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Abstract

ABSTRACT

The enzyme 5'-nucleotidase from E. coli hydrolyses phosphoester and phosphoanhydride
bonds of various nucleotides. Four different crystal structures of the enzyme revealed that
the two domains of the monomeric protein can assume different conformations with a ma-
ximum rotation of 96° of the C-terminal domain relative to the N-terminal domain.

In this thesis the two domains of the proteins were cross-linked via two genetically intro-
duced cysteine residues that form a disulfide bridge. To trap the protein in both an open
and closed conformation two double mutants were created: Ser-228—Cys, Pro-513—Cys
(open conformation, referred to as SP-protein) and Leu-424—Cys (closed conformation,
referred to as PL-protein). The modified genes could be expressed and the proteins could
be purified. The PL-protein crystallised in a tetragonal crystal form, whereas two different
crystal forms (one tetragonal and one monoclinic) of the SP-protein were obtained.
Structure analysis revealed that the cross-linked enzyme variants were still very flexible.
This is apparent from a comparison of the molecules within the two structures of the SP-
protein that differ by 11,5° from each other. Moreover, the structure of the PL-enzyme dif-
fers by a rotation of 43,2° from the targeted closed conformation. Both kinetic data and
theoretical calculations demonstrate that the PL-protein can indeed rotate more than 40°
despite the movement constraining disulfide bridge.

Introducing the disulfide bridge into the protein did not compromise its structural integrity.
This conclusion is drawn on basis of structural superpositions and analysis of the metal
ion coordination in the active centre where no differences in the mutant strucutres as
compared to the wild-type structures could be found. Furthermore, the interdomain screw
axes between the engineered proteins and the wild type protein were all located approxi-
mately in the same plane as all screw axes relating the wild-type conformations indicating
that the enzyme was trapped in a conformation that belongs to the rotational landscape of
the wild-type protein.

Although the mutant proteins were unexpectedly flexible they could be used for kinetic
and spectroscopic analysis. Both enzymes could be kinetically activated upon reduction of
the disulfide bridges, which proved that the domain rotation is in integral part of the cataly-
tic functioning of the enzyme. Moreover, the data show that the substrate inhibtion obser-
ved in the wild-type protein is linked to the domain rotation of the enzyme.

The cross-linked proteins were also used as conformational reference states in CD-
spectroscopy. With the help of these reference states it was possible to assign the wild-
type protein to an open conformation. Furthermore, a conformational change has been
observed for the wild-type protein after adding both inhibitor and metal ions.

Taken together this thesis gives a detailed exemplary structural description on engineered
disulfide bridges in proteins and shows that biochemical analysis of the cross-linked prote-
ins provides valuable information on the interplay between protein movement and catalytic
functioning in E. coli 5'-nucleotidase. The structural information greatly facilitated the in-
terpretation of the biochemical data.
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Abklrzungen

ABKURZUNGEN

5-NT 5-Nucleotidase

A Angstrom, 0.1 nm

°C Grad Celsius

ADP Adenosindiphosphat

AMP Adenosinmonophosphat

AMPCP o,pB-Methylen-ADP

Ap3A P!, P*-di-Adenosin-5'- triphosphat

Ap4A P!, P*di-Adenosin-5'- tetraphosphat

ATP Adenosintriphosphat

AU Asymmetrische Einheit (asymmetric unit)

BESSY Berliner Elektronen-Synchrotron

B-Faktor Temperaturfaktor

BPNP bis-para-Nitrophenylphosphat

CD Zirkulardichroismus (circular dichroism)

C-terminal Carboxyl-terminal

Da Dalton, g/mol

DESY Deutsches Elektronen-Synchrotron

DTT Dithiothreitol

EDTA Ethylendiamintetraessigsaure

EMBL Europaisches Molekularbiologisches Labor

Hepes N-(2-Hydroxyethyl)piperazin-N’-(2-ethansulfonsaure)

IPTG Isopropylthiogalactosid
Monomethylether-Polyethylenglycol mit einer mittleren Molekularmasse

MPEGXXX
von XXX g/mol

N-terminal Amino-terminal

ODegno Optische Dichte bei einer Wellenlange von 600 nm

PAGE Polyacrylamidgelelektrophorese

PDB Protein-Datenbank

pL 5'-NT mit den Mutationen Prolin 90 zu Cystein und Leucin 424 zu Cys-
tein

PEGXXX Polyethylenglykol mit einer mittleren Molmasse von XXX g/mol

pNPP Para-Nitrophenylphosphat

Riree freier kristallographischer R-Wert

Rmsd Mittlere quadratische Standard-Abweichung (root mean square deviati-
on)

SDS Natriumdodecylsulfat (sodium dodecyl! sulfat)

Grms Mittlere quadratische Standard-Abweichung auf eins normiert.




Abkurzungen

SP

SV

Tris
Tris-HCI
UpM
UV280

v/v
wlv

5-NT mit den Mutationen Serin 228 zu Cystein und Prolin 513 zu
Cystein

Saulenvolumen

Tris-(hydroxymethyl)-aminomethan

Durch Zugabe von Salzsaure auf einen bestimmten pH-Wert eingestell-
te Lésung von Tris

Umdrehungen pro Minute

Ultraviolette Absorption bei 280 nm

Verhaltnis des Volumen einer Substanz zum Gesamtvolumen
Verhaltnis der Masse [kg] einer Substanz zum Gesamtvolumen [I].
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