity is determined. The surface coating and the injected sample solution 

compose the medium of lower refractive index. An increasing sample concentration in the 

surface coating of the sensor chip, in other words occurrence of biomolecular interactions at 

the sensor surface, causes an increase in refractive index. This increase in refractive index 

alters the angle of incidence required to create the SPR phenomenon (the SPR angle). This 

SPR angle is monitored as a change in the detection position for the reflected intensity from I 

to II as can be seen in Figure 5. By monitoring the SPR angle as a function of the time, the 

kinetic events in the surface are displayed in a sensorgram, which shows the response signal 

expressed in resonance units, RU (Figure 9). 

 

Because the change of refractive index is the same for a given concentration independent of 

protein, one can say that the response signal is for most proteins proportional to the mass of 

material that has bound to the surface of the sensor chip. The maximum value of the response, 

Rmax, for a binding with the stoichiometry 1:1 can be calculated with Equation 6 [16]. 

 

ation 6)      (Equ                       (RU) ligand of leveltion Immobilisa 
ligand of Mass
analyte of Mass

maxR ×=

 

 

 
Figure 9. Principles of the SPR phenomenon. The illustration was published with the permission of Biacore, 
©Biacore. 
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1.6.2 Basic kinetics 

In BIACORE studies, one of the interactants, the ligand, is immobilised on the sensor chip 

surface and can interact with one or more molecules, the analyte or analytes, in solution that 

flows through the flow channel. The simplest situation is the formation of a 1:1 complex 

between ligand and analyte, and it can be described by: 

 

AL   L A ↔+                                                                                                             (Equation 7) 

 

 

, where A is the analyte, L the ligand and AL the formed complex. 

 

The concentration changes of analyte and ligand during the complex formation is given by: 

 

[ ] [ ] [ ]
dt
Ld

 -  
dt
Ad

 - 
dt
ALd

==                                                                                              (Equation 8) 

 

The association, ka (M-1s-1) and the dissociation, kd (s-1) rate constants can also describe the 

relations between the concentration changes of the analyte, ligand and formed complex. The 

concentration of free analyte, free ligand and ka determine the rate of complex formation. The 

concentration of formed complex and the kd value determine the rate of complex 

decomposition, given by Equation 9 [17]. 

 

[ ] [ ][ ] [ ]ALk - L Aak  
dt
ALd

d=                                                                                       (Equation 9) 

 

When equilibrium is reached, the concentration changes are zero, and the equilibrium affinity 

constant KD (M) can be defined as the ratio between the dissociation and association rate 

constants as described in Equation 10. 

 

[ ]
0 

dt
ALd

=  

[ ][ ] [ ]ALdk  L Aak =  
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[ ][ ]
[ ] DK  
AL

L A
  

ak
dk

==                                                                                                  (Equation 10) 

 

 

1.6.3 The sensor chip 

The sensor chip consists of a thin glass slide covered with a thin gold film. On the CM5 chip 

the gold film is coated with a carboxylmethylated dextran matrix (Figure 10). This dextran 

matrix provides a hydrophilic environment where one of the interaction partners, the ligand, 

can be attached covalently.  

 
Figure 10. The surface of the most widely used sensor chip, CM5. The illustration was published with the 
permission of Biacore, ©Biacore. 
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1.6.4 Ligand immobilisation 

Different kinds of immobilisations can be preformed depending on the ligand to be attached. 

To immobilise a nucleophilic ligand, amine coupling can be used as immobilisation 

technique. In this technique, a 1:1 mixture of N-ethyl-N´-(dimethylaminopropyl)-

carbodiimide (EDC) and N-hydroxysuccinimide (NHS) modifies the carboxymethyl groups 

on the surface matrix and N-hydroxysuccinimide esters are introduced into the matrix (Figure 

11). Amines and other nucleophilic groups on the ligand can then react spontaneously with 

the introduced esters and form covalent links. 

 
Figure 11. Immobilisation techniques. The illustration was published with the permission of Biacore, ©Biacore. 
 

1.6.5 Evaluation 

During the injection of the analyte the association to the ligand and dissociation from the 

ligand occurs continuously, but the association of the analyte dominates and gives rise to a net 

binding until steady state is reached. After injection stopped, buffer is injected and the analyte 

dissociates. The total course of the interaction events can be seen in Figure 12. The 

association rate depends on the kinetic constants for the interaction, the concentration of the 

injected analyte and the amount of immobilised ligand on the surface. The rate of 

dissociation, in the ideal case, is independent of the analyte concentration. Through fitting the 

data with interaction models, the kinetic model of the interaction can be revealed. The 

experiments may differ from this ideal situation and mass transport limitation, heterogeneous 

samples, multivalency and complex interaction mechanisms can influence the experimental 

conditions.  
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Figure 12. Sensorgram showing the different events during an interaction between compounds. The illustration 
was published with the permission of Biacore, ©Biacore. 
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2. MATERIALS AND METHODS 

 

2.1 Expression and purification of kanamycin kinase 

An overnight culture of Pseudomonas oleovorans containing the plasmid pBHR81 [18] in 50 

ml LB-medium and 50 µg/ml kanamycin was made and the day after, 1 ml of this overnight 

culture was given to 1 l LB-medium containing 1 µg/ml kanamycin. As the optical density at 

600 nm (OD600) reached a value of 1.5, 1 ml was taken aside. After centrifugation of the 1 ml 

culture the supernatant was removed and the pellet was resuspended in 140 µl 4x SDS 

running buffer and frozen by -20°C as a probe with all existing cells in the bacteria. The rest 

of the culture was shared in three parts and centrifuged for 15 minutes by 4 °C and 17700 g. 

The cell pellets were resuspended in 1x PBS buffer and transferred into a 50 ml tube with 

known weight. It followed a further centrifugation for 15 min by 4 °C and 17770 g. After the 

centrifugation the supernatant was taken away. 

 

To disrupt the microbial cell walls a French press (French Pressure Cell Press, Sim-Aminco 

Spectronic Instruments) was used. First the pellet was resuspended in 30 ml cell disruption 

buffer. The cell disruption buffer contained 20 mM Tris/HCl (pH 8.5), 50 mM KCl, 50 µM 

EDTA, 1mM phenylmethyl sulphonylfluoride (PMSF), 10 mM Dithiothreitol (DTT), and 6 

units/gram cells DNase I. After cell disruption, are proteins exposed to released proteolytic 

enzymes from, for example the lysosome. To prevent protein degradation different enzyme 

inhibitors can be included in the cell disruption buffer. EDTA is a metalloprotease inhibitor 

and removes divalent metal ions that can react with thiol groups. PMSF is a serine protease 

inhibitor and protects the proteins that are exposed to released proteolytic enzymes after the 

cell disruption. When proteins are in buffer solution and not within the cell, they are exposed 

to a more oxidising environment. To prevent oxidation of free sulphydryl groups (from the 

amino acid cysteine), which could lead to inter- and intramolecular bridges, DTT is added as 

an anti-oxidant. DNase I is a non-specific endonuclease that cleaves DNA. 

 

During the French press is the cell suspension forced by a piston-type pump through a small 

orifice under high pressure (1000 PSIG). As the cells are forced through the small orifice and 

finally leave the orifice, the compressed cells expand and burst. 

 

The cell disruption was followed by a centrifugation for 30 minutes by 10 °C and 7600 g. 

From the supernatant 50 µl was frozen at –20 °C as raw extract. 
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The kanamycin kinase was separated from the rest of the proteins in the supernatant by two 

purification steps performed at pH 8.5. The kanamycin kinase has a theoretical pI of 4.64, 

calculated with ProtParam tool [10], and is therefore negatively charged at this pH. The first 

purification step was performed on a ÄKTApurifier (Amersham Biosciences) by using anion 

exchange chromatography with a Q-Sepharose HP 16/10 column (Amersham). The anion 

exchanger has positively charged groups that will attract the negatively charged kanamycin 

kinase. The elution was performed selectively by using the ionic strength in an increasing 

gradient. The gradient started at 100 % buffer A and 0 % buffer B and at the end the 

concentration of buffer A was set to 0% and the concentration of buffer B to 100 % (Figure 

13). The buffer A contained 20 mM Tris/HCl (pH 8.5), 50 mM KCl and 5 mM DTT. The 

buffer B contained in addition to buffer A 500 mM NaCl. The flow rate was set to 1 ml/min 

and the fraction size to 5 ml. 

 

 

 

 

 

 

 

 

Figure 13. Chromatogram obtained from the anion exchange chromatography of kanamycin kinase. The arrow 
indicates the fractions used for further purification. 
 

The purity of the purified fractions 53-65 was investigated and judged with 15% sodium 

dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and compared with 

samples of total amount of cells, raw extract and the run through from the anionic exchange 

chromatography. A pre-stained standard (Fermentas, 10-180 kDa) was used as molecular 

weight standard. The gels were stained using commassie brilliant blue R250 and scanned with 

a BioRad ChemiDoc 2000 CCD system. Before further purification, the fractions 57-60 were 

concentrated by Centriprep-10 (Amicon Centriprep Centrifugal Concentrators) by 3000 g and 

10°C and with a MWCO of 10000 Da. It followed a further purification step on the 

ÄKTApurifier (Amersham Biosciences) by size exclusion chromatography (gel filtration) on 

a HiLoad Superdex-75 16/60 column (Amersham), pH 8.5. In size exclusion chromatography, 

small molecules can diffuse through the gel pores while the bigger molecules are restrained. 

The used elution buffer contained 20 mM Tris/HCl (pH 8,5), 50 mM KCl, 200 mM NaCl and 
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5 mM DTT. The flow rate was set to 0,75 ml/min and the fraction size was set to 2 ml (Figure 

14). 

 

 

 

 

 

 

 

 

Figure 14. Chromatogram obtained from the size exclusion chromatography of kanamycin kinase. The arrow 
indicates the fractions containing the purified kanamycin kinase. 
 
 
The purity of the fractions 37-46 was evaluated and judged by 15% SDS-PAGE. The 

concentration of fraction 40 was measured by UV-spectrophotometer (Lambda 25, UV/VIS 

Spectrometer, Perkin Elmer instruments) at 279 nm and with an extinction coefficient of 

33920, to have a concentration guideline for the fractions, which were to be used for the SPR 

interaction studies. 

 

2.2 Expression and purification of 15N labelled kanamycin kinase 

Kanamycin kinase containing the plasmid pBHR81 [18] was let to grow overnight in 50 ml 

LB medium containing 50 µg/µl kanamycin. 1 ml of the overnight culture was transferred in 

minimal medium by 30 °C and 200 rpm. [15N]- ammonium chloride was used as isotope 

source, and the composition of the minimal medium can be seen in Appendix 1. The cells 

were harvested as an OD600 of 1.2 was reached. After cell harvesting, the purification was 

performed in the same way as for not labelled kanamycin kinase as described in section 2.1. 

The chromatograms from the anionic exchange chromatography and size exclusion 

chromatography can be seen in Figure 15 and Figure 16. The purity of the fractions after the 

anionic chromatography and the size exclusion chromatography were examined by means of 

SDS-PAGE. A subsequent determination of the concentration of fraction D5 was performed 

by UV-spectrophotometer (Lambda 25, UV/VIS Spectrometer, Perkin Elmer instruments) at 

279 nm and with an extinction coefficient of 33920. The size exclusion chromatography 

buffer was changed to NMR buffer in fraction D5 and D6 by centrifugation for 20 minutes at 

15 °C and 4800 g in Amicon Centricon Centrifugal Filter Devices until the NMR buffer had a 

concentration of 98.5%. The NMR buffer composition can be seen in Appendix 2. After the 
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change of buffer, were the fraction D5 and D6 concentrated until sufficient concentrations for 

NMR measurements were reached, which corresponds a protein concentration of 0.5-1.0 mM. 

The concentration of D5 and D6 were performed with the same filter as for the buffer change. 

 
 
 
 
 
 
 
 
 
 
 
Figure 15. Chromatogram obtained from the anionic exchange chromatography with 15N labelled kanamycin 
kinase. The arrow indicates the fractions, which were to be further purified. 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 16. Chromatogram obtained from the size exclusion chromatography of 15N labelled kanamycin kinase. 
The arrow indicates the purified fractions containing 15N labelled kanamycin kinase. 
 

 

2.3 Binding studies by SPR 

 

2.3.1 Instrumentation and buffer 

The interactions between the peptides and kanamycin kinase were analysed by using a SPR 

based biosensor, Biacore X and the BIACORE X control software. The measurements were 

performed on a CM5 chip at 25 °C and by using a data collection of 2.5 Hz. When nothing 

else is mentioned the investigated peptides and protein were solved in HBS-EP buffer, 

containing 0.01 M HEPES pH 7.4, 0.15 M NaCl, 3 mM EDTA and 0.005% Surfactant P20 

(Polyoxyethylensorbitan) (Biacore AB), which also was used as running buffer. The 

Surfactant P20 shall reduce the loss of sample caused by the absorption of hydrophobic 

molecules to the flow system surface and prevent non-specific binding to the surface of the 
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sensor chip. It is a 10 % aqueous solution of non-ionic surfactant Polysorbate 20. In case of 

using other buffers than HBS-EP, these were made once and only used for one day. 

 

By injecting the samples the double bubble technique was used in which a given sample 

volume is followed by 5 µl of air and further 5 µl sample. This method shall prevent sample 

diffusion [19]. 

 

To obtain an equilibrated sensor chip every chip and buffer change was followed by an 

injection of running buffer for 3 minutes and with a flow rate of 5 µl/min or until a new 

baseline was established before the experiment was pursued. 

 

2.3.2 Immobilisation of kanamycin kinase 

To investigate kanamycin kinase binding capability to the sensor chip surface, 15 µl of a 29 

µM solution of kanamycin kinase was injected with a flow rate of 5 µl/min. After having seen 

that kanamycin kinase was capable of binding to the surface, kanamycin kinase was 

immobilised to the sensor chip surface in the flow cell 2 (Fc2) by amine coupling. To activate 

the sensor surface a solution of 0.05 M NHS/0.2 M EDC was injected for 7 minutes with a 

flow rate of 5 µl/min. Immediately after activation, 35 µl of a 53 µM solution of kanamycin 

kinase was injected for 7 minutes and with a flow rate of 5 µl/min. To deactivate the excess 

reactive groups on the surface 35 µl of 1 M ethanolamine hydrochloride pH 8.5 was injected 

for 7 minutes with a flow rate of 5 µl/min. Because of the high ionic strength of this solution, 

the non-covalently bound material will be removed from the surface. All above-mentioned 

injections were only injected to the Fc2. 

 

The flow cell 1 (Fc1) of the sensor chip was used as reference cell. To prevent analyte binding 

to Fc1, and so prevent a non-specific binding, Fc1 had to be blocked. Injection of a solution of 

0.05 M NHS/0.2 M EDC for 7 minutes with a flow rate of 5 µl/min was followed by a 

injection of 1 M ethanolamine hydrochloride pH 8.5 for 7 minutes and with a flow rate of 5 

µl/min provided a blocking of Fc1. 

 

A stock solution of indolicidin with a concentration of 280 µM was diluted to 10 µM and 1 

µM. A 10 µM solution of indolicidin was injected for 2 minutes with a flow rate of 30 µl/min 

to investigate if the peptide was able to bind to the Fc2. Regeneration buffer was injected four 

times to reached the baseline. The regeneration buffer contained HBS-EP buffer with ionic 
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strength. One further injection of an 1 µM solution of indolicidin for 2 minutes and with a 

flow rate of 30 µl/min was performed to examine if the baseline could be reached again. An 1 

µM solution of indolicidin was injected to the Fc1 for 1 minute and with a flow rate of 15 

µl/min to investigate if the peptide was able to bind unspecific to the Fc1. The peptide gave a 

response and the running buffer was changed. 

 

The new buffer contained 1 part buffer A and 2.3 parts buffer B, both buffers from the size 

exclusion chromatography, in addition to 0.005% (v/v) Surfactant P20 (Biacore AB). A new 

stock solution of indolicidin with a concentration of 280 µM was prepared by using the new 

running buffer. The stock solution was diluted to the concentrations 2, 3, 5,8, 10, 15, 20 and 

50 µM. 

 

To investigate if the baseline could be reached after injection with sample solved in the new 

buffer, an injection of 1 µM peptide for 2 minutes and with a flow rate of 30 µl/min followed. 

 

To examine if the mass transport may have an influence of the binding, a solution of 5 µM 

indolicidin was injected 1 minute with a flow rate of, 5, 15 and 70 µl/min. 

 

To perform the interaction studies solutions of 2, 3, 5 and 8 µM indolicidin were injected for 

4 minutes with a flow rate of 10 µl/min and solutions of 10, 15 and 20 µM indolicidin were 

injected for 2 minutes with a flow rate of 10 µl/min. The concentrations 10, 15 and 20 µM 

were diluted once again from the stock solution and new injected. 

 

2.3.4 Immobilisation of indolicidin 

The immobilisation of indolicidin was performed twice on two different sensor chip surfaces 

and with different stock solutions of indolicidin and kanamycin kinase. 

 

2.3.4.1 Immobilisation of indolicidin to the first sensor chip 

The immobilisation of indolicidin to the sensor surface of Fc2 and the blocking of the 

reference cell sensor surface (Fc1) followed as above described. 

 

A stock solution of 31 µM kanamycin kinase was diluted to a concentration of 10 µM. The 

influence of mass transport was investigated as above explained. After each injection a 

regeneration step was performed by injecting 10 mM glycine/HCl (pH 3.0) for 1 min with a 
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flow rate of 15 µl/min. After reaching the baseline, solutions of 10 and 31 µM kanamycin 

kinase were injected for 2 minutes with a flow rate of 5 µl/min to investigate the binding. 

 

Because of the abnormal shape of the binding curves new running buffers were tested. The 

first new running buffer was equal to the size exclusion chromatography buffer but contain in 

addition 0.005% (v/v) Surfactant. It followed an injection of a 11 µM solution of kanamycin 

kinase for 3 minutes and with flow rates of 5, 10 and 60 µl/min to investigate if mass 

transport limitation could influence the kanamycin kinase binding. The second new running 

buffer to be tested contained 50 mM Sodiumphosphate, 100 mM NaCl, 50 mM KCl, 10 mM 

DTT, 100 µM EDTA, 0.005% (v/v) surfactant and 0.02% (w/v) NaN3 and had pH 6.5. The 

mass transport was studied by injection of a 68 µM solution of kanamycin kinase for 3 

minutes with the flow rates 5 and 30 µl/min. 

 

A stock solution with a concentration of 442 µM kanamycin kinase solved in the second new 

running buffer was diluted to the concentrations 5, 10, 15, 20, 30, 45, 60, 100, 150 and 200 

µM. Each concentration was injected for 3 minutes with a flow rate of 10 µl/min. As a control 

was the running buffer injected under the same conditions as the kanamycin kinase samples. 

 

2.3.4.2 Immobilisation of indolicidin to the second sensor chip 

The immobilisation of indolicidin to the second sensor chip surface was performed as 

explained in section 2.3.2. During the blocking of Fc1, the injection of NHS/EDC was 

followed of an injection of running buffer for 7 minutes with a flow rate of 5 µl/min. This 

extra step should provide a Fc2 equal treated Fc1 surface. The subsequent deactivation was 

performed with ethanolamine as explained in section 2.3.2. 

 

A new stock solution with a concentration of 200 µM kanamycin kinase was prepared and 

diluted to concentrations of 100, 50, 25, 12.5 and 6.25 µM. Before injecting the kanamycin 

kinase samples, a cycle was performed, in which only running buffer was injected under the 

same conditions as for the conducting protein sample. The kanamycin kinase samples were 

each injected for 3 minutes and with a flow rate of 5 µl/min. 

 

2.3.5 Immobilisation of protegrin 

Protegrin contains cysteine residues, which can form disulfide bridges. In order to force 

formation of cysteine bridges, protegrin was oxidised under stirring in room temperature for 
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48 hours [14]. 

 

By the immobilisation, a stock solution of 1.0 mM protegrin was diluted to a concentration of 

250 µM. To examine if protegrin was able to bind to the sensor chip surface, a 250 µM 

solution of protegrin was injected to the Fc2 for 7 min and with a flow rate of 5 µl/min. 

Regeneration was needed to reach the baseline. The regeneration was performed twice by 

injecting 20 mM NaOH/ 0.005% surfactant for 1 min with a flow rate of 15 µl/min. 

 

The protegrin immobilisation, the Fc1 blocking and the investigation of the influence of mass 

transport were performed as explained in section 2.3.2. 

 

A stock solution with a concentration of 17.6 µM kanamycin kinase was diluted to the 

concentrations 50, 500 and 5000 nM. Each of these concentrations was each injected for 5 

minutes and with a flow rate of 10 µl/min. It followed a regeneration step after each injection 

by injecting Glycerine/HCl (pH 1.5) for 1 minute with a flow rate of 10 µl/min. The day after 

a 17.6 µM solution of kanamycin kinase, as the highest given concentration, was injected for 

2 minutes with a flow rate of 5 µl/min having the intention to reach steady state. Injection of a 

5000 nM solution was performed under the same conditions as the day before to obtain 

replicates. 

 

2.3.6 Evaluation of data from the SPR studies 

In order to decrease the bulk refractive index, the reference cell response was subtracted from 

the immobilised sensor surface response. This subtraction was performed automatically by the 

BIACORE X control software. To calculate the KD constants for the performed SPR binding 

studies, the program BIAevaluation 3.2 RC1 (Biacore AB) was used. After subtracting the 

reference cell response the different binding curves from one measurement were aligned in 

the same working sheet. X-and Y-transformation was performed to adjust the injection start to 

the same position and the baseline to zero for all curves. Not wanted data, such as 

regeneration steps and spikes etc, was deleted to prevent interference with the curves to be 

fitted. To fit the curves, data was selected by injection start and stop markers and for curves 

with no bulk index the Langmuir binding 1:1 model was applied (Appendix 3, Equation A.1). 

For curves with bulk index a new model was invented where an extra term, bulk refractive 

index, was added and the equation for binding was given by Equation A.2 (Appendix 3). 
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2.4 Binding studies by NMR spectroscopy 

The interaction between indolicidin respectively protegrin, and 15N labelled kanamycin kinase 

was also studied by using NMR spectroscopy. The studies were carried out on a Varian Unity 

INOVA spectrometer at 750 MHz proton frequency. The spectra were recorded at 25 °C. For 

the recorded one-dimensional proton spectra, was the spectral width set to 16000 Hz, which 

correlates to 21.33 ppm. 32 scans were performed and the time increment was 64 ms, which 

correlates to 1024 data points. The offset frequency was positioned at the H2O resonance (4.7 

ppm). For the two-dimensional 1H-15N-Transverse relaxation optimized spectroscopy 

(TROSY) [20] [21] -HSQC spectra, was the spectral width in the 1H-dimension set to 15000 

Hz (19.997 ppm) and in the 15N-dimension set to 2700 Hz (35.5 ppm). 4 scans were 

performed and the time increments were 60 ms (900 data points) in the 1H-dimension and 74 

ms (200 data points) in the 15N-dimension. The offset frequencies were positioned at the H2O 

frequency (4.7 ppm) in the 1H-dimension and at 118 ppm in the 15N-dimension. By the 

recording of the 1H-15N-TROSY-HSQC spectrum after the last titration step of protegrin were 

144 scans performed (over night). 

 

The protein sample used for indolicidin titration respectively protegrin titration, had a 

concentration of 0.69 mM and 0.81 mM, respectively. The composition of the buffer used for 

NMR studies involving indolicidin can be seen in Appendix 1 and for measurements 

involving protegrin, the NMR buffer contained the same as described in Appendix 1 apart 

from DTT. 

 

To be able to control if kanamycin kinase was correct folded and intact before the 

measurements started, a 1D proton reference spectrum from kanamycin kinase solved in 

NMR buffer was recorded. 

 

Before the titration of indolicidin was implemented, a 2D 1H-15N-TROSY- HSQC reference 

spectrum was recorded from a kanamycin kinase solution having a concentration of 0.69 mM. 

After recording the reference spectrum, the titration of indolicidin was performed according to 

titration scheme 1 (Appendix 2). After each titration step, the corresponding 1D proton 

spectrum was evaluated and a new 2D 1H-15N-TROSY-HSQC spectrum was followed up. The 

last spectrum was recorded overnight to obtain the highest signal-to-noise ratio as possible. 
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Before measurements could be done with protegrin, the peptide had to be oxidised. The 

oxidation was carried out by solving protegrin in the appropriate buffer and then placing the 

protegrin solution in a dry freezer until the liquid was sucked out and protegrin was dried. 

After oxidation, the measurements with protegrin were performed by the same procedure as 

for the titration of indolicidin described above. The titration of protegrin was accomplished 

according to titration scheme 2 (Appendix V). By this measurements was fourth and last 

spectrum recorded overnight to obtain the highest possible signal-to-noise ratio.  

 

2.4.1. Data evaluation 

The spectra were processed using Vnmr 6.1C (Varian, Inc.) and analysed using XEASY 1.3.9 

(Bartels et al., 1995). 

 

By using XEASY, the nuclear resonances in my spectra could be assigned by comparing to a 

known 2D-1H-15N-TROSY-HSQC spectrum with already assigned resonances [3]. After 

resonance peak assignment the differences in chemical shifts were investigated. In order to 

put equal weight to both shifts, and not to overemphasize one of the differences, the 

difference in chemical shift was calculated as the length of the vector, ∆ω (in Hz) connecting 

two resonance peaks in the 2D spectrum according to Equation 10. 
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After calculations of the difference in chemical shift as ∆ω, an alignment of the differences in 

chemical shifts after each titration step was performed. 

 

Amino acid residues, which showed a greater ∆ω than 7 Hz, were marked in the 3D figure of 

kanamycin kinase by using the program MOLMOL [22]. The marked amino acid residues 

were compared with the amino acid residues responsible for the kanamycin binding in the 

kanamycin kinase molecule to see if there was a correlation. The threshold was set to 7 Hz 

because the differences in chemical shifts, calculated as ∆ω, where thought to be significant 

above this value. 
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3. RESULTS AND DISCUSSION 

 

3.1. Purification of kanamycin kinase 

After performance of the anionic exchange chromatography, the purity of the fractions 53-65 

and the samples containing the total amount of cells, raw extract and run through from the 

anionic exchange chromatography, was investigated on SDS-PAGE. The ninth and tenth lane, 

fraction 57 and 58, on the first gel (Figure 17) together with the third and fourth lane, fraction 

59 and 60, on the second gel (Figure 18) contained most kanamycin kinase and therefore were 

these fractions purified once more by size exclusion chromatography. 

 

 

 

 

 

 

 

 

 

Figure 17. SDS-PAGE performed after the anionic exchange chromatography. Pre-stained standard was run in 
the first lane. The second lane shows the total amount of proteins in the cells, the third lane shows the raw 
extract, the fourth lane the run through and lanes five to ten show the purified fraction 53-58 from the anionic 
exchange chromatography. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. SDS-PAGE performed after the anionic exchange chromatography. Pre-stained standard was run in 
the first lane. The second lane shows the run through and lane three to nine show the purified fractions 59-65 
from the anionic exchange chromatography. 
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After the second and last purification step by size exclusion chromatography the fractions 39-

44 showed sufficient pure bands slightly above the 25-kDa marker on the gel, which correlate 

close to the 29 kDa kanamycin kinase (Figure 19). The kanamycin kinase purity was 

estimated to over 95%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19. SDS-PAGE performed after the size exclusion chromatography. Pre-stained standard was run in the 
first lane and the purified fractions 38-46 from the size exclusion chromatography are shown in lanes 2-20. 
 
 
In connection to the last performed purification step, the concentration of fraction 40 was 

determined by UV-spectrophotometer at 279 nm and with an extinction coefficient of 33920 

as a guideline for the SPR measurements. The kanamycin kinase concentration was estimated 

to 61.9 µM and this represents a total amount of 2.75 mg of kanamycin kinase in fraction 40. 

That was considered to be a sufficient amount of kanamycin kinase with which further SPR 

binding studies could be performed. 

 
 
3.2. Purification of 15N labelled kanamycin kinase 

From 1 l minimal medium, 3 g pellet was extracted. The cell disruption and the anionic 

exchange chromatography where performed as explained in section 2.2 and the so far purified 

fractions F5-F12 were investigated by SDS-PAGE (Figure 20). 
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Figure 20. SDS-PAGE performed after the first purification step, anionic exchange chromatography, of 15N 
labelled kanamycin kinase. The first lane shows the pre-stained standard, the second lane shows the raw extract 
and lanes 3-10 show the so far purified fractions F5-F12. 
 

The fractions F7-F11 showed bands slightly above the 25-kDa marker on the gel, which 

correlates close to the 29 kDa 15N labelled kanamycin kinase. The fractions F7-F11 were 

further purified by using size exclusion chromatography. 

The purity of the fractions D1-D9 after performed size exclusion chromatography was 

investigated by SDS-PAGE. The fraction F8 from the anionic exchange chromatography was 

used as comparison (Figure 21). 
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Figure 21. SDS-PAGE performed after the last purification step, size exclusion chromatography. The first lane 
shows the comprising fraction F8 from the anionic exchange chromatography and the lanes 2-10 show the 
purified fractions D1-D9 from the size exclusion chromatography with 15N labelled kanamycin kinase. 
 

The fractions D2-D9 showed sufficient pure bands. The fractions D5 and D6 showed a 

sufficient amount of purified 15N labelled kanamycin kinase, and the concentration of D5 was 
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therefore investigated by using UV-spectrophotometer at 279 nm and with an extinction 

coefficient of 33920. The concentration was calculated to 235 µM. 

 

To reach a sufficient concentration of 15N labelled kanamycin kinase for the NMR 

measurements, the fractions D5 and D6 were concentrated according to section 3.2, until 

fraction D5 and D6 had a concentration of 0.87 mM and 0.69 mM, respectively, which were 

sufficient concentrations for further interaction studies examined by NMR spectroscopy. 

 

 
3.3. Interaction studies by SPR 

 
3.3.1 Immobilisation of kanamycin kinase 

The immobilisation of kanamycin kinase to the CM5 sensor chip by amine coupling was 

succeeded and kanamycin kinase was immobilised to the sensor chip surface of flow cell 2 

(Fc2) to a level of 906.3 RU (Figure 22). The blocking of Fc1 was executed sufficient as can 

be seen in Figure 23. 

 

 

Figure 22. Sensorgram from the immobilisation of 
kanamycin kinase to the sensor chip surface of Fc2. 
An immobilisation level of 906.3 RU was achieved. 
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Figure 23. Sensorgram from the blocking of the sensor 
chip surface of Fc1. 

 

The injection of a indolicidin solution with a concentration of 10 µM for 2 minutes and with a 

flow rate of 30 µl/min, followed by four regeneration steps and a further injection of 1 µM 

indolicidin for 2 minutes and with a flow rate of 30 µl/min, showed that the baseline could be 

reached after regenerated with running buffer with ionic strength (Figure 24). Even though the 

new baseline reached a lower level than before the injections and regeneration steps, this was 
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consider to not disturb the conditions of the sensor chip surface, as far as a stable baseline was 

achieved before further injections were performed. 
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Figure 24. Sensorgram from the injection a indolicidin solution with a concentration of 10 µM for 2 minutes and 
with a flow rate of 30 µl/min. Baseline could be reached after four steps of regeneration and it followed an 
injection of indolicidin with a concentration of 1 µM under the same conditions as by the injection of the 10 µM 
solution indolicidin. 
 

The investigation of unspecific binding to the Fc1 by injecting 1 µM solution of indolicidin 

for 1 minute with a flow rate of 15 µl/min to the reference cell showed that the peptide was 

able to bind to the Fc1, figure not shown. This unspecific binding led to usage of a new 

running buffer and so the buffer, in which the peptide was solved, also had to be changed. The 

new buffer, containing buffer A and B and Surfactant as described in 2.3.2, did not show an 

unspecific binding and so the mass transport limitation was investigated. This was performed 

by injecting a 5 µM solution of indolicidin for 1 minute with the flow rates 5, 15 and 65 

µl/min. The examined mass transport limitation did influence the binding of indolicidin to the 

sensor chip, see Figure 25, and this had to be taken into consideration when the binding 

curves were to be fitted. 

 

Figure 25. Investigation of mass transport limitation. 
A 5 µM solution of indolicidin was injected for 1 
minute and with the flow rates 5, 15 and 65 µl/min, 
and as could be seen was binding of indolicidin 
influenced of the mass transport. 
 

The interaction studies were performed by injecting indolicidin solutions of 2, 3, 5, 8 µM for 

4 minutes and with a flow rate of 10 µl/min and indolicidin solutions of 10, 15, 20 µM for 2 

minutes with a flow rate of 10 µl/min. The injections of 2,3 and 8 µM showed expected 

binding curves and steady state was reached for the injection of 8 µM, as can be seen in 

Figure 26. The next injections of 10, 15 and 20 µM did also show expected binding curves 

and steady state was reached. The injection of 20 µM indolicidin showed a response signal of 
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ca. 1200 RU (Figure 27). This is an immense response and it did not correspond to the 

expected response of ca. 590 RU (calculated by Equation 6). This expected value was 

calculated from the equation with 1:1 binding. The reason for the enormous response signal 

could be unspecific binding to the matrix of the sensor chip, because the matrix of the sensor 

chip is negatively charged and indolicidin is positively charged at the conditions under which 

the measurements are performed, and it might therefore be possible that indolicidin can bind 

to the sensor chip matrix without larger limitations. 
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Figure 26. Response signals from the injections of 
indolicidin with concentrations of 2, 3 and 8 µM for 4 
minutes and with a flow rate of 10 µl/min. 
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Figure 27. Response signal from the injection of a 20 
µM solution indolicidin for 2 minutes and with a flow 
rate of 10 µl/min. The response signal reached over 
1200 RU. 

 
Because of the unspecific binding and thereby the immense responses could the equilibrium 

affinity constant KD (M) of the interaction between kanamycin kinase and indolicidin not be 

calculated as planed. However, it could be established that indolicidin was able to bind to 

kanamycin kinase. 

 

3.3.2 Immobilisation of indolicidin 

The immobilisation of indolicidin to the sensor chip was performed to investigate if this 

approach could give a decreased unspecific binding of analyte (kanamycin kinase for these 

investigations) to the sensor chip surface. 

 

The immobilisation of indolicidin to Fc2 surface of the first and the second sensor chip was 

performed according to sections 2.3.4.1 and 2.3.4.2 and indolicidin was immobilised to a level 
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of 2197.9 RU and 1157.7 RU, respectively. The surface of Fc1 of the respectively sensor chip 

was blocked according to sections 2.3.4.1 and 2.3.4.2. However, there was a response signal 

even after blocking of the respectively Fc1, 126.7 RU and 227.3 RU, and the responses were 

subtracted from the response after the respectively immobilisation. The final immobilisation 

levels were obtained to 2071.2 RU and 930.4 RU. The figures of the immobilisation and 

blocking steps are not showed, but they correspond to the shown Figures 22 and 23 in section 

3.3.1. 

 

After investigation of the mass transport limitation by injecting a 10 µM solution of 

kanamycin kinase for 1 minute with flow rates of 5, 10 and 60 µl/min, it could be seen that 

the mass transport did not influence the binding of kanamycin kinase to none of the sensor 

chips. Each injection was followed of a regeneration step, where10 mM glycine/HCl (pH 3.0) 

was injected for 1 minute with a flow rate of 15 µl/min, which ensured that the baseline was 

reached. 

 

The injections of kanamycin kinase with the concentrations 10 and 31 µM for two minutes 

and with a flow rate of 5 µl/min to the first sensor chip did not show satisfying binding 

curves. Although the buffer was changed two times, the binding curves of the concentrations 

5, 10, 15, 20, 30, 45, 60, 100, 150 and 200 µM continued to show an unsatisfying shape, 

especially for the lower kanamycin kinase concentrations, as can be seen in Figure 28.  
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Figure 28: Sensorgrams from a kanamycin kinase concentration series, 5 µM (dark purple), 10 µM (light blue), 
15 µM (light grey), 20 µM (red), 30 µM (pink), 45 µM (), 60 µM (blue), 100 µM (green), 150 µM (brown), 200 
µM (dark grey). 
 

The injection of the kanamycin kinase concentration series was followed by an injection of 

merely running buffer under the same conditions as the injection of the kanamycin kinase 
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samples, to investigate if this changed the sensorgram and showed a binding. It came to a 

binding, and a binding curve was shown as can be seen in Figure 29. 
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Figure 29: Sensorgram from injecting running buffer for 3 min, with a flow rate of 10 µl/min. 
 

The response signal from the running buffer showed approximately 30 RU. In order to 

prevent this error to influence the response signal from the injected sample of interest, a so-

called double referencing procedure can be performed. In the double referencing procedure is 

the running buffer injected and the response signal from the running buffer is then subtracted 

from the response signal of the subsequent injected sample. To investigate if the usage of the 

double referencing procedure would give more satisfying binding curve, a new chip was used, 

and the sensor chip preparations were performed as above described. 

 

By the investigations performed on the second sensor chip, the double referencing procedure 

was applied, and before injecting each sample an injection of running buffer was executed 

under the same conditions as for the sample injection. An example of a sensorgram from an 

injection of running buffer (before the injection of the 200 µM concentration sample of 

kanamycin kinase) and from the conducting sample injection (injection of a 200 µM 

concentration sample of kanamycin kinase) can be seen in Figure 30 and 31. 
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Figure 30. Sensorgram from injection of running buffer before injection of kanamycin kinase with a 
concentration of 200 µM. 
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Figure 31. Sensorgram from the injection of the 200 µM concentration sample of kanamycin kinase for 3 
minutes and with a flow rate of 5 µl/min, double referencing procedure not yet applied. 
 

The double referencing procedure was performed and the resulting sensorgram can be seen in 

Figure 32. 
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Figure 32. Resulting sensorgram after double referencing procedure was applied on the sensorgram from the 
injection of kanamycin kinase with a concentration of 200 µM (Figure24) and the sensorgram from the injection 
of running buffer (Figure 23). 
 

The sensorgram did not show a satisfying shape even after the double reference procedure and 

the sensorgrams for the remaining sample injections showed comparable sensorgram as 

Figure 32. Because of the unsatisfying shape of the sensorgrams could the equilibrium affinity 
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constant KD (M) of the interaction between indolicidin and kanamycin kinase not be 

estimated. However, it could be said that a lower immobilisation level is recommended for 

interaction studies between a ligand and analyte, where the ligand is of lower molecular 

weight, as in this performance. A Rmax of approximately 1000 RU is recommended [16] A 

lower immobilisation level will give a lower Rmax and so the response signal will be lower. 

 
3.3.3 Immobilisation of protegrin 

By the immobilisation of protegrin to the sensor chip surface of Fc2, a response level of 

2391.3 RU was reached. The blocking of Fc1 was performed according to 2.3.5 and showed a 

response signal of 128.5 RU after the deactivation step, which was subtracted from the 

immobilisation level of Fc2. The resulting immobilisation level reached 2262.8 RU. The 

sensorgrams were similar to the ones from immobilisation of kanamycin kinase and Fc1 

blocking shown in section 3.3.1. 

 

The injections of kanamycin kinase with the concentrations 50, 500 and 5000 nM for 5 

minutes and with a flow rate of 10 µl/min, showed unsaturated binding curves and reached 

response signal levels of 15.8, 76.3 and 388.6 RU, respectively (Figure 33). 
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Figure 33: Sensorgram from injections kanamycin kinase with the concentrations of 50, 500 and 5000 nM. 
Unsaturated bindings are shown, where response signal levels of 15.8, 76.3 and 388.6 RU were reached.  
 

An injection of kanamycin kinase with at the time highest available concentration, 17.6 µM, 

with the intension to reach steady state, did however not show saturation and a response 

signal of only 88.5 RU was reached (Figure 34). 
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Figure 34: Unsaturated sensorgram from injection of a 17.6 µM solution of kanamycin kinase for 2 minutes and 
with a flow rate of 10 µl/min.  
 

Further injection of a 5 µM solution kanamycin kinase under the same condition as above 

mentioned, did not show the same sensorgram from 5 µM solution as in Figure 34 (Figure 

35). The response signal was much lower and it reached only 11% of the original one seen in 

Figure 34. 
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Figure 35: Sensorgram from injection of a 5 µM solution of kanamycin kinase for 5 minutes and with a flow 
rate of 10 µl/min. The response signal reached only 42.3 RU. 
 

This may be due to that the conditions on the sensor chip surface had changed over the night, 

and that intramolecular disulfide bridges were formed between the cysteine residues in the 

protegrin molecules. To try to prevent that the condition changes of the sensor chip surface 

influence the binding of kanamycin kinase, one could perform the binding studies over one 

day, since the sensorgram in Figure 33, recorded the first day, shows high analyte sensibility 

and promising shape. 

Because of time limitation, could this experiment not be repeated, which might had leaded to 

a determination of the KD constant of this interaction. However, it could be established that 

protegrin was able to bind to kanamycin kinase. 
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3.4. Interaction studies by NMR-spectroscopy 

 

3.4.1 Titration of indolicidin 

The 1D proton reference spectrum of kanamycin kinase for the indolicidin titration showed 

distinct separated peaks, which indicates that the enzyme was intact before the titration started 

(Figure 36). Even though a precipitation occurred after each titration step, the recorded 1D 

proton spectra showed sufficient separated peaks, which indicated that the enzyme was intact 

enough for interaction studies even after each titration step. The increasing amount of 

indolicidin in the sample is responsible for the increasing peaks that could be seen in the 

middle of the 1D proton spectrum from the shown last titration step of indolicidin (Figure 36). 

 

 
Figure 36: 1D proton spectra from titration of indolicidin. The top spectrum is the recorded reference spectrum 
before titration of indolicidin. The bottom spectrum is the recorded 1D spectrum after the last performed titration 
of indolicidin. 
 

The recorded 2D 1H-15N-TROSY-HSQC reference spectrum showed also a satisfying 

resolution and the mostly resonances could be assigned (Figure 37). For those amino acid 
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residues, which resonances could not be assigned in the reference spectrum, there was no 

ability to assign the resonances in the spectra recorded after each titration step and therefore 

failed the determination of the difference in chemical shift for these amino acid residues. 

 

 
Figure 37: 2D 1H-15N-TROSY-HSQC reference spectrum from 15N labelled kanamycin kinase. 
 
 
In the recorded 2D 1H-15N-TROSY-HSQC spectra after each titration step of indolicidin 

sufficient separated resonance peaks were shown, but for some amino acid residues there was 

an insufficient resolution and the chemical shift to the belonging resonance could not be 

determined, marked with 0 as can be seen in the Tables A1 and A2 (Appendix IV). Because 

of the occurrence of precipitation after each titration step the final concentration of indolicidin 

and kanamycin kinase could not be calculated. Due to the lack of concentration determination, 

the equilibrium affinity constant KD of the interaction between indolicidin and kanamycin 

kinase could not be calculated. But the chemical shifts after each titration step could however 



3. RESULTS AND DISCUSSION  Lisa Fransson 

 41

be determined. The difference in chemical shifts after the last titration step and the reference 

step was calculated with Equation 10 and shown in Figure 38. 
 

Chemical shift difference, D?, versus Residue number
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Figure 38: ∆? versus residue number, calculated from chemical shifts of the last titration step and the reference. 
 
For those amino acid residues that showed a higher difference chemical shift than 7 Hz, the 

change in chemical shift after each titration step was investigated. An increasing change of 

chemical shift could in general be seen, which indicates that the concentration of indolicidin 

in the sample is increasing after each titration step despite the occurrence of precipitation after 

each titration step. The complete list of changes in chemical shift, ∆?, can be seen in 

Appendix IV, and the changes in chemical shift for Ala78 and Glu161 are listed in the Table 

1. 

 

Table 1: Chemical shift (Hz) after each indolicidin titration step for the amino acid residues Ala78 and Glu161. 

 
Amino 
acid 
residue 

Chemical 
shift after 
the 
reference 
step (Hz) 

Chemical 
shift after 
the 1st 
titration 
step (Hz) 

Chemical 
shift after 
the 2nd 
titration 
step (Hz) 

Chemical 
shift after 
the 3rd 
titration 
step (Hz) 

Chemical 
shift after 
the 4th 
titration 
step (Hz) 

Chemical 
shift after 
the 5th 
titration 
step (Hz) 

Ala78 2773.263 
 

2774.555 
 

2773.871 
 

2777.14 
 

2778.509 
 

2779.801 
 

Glu161 2157.531 
 

2158.824 
 

2159.508 
 

2160.192 
 

2160.192 
 

2160.192 
 

 

A HSQC shift mapping was performed to study how the chemical shifts changed. Ala78 and 

Glu161 were used as good example for how the shift could be, where Ala78 changed in both 
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the 15N- and 1H dimension (Figure 39) and Glu161 showed a distinct change in the 1H 

dimension (Figure 40). 

 

 
 
Figure 39:  HSQC shift mapping of amino acid 
residue Ala78. 

Figure 40:  HSQC shift mapping of amino acid 
residue Glu161. 

 

The differences in chemical shifts, calculated according to Equation 10, were illustrated by 

using the MOLMOL program. The amino acids residues that showed a greater difference in 

chemical shift than 10 Hz were marked red in the 3D structure and the amino acid residues 

that showed a difference in chemical shift of 7-10 Hz were marked green in the 3D structure 

(Figure 41). As can be seen in Figure 42 are the changed amino acid residues centred to the 

active cleft of the kanamycin kinase, where the cleft is marked with a black throughout line. 

Kanamycin is bound to the active cleft by hydrogen bonds that involve the amino acid 

residues Asp190, Arg211, Asp227, Glu230 (central core), Asp159, Glu160 (a4- a5 loop), 

Glu262 and Phe264 (C terminus). The amino acid residues, which showed a change in 

chemical shift above the set threshold, calculated according to Equation 10, correspond to the 

most part of the amino acid residues involved by the binding of kanamycin. The amino acid 

residues, which are part of the binding of kanamycin and changed after titration of indolicidin 

are Asp190, Arg211, Asp227, Glu230 and Glu160, where Asp190 is thought to constitute the 

catalytic core. The residues Ala159 and Glu262 did not show a change in chemical shift and 

the residue Phe264 could not be assigned. Except for the residues involved by the binding of 

kanamycin, were additional residues changed. These amino acid residues, 5, 9, 28, 38, 48, 53, 

78, 91, 141, 143, 161, 171, 173, 191, 192, 193, 195, 207, 212, 218, 224, 235 and 259, line 

along both sides of the active cleft of kanamycin kinase (Figure 42). The changes in chemical 
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shift indicate that the chemical environment around each of the above mentioned amino acid 

residues had changed. This change of chemical environment is due to conformation changes 

of the kanamycin kinase, may be according to a binding of indolicidin to the active cleft of 

kanamycin kinase. This eventually binding of indolicidin could inhibit the modifying action 

of kanamycin kinase by preventing the binding of kanamycin, and so unable the occurrence of 

antibiotic resistance. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 41: The 3D structure of kanamycin 
kinase. Amino acid residues, which show a ∆?  
higher then 10 Hz, are marked red. Amino acid 
residues, which show a ∆? higher then 7 Hz and 
lower then 10 Hz, are marked green. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 42: The 3D structure of kanamycin 
kinase. Amino acid residues, which show a ∆?  
higher then 10 Hz, are marked red. Amino acid 
residues, which show a ∆? higher then 7 Hz and 
lower then 10 Hz, are marked green. The active 
cleft of kanamycin kinase is marked with a 
throughout line. 

 
3.4.2 Titration of protegrin 

It occurred a precipitation after each titration of protegrin, but the recorded 1D proton 

spectrum after the first titration of protegrin showed peaks, which indicated that kanamycin 

kinase was intact after the first titration of protegrin (Figure 43). The 1D proton spectra 

recorded after the remaining titration steps did however show wide and small peaks, which 

indicated that kanamycin kinase was no longer intact, which can be seen in the 1D proton 

spectrum recorded after the last titration step (Figure 43). The reason for these kinds of peaks 
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could be nonoxidased SH-groups in the protegrin, which might be able to react and form 

disulfide bridges and aggregations. 

 

 
Figure 43: 1D proton spectra from titration of protegrin. The top spectrum is the recorded reference spectrum 
before titration of protegrin. The bottom spectrum is the recorded 1D spectrum after the last performed titration 
of protegrin. 
 

After the first titration of protegrin, showed the recorded 2D 1H-15N-TROSY-HSQC spectrum 

intact resonance peaks with a resolution which was not good enough for resonance 

assignment. The remaining titration steps were performed, but the resolution did not get any 

better. The last titration step, which was recorded over night to obtain a higher signal-to-noise 

ratio, did not show a spectrum, in which the resonance peaks could be assigned (Figure 44). 

Due to the lack of resonance assignment and of protegrin concentration determination could 

the equilibrium affinity constant KD for the interaction between kanamycin kinase and 

protegrin not be calculated. One approach to may be able to prevent the precipitation 

occurring after each titration step, could be to decrease the protegrin concentration, but 

because of lack of time, this approach was not tried out. Another approach could be to record 
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the spectrum at a higher frequency, 900 MHz, to obtain a higher resolution. But, because of 

lack of availability of such a spectrometer, this approach could not be tested out. 

 

 
Figure 44: 2D 1H-15N-TROSY-HSQC spectrum from titration of protegrin. 
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4. CONCLUSION 

 
In this study the interactions between kanamycin kinase and indolicidin respectively protegrin 

were investigated by NMR spectroscopy and SPR. The SPR measurements were pilot studies 

because the Biacore X was new in the laboratory. 

 

The interaction studies between kanamycin kinase and indolicidin, performed by NMR 

spectroscopy, showed chemical shift changes not only for the amino acid residues that 

constitute the active cleft of kanamycin kinase but also for many of the amino acid residues 

that surround the active cleft. The changes in chemical shift occur due to a conformation 

change of kanamycin kinase and/or a change of the chemical environment of the concerned 

amino acid residues after titration of indolicidin. The change of the amide chemical shifts of 

kanamycin kinase are caused by binding of indolicidin to its active site. A binding of 

indolicidin to the active site of kanamycin kinase could lead to inhibition of the binding of 

kanamycin to kanamycin kinase and so could the modifying effect of kanamycin kinase on 

the kanamycin be prevented and the antibiotic resistance to kanamycin could not occur. 

However, the equilibrium affinity constant KD could not be settled for the interaction because 

of lack of concentration determination of indolicidin and kanamycin kinase in the solution, 

due to the occurred precipitation after titration of indolicidin.  

 

The interaction studies between kanamycin kinase and protegrin, performed by NMR 

spectroscopy could not be evaluated due to the poor resolution of the resonance peaks of the 

2D-1H-15N-TROSY-HSQC, which caused that the binding site of protegrin and the 

equilibrium affinity constant KD of the interaction between kanamycin kinase and protegrin 

could not be determine. 

 

The pilot studies performed by SPR showed that both indolicidin and protegrin were able to 

bind to kanamycin kinase, but the studies could not lead to a determination of the respectively 

equilibrium affinity constant KD of the interactions. However, useful information of the 

performance of the SPR studies was collected and implementation strategies could be 

established. It is recommended to perform reproducible injections of running buffer under the 

same conditions as the subsequent injection of sample, to investigate if the running buffer 

could have an influence of the binding curve from the injection of sample. If necessary, a 

double referencing procedure should be performed. It is also recommended not to immobilise 

a too high level of the ligand if the analyte is of higher molecular weight than the ligand. An 
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immobilisation level of approximately 1000 RU is enough for an interaction, where the 

analyte is ten-times the ligand. This can prevent over-usage of ligand, as the Rmax is hold 

fairly low. Before the real interaction study is performed, the interaction can be simulated by 

the BIAsimulation software to have an idea of the Rmax and the expected response signal of 

the interaction. In the program, different equilibrium affinity constant KD can be simulated 

and so lead to an optimized performance of the interaction study. It is also recommended to 

include a positive control in the interaction studies to be able to control that a binding is 

possible and correct interpreted by the Biacore X software. These implementation strategies 

are of interest for further interaction studies performed by SPR and are useful for the further 

SPR studies at the institute.  
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6. ABBREVIATIONS 

 
I, II   Intensity 

a   Lower energy state 

A   Analyte 

AAC   Acetyl CoA-dependent N-acetyltransferase 

AL   Formed complex  

ANT   ATP-dependent O-adenyltransferase 

APH   ATP-dependent O-phosphotransferase 

APH(3´)IIa  kanamycin-3´-O-phosphotransferase type IIa, kanamycin kinase 

APH(3´)IIIa  kanamycin-3´-O-phosphotransferase type IIIa, kanamycin kinase 

ATP   Adenosine 5´-triphosphate 

ß   Higher energy state 

B0   Static magnetic field (flux density) 

°C   Degree Celsius 

d   Chemical shift 

2D   Two-dimensional 

3D   Three-dimensional 

Da   Dalton 

∆E   Energy difference between two states 

DNA   Deoxyribonucleic acid 

DTT   Dithiothreitol 

∆d   Chemical shift change 

∆?    Changes in chemical shift as the vector between two resonance peaks 

E   Energy 

EDC   N-ethyl-N´-(dimethylaminopropyl)-carbodiimide 

EDTA   Ethylenediaminetetra-acetate 

Fc1   Flow cell 1 

Fc2   Flow cell 2 

g   Gravitation 

g   Gram 

?   Gyromagnetic ratio 

h   Planck´s constant 

h = h/2p  Reduced Planck´s constant 
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HSQC   Hetero single quantum coherence 

I   Nuclear spin 

ka   Association rate constant 

kd   Dissociation rate constant 

KD   Equilibrium affinity constant 

L   Ligand 

LB   Culture medium 

µ   Magnetic moment of nucleus 

µg   Microgram 

µl   Microlitre 

µl/min   Microlitre pro minute 

µM   Micromolar 

MHz   Megahertz 

M   Net nuclear magnetization 

M   Molar 

MI   Magnetic quantum number 

min   Minute 

ml   Millilitre 

mM   Millimolar 

ms   Millisecond 

MWCO  Molecular weight cut-off 

Na   Number of spins in the a state 

Nß   Number of spins in the ß state 

n1   Medium with higher refractive index 

n2   Medium with lower refractive index 

NHS   N-hydroxysuccinimide 

nm   Nanometre 

NMR   Nuclear magnetic resonance 

OD600   Optical density at 600 nm 

PBS   Bis buffered saline 

pI   Isoelectric point 

PMSF   Phenylmethylsulphonylfluoride 

ppm   Parts per million 

Rmax   Maximum value of the response 



6. ABBREVIATIONS  Lisa Fransson 

 51

RNA   Ribonucleic acid 

rpm   Rounds per minute 

RU   Response units 

SDS   Sodium dodecyl sulphate 

SDS-PAGE  Sodium dodecyl sulphate polyacrylamide gel electrophoresis 

SPR   Surface plasmon resonance 

?   Angle of incidence 

Tris   2-amino-2-hydroxymethylpropane-1,3-diol 

TROSY  Transverse relaxation-optimized spectroscopy 

UV   Ultra violet 

?   Frequency 

v/v   Volume per volume 

?    Lamor frequency 

w/v   Weight per volume 
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8. APPENDIX 

 

APPENDIX I 

 
Composition of the minimal medium used for preparation of 15N labelled kanamycin kinase: 

 

M9 medium: 

 

42 mM Na2HPO4 x 2H2O 

22 mM KH2PO4 

8.5 mM NaCl 

0.1 mM CaCl2 

2 mM Mg2SO4 

50 mM [15N]-NH4Cl 

 

Trace elements: 

 

1µM Cu2+ 

1µM Zn2+ 

1µM Mn2+ 

1µM Co2+ 

1µM Ni2+ 

1µM MoO4
2- 

30 µM Fe3+ 

 

Vitamins: 

 

1 mg/l d-biotin 

1 mg/l choline chloride 

1 mg/l folic cid 

1 mg/l nicotine amide 

1 mg/l Na-D-panthothenate 

1 mg/l pyridoxal hydrochloride 

0.1 mg/l Riboflavin 

5 mg/l thiamine hydrochloride 
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APPENDIX II 

 

Composition of the NMR buffer: 

 

20 mM BIS-TRIS (pH 6.5)  

20 mM NaCl  

60 mM KCl  

10 mM DTT  

100 µM EDTA  

0.02 % NaN3 
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APPENDIX III 

 
Equation A.1 

Langmuir binding 1:1 model: 

 

A = Conc 

B[0] = Rmax 

dB/dt = - (ka*A*B - kd*AB) 

 

AB[0] = 0 

dAB/dt = (ka*A*B - kd*AB) 

 

Total response: 

AB + RI 

 

Equation A.2 

Langmuir binding 1:1 model with bulk refractive index: 

 

A = Conc 

B[0] = Rmax 

dB/dt = - (ka*A*B - kd*AB) 

 

AB[0] = 0 

dAB/dt = (ka*A*B - kd*AB) 

 

Total response: 

AB + RI + R 



8. APPENDIX  Lisa Fransson 

 57

APPENDIX IV 

 
Table A1: Chemical shift differences, ∆?  (in Hz), in the N dimension after each titration step. 
 
Amino 
acid 
residue 
 
 

Chemical 
shift after 
the 
reference 
step (Hz) 

Chemical 
shift after 
the 1st 
titration 
step (Hz) 

Chemical 
shift after 
the 2nd 
titration 
step (Hz) 

Chemical 
shift after 
the 3rd 
titration 
step (Hz) 

Chemical 
shift after 
the 4th 
titration 
step (Hz) 

Chemical 
shift after 
the 5th 
titration 
step (Hz) 

5 2458.137 2458.137 2460.113 2459.429 2460.797 2460.797
9 2653.218 2653.294 2655.195 2655.879 2657.248 2658.54
28 1784.474 1781.813 0 0 1788.427 1791.088
38 1791.088 2608.439 0 2603.193 2604.486 2603.193
48 2157.531 2157.531 2156.847 2157.531 2158.824 2157.531
53 2593.918 2593.918 0 2593.918 2597.872 2595.211
78 2773.263 2774.555 2773.871 2777.14 2778.509 2779.801
91 2567.537 2568.83 2570.807 2568.83 2571.491 2568.83
141 2313.08 2313.156 2315.056 2314.448 2315.741 2317.033
143 2442.323 2653.294 0 2440.955 2441.031 2441.031
160 2431.756 2434.417 2433.808 2438.37 2443.616 2447.569
161 2157.531 2158.824 2159.508 2160.192 2160.192 2160.192
171 2125.905 2125.905 2125.296 2128.566 2129.858 2129.858
173 2313.156 2313.156 2312.471 2313.156 2313.156 2313.08
190 2889.278 2890.57 2889.886 2894.524 2898.477 2902.43
191 2836.516 2836.516 2834.463 2833.855 2832.563 2829.902
192 2009.89 2008.597 2006.62 2004.644 2001.983 1999.322
193 2528.004 2528.004 2526.027 2529.297 2530.665 2531.957
195 1750.186 1752.771 1753.455 1754.139 1756.8 1756.8
207 1801.579 1804.24 1803.556 1805.533 1806.825 1808.194
211 2108.799 2110.091 2109.407 2111.384 2112.752 2112.752
212 2786.415 2786.415 2784.439 2786.415 2787.708 2789.076
218 2489.763 2489.763 2489.155 2488.471 2489.763 2491.056
224 2615.053 2615.053 2613.001 2615.053 2616.346 2615.053
227 2347.443 2346.075 2346.683 2346.075 2347.443 2348.736
230 2065.312 2065.236 2064.552 2065.236 2065.312 2066.605
259 2563.584 2562.292 0 2560.923 2560.999 2560.923
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Table A2: Chemical shift differences, ∆?  (in Hz), in the H dimension after each titration step. 
 
Amino 
acid 
residue 
 
 

Chemical 
shift after 
the 
reference 
step (Hz) 

Chemical 
shift after 
the 1st 
titration 
step (Hz) 

Chemical 
shift after 
the 2nd 
titration 
step (Hz) 

Chemical 
shift after 
the 3rd 
titration 
step (Hz) 

Chemical 
shift after 
the 4th 
titration 
step (Hz) 

Chemical 
shift after 
the 5th 
titration 
step (Hz) 

5 6204.139 6204.139 6203.389 6205.64 6211.641 6209.391
9 5830.541 5828.29 5822.289 5825.289 5825.289 5819.288
28 5682.001 5680.501 0 0 5697.005 5697.005
38 6733.029 6731.529 0 6749.534 6749.534 6749.534
48 6711.273 6712.774 6708.273 6715.024 6718.775 6718.775
53 7017.354 7017.354 0 7013.603 7009.852 7011.353
78 6656.509 6658.009 6664.761 6673.013 6689.518 6700.02
91 7027.857 7030.108 7023.356 7030.108 7035.359 7033.859
141 6606.996 6606.996 6606.246 6612.247 6615.998 6614.498
143 5830.541 5828.29 0 5834.292 5838.043 5838.043
160 6444.203 6444.203 6437.451 6444.203 6447.204 6447.204
161 6262.655 6266.406 6246.901 6275.408 6284.411 6290.412
171 6412.695 6412.695 6408.193 6416.446 6420.197 6421.697
173 5858.298 5856.047 5851.546 5852.296 5850.796 5847.045
190 7511.735 7509.484 7506.484 7509.484 7509.484 7509.484
191 6306.917 6309.917 6305.416 6313.668 6315.919 6315.919
192 5474.947 5473.446 5470.446 5471.196 5469.695 5465.944
193 7143.388 7147.139 7147.889 7156.141 7163.643 7168.894
195 5363.167 5361.667 5360.917 5357.916 5356.415 5352.664
207 6092.36 6092.36 6093.11 6093.86 6097.611 6097.611
211 6656.509 6658.009 6657.259 6663.261 6665.511 6669.262
212 4934.804 4937.055 4936.304 4940.806 4946.057 4946.057
218 8183.162 8183.162 8180.912 8185.413 8190.664 8189.164
224 6315.919 6317.419 6312.918 6319.67 6323.421 6322.671
227 5979.08 5975.329 5968.577 5971.578 5969.327 5964.076
230 5772.025 5772.025 5770.525 5775.776 5779.527 5779.527
259 5638.49 5638.49 0 5641.491 5645.242 5647.492
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APPENDIX V 

 
Titration scheme 1. 
 
Step Indolicidin concentration (mM) Volume (µl) 

1 11 5.5 
2 8.7 7.1 
3 7.6 16 
4 6.9 25 
5 5.8 25 

 
 
Titration scheme 2. 
 
Step Protegrin concentration (mM) Volume (µl) 
1 15  4 
2 15 4 
3 2.5 10 
 
 
 
 
 
 
 
 


