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Introduction 

 

Human ileal bile acid binding protein (I-BABP) expressed in the epithelial cells of 

the distal small intestine has a key role in enterohepatic circulation and metabolic 

targeting of bile salts. Besides aiding the absorption of dietary lipids and fat-soluble 

vitamins, bile salts contribute to the regulation of metabolic processes. In particular, by 

regulating their own synthesis via a feedback mechanism, contribute to the maintenance 

of cholesterol homeostasis. Human I-BABP, a member of the family of intracellular lipid 

binding proteins (iLBP) has two binding sites exhibiting positive binding cooperativity 

and site-selectivity. Both phenomena appear to be governed by the pattern of steroid ring 

hydroxylation of the bound bile salts suggesting that the communication between the two 

binding sites is mediated by hydrogen bonds. However, the mechanism of I-BABP-bile 

salt interaction is not yet fully understood. As the binding cavity of the protein is not 

connected with the bulk, the mode of ligand entry and exit is of particular interest. 

Previously obtained stopped-flow kinetic data on I-BABP and biophysical studies of 

related iLBPs indicate the importance of conformational fluctuations in I-BABP-bile salt 

interactions. 

 NMR spectroscopy has the advantage of providing both structural and dynamic 

aspects of molecular recognition mechanisms. A further advantage is that functionally 

relevant internal motions can be studied on a wide range of time scales. Importantly, the 

residue- or often atomic-level information inferred from the NMR measurements can be 

related to macroscopically observed kinetic and thermodynamic data.  

 In the lack of X-ray structure, the ~14 kDa human I-BABP is an ideal target of 

NMR structural and dynamic investigations. The mechanistic insight into I-BABP-bile 

salt interactions provided by NMR may contribute to the treatment and prevention of 

pathologic conditions related to human I-BABP function. 
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Aims 

 

My doctoral work is focused on the residue-level characterization of biologically 

important µs-ms and ps-ns motions in human I-BABP including the elucidation of the 

effect of ligand binding on internal fluctuations in the protein. My additional goal is to 

relate the NMR dynamic parameters to previously obtained thermodynamic data of 

human I-BABP-bile salt interaction as well as to improve our understanding of the 

mechanistic role of structural changes accompanying ligand binding in human I-BABP. 

 

Methods 

 

Characterization of internal motions in apo and holo (complexed with an equimolar 

mixture of GCA and GCDA) human I-BABP was carried out using 15N NMR relaxation 

techniques. The vast majority of our measurements were performed on a 600 MHz (1H) 

four-channel NMR spectrometer equipped with an indirect 1H13C15N z-axis gradient 

probehead. The generalized order parameter (S2) characteristic of ps-ns fluctuation of 

1H-15N bond vectors was determined based on the Lipari-Szabo modelfree analysis of 15N 

T1, T2, and 1H-{15N} NOE data as a function of amino acid sequence. The temperature 

dependence (10-40 °C) of S2 in apo and holo human I-BABP was related to 

conformational entropy change accompanying ligand binding. Conformational exchange 

processes on the μs-ms time scale were investigated using CPMG relaxation dispersion 

NMR measurements in the 10-25 °C temperature range. Analysis of the contribution of 

conformational fluctuations to 15N transverse relaxation was carried out using the 

software GUARDD. Assuming a two-state process, the kinetic (kex), thermodynamic 

(pb=population of the excited state), and structural (δω=15N chamical shift difference 

between the two states) parameters of the conformational exchange were determined. 

Backbone assignment of apo and holo human I-BABP was carried out by 1H-13C-15N 

triple resonance NMR measurements and using the program Felix (Accelrys). 

Isotopically labeled (15N, 2H/15N, 13C/15N) human I-BABP for the NMR experiments was 

produced by recombinant protein expression in E. coli (MG1655) transformed with the 

ampicillin-resistant pMON-5840-hIBABP construct. 
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Results 

 

1. I established the backbone assignment of apo human I-BABP under our 

experimental conditions (20 mM K-phosphate, 50 mM KCl, 0.05% NaN3, 

pH=6,3, 25 °C). On the basis of Hα, Cα, Cβ, and CO chemical shifts I determined 

the position of secondary structure elements in the apo protein and compared in 

with that in the heterotypic human I-BABP:GCDA:GCA complex. I established 

that the most significant structural changes upon ligand binding occur in the CD, 

EF, and GH regions. I found that unlike in some other iLBP (in particular the 

intestinal fatty acid-binding protein) the helical segments in human I-BABP have 

a well-defined secondary structure in both the apo and the holo forms of the 

protein. 

 

2. I characterized the solvent exchange of backbone amide protons in apo and holo 

human I-BABP using saturation transfer NMR measurements. I established that 

bile salt binding most significantly increases the protection of backbone amides 

from solvent exchange in loop regions (CD, EF, IJ) as well as in the N-terminal 

half of beta-strand F. In both states of the protein I found an above average 

stability for the helical segments. 

 

3. I detected a ms time scale conformational exchange in apo human I-BABP, a 

motion which ceases upon bile salt binding. I established that residues involved in 

the fluctuation can be grouped into a “slower” and a “faster” cluster, which at  

25 °C merge into a single network of fluctuation with a kex ~ 2900 s-1. 

 

4. By carrying out CPMG Rex NMR measurements at different temperatures (10-18 

°C), I determined the thermodynamic parameters of conformational exchange 

processes occurring on the ms time scale. I established that both the slower and 

the faster cluster exhibit an entropy-enthalpy compensation characteristic of 

disorder-order transitions. 
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5. Comparison of the 15N chemical shift differences between the ground and excited 

states inferred from the NMR dynamic data with those observed between the apo 

and holo forms of the protein in amino acid positions not subjected to direct 

ligand effects suggests a conformational selection mechanism for bile salt 

binding. 

 

6. By analysis of 15N T1, T2 and 1H-{15N} parameters I found a nonlinear 

temperature dependence of ps-ns motions of 1H-15N bond vectors in the 10-40 °C 

temperature range in both apo and holo human I-BABP. 

 

7. I established that in the investigated temperature range, ligand binding affects the 

ps-ns flexibility of 1H-15N bond vectors in a temperature dependent manner. 

 

8. I identified several residues and segments in human I-BABP as potential targets for 

future mutagenesis investigation of the role of dynamics in human I-BABP function. 

 

 

1. Conclusions 

 
 

Our NMR relaxation studies of slow (μs-ms) conformational motions and fast (ps-

ns) internal fluctuations in apo and holo human I-BABP raise the possibility of the 

optimization of binding interactions by the modulation of the dynamic behaviour. This could be 

exploited in the future in the development of functional ligands as well as the design of 

I-BABP-based carrier proteins with specific biomedical applications. 
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