Kolloidale Eigenschaften
des humanen Transferrinrezeptors

Inaugural-Dissertation
zur Erlangung der Doktorgrades
des Fachbereichs Biologie, Chemie, Pharmazie
der Freien Universitat Berlin

vorgelegt von
Jens Schuler

Berlin 1999



Hiermit versichere ich, dal} ich die vorliegende Arbeit selbstandig angefertigt und nur die
in der Arbeit genannten Hilfsmittel verwendet habe.

1. Gutachten: Prof. Dr. W. Saenger
2. Gutachten: Prof. Dr. M. Schafer-Korting

Datum der Disputation: 01. 03. 2000



Inhalt

Abstract

1.1
1.2
1.3

2.1

2.2

2.3

2.4

2.5

2.6

3.1
3.2
3.3

. Einleitung

Die zellulare Eisenaufnahme bei Vertebraten
Struktur und Bindungsverhalten des hTfR
Zielsetzung der Studie

Materialien und Methoden

Lichtstreuung

2.1.1 Die statische Lichtstreuung

2.1.2 Die Photonenkorrelationsspektroskopie

2.1.3 Experimentelle Durchfiihrung

Fluoreszenz und Fluoreszenzkorrelationspektroskopie
2.2.1 Theorie der Fluoreszenzkorrelationsspektroskopie
2.2.2 Experimentelle Durchfithrung

Kalorimetrie

2.3.1 Differenz Scanning Kalorimetrie

2.3.2 Differenz-Titrations-Kalorimetrie

Analytische Ultrazentrifugation

2.4.1 Experimentelle Durchfiihrung
Circulardichroismus (CD)

2.5.1 Experimentelle Durchfithrung
Proteinreinigung und Probenvorbereitung

2.6.1 Reinigung des Transferrinrezeptors

2.6.2 Probenvorbereitung

Ergebnisse

Kolloidale Eigenschaften
Aggregationsverhalten
Rezeptor-Ligand Wechselwirkungen

|

11

11
12
14
16
19
21
23
26
27
29
31
32
34
36
37
37
40

43
43

46
58



4. Diskussion
4.1 Kolloidale Eigenschaften
4.2 Aggregation
4.3 Rezeptor-Ligand Wechselwirkungen
4.4 Zusammenfassung und Ausblick
5. Literaturverzeichnis
Abbkiirzungen
Danksagung

Lebenslauf

67
67
69
78
82
85
89
90

91



Abstract

The colloidal properties of human transferrin receptor in detergent free solution
have been investigated by light scattering techniques and ultracentrifugation. At
293.2 K, hTfR forms stable and well defined aggregates with an apparent hydrody-
namic radius of 17 nm. The molecular weight of these particles was determined by
ultracentrifugation to be between (1722 + 87) kD (sedimentation equilibrium) and
(1675 = 46) kD (sedimentation velocity). This implies that the particles are built up
from nine hTfR dimers. Based on model calculations, which are in good agreement
with the experimental data, a torus-like structure for the particles is proposed. Upon
pH shift from pH 7.5 to 5.0 or removal of the N-linked carbohydrate chains, forma-
tion of larger aggregates is induced, which can be described in terms of porous frac-
tal structures. A simple model is given on the foundation of basic DLVO theory,
which accounts for this behavior assuming that the aggregation upon pH shift or
deglcosylation is mainly due to the reduction of negative surface charge.

The thermal stability of transferrin receptor in detergent free solution has been in-
vestigated by static light scattering and photon correlation spectroscopy. When ris-
ing the temperature above 293.2 K, the 17 nm hTiR particles become more compact,
and at 340.2 K a phase transition takes place and spontaneous aggregation of the
receptor occurs. Under these conditions large clusters are formed which assemble to
fractal aggregates and coexist with dendritic crystalline structures. The experimen-
tal findings are compatible with a model, which involves a reaction limited cluster-
cluster aggregation mechanism in conjunction with a nucleation process. The mo-
lar enthalpy change associated with the phase transition was determined to be
(1860 + 150) k] mol™! at a transition temperature of (341.3 + 0.2) K.

The interaction dynamics of fluorescence labeled transferrin with the 17 nm hTfR
particles were studied using fluorescence correlation spectroscopy. The dissociation
constant for the equilibrium binding of Tetramethylrhodamine labeled ferri-trans-
ferrin to hTfR in detergent free solution was determined to be (7 £ 3) nM . Binding
curves were compatible with equal and independent binding sites present on the
hTiR particles. Under pseudo first order conditions with respect to transferrin, com-
plex formation is monophasic. From these curves, association and dissociation rate
constants for a reversible bimolecular binding reaction were determined, with (1.1
+ 0.1) 104 M~ !s7! for the former and (6 + 4) 10~ s7! for the latter. In dissociation
exchange experiments, biphasic curves and concentration independent reciprocal
relaxation times were found. From iso-thermal titration calorimetry experiments we
obtained an enthalpy change of —44.4 k] mol™! for this reaction.
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