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Abstract
The crystal structure of 5‘-nucleotidase (5‘-NT) from E. coli, also known as UDP-sugar

hydrolase, has been determined using four different crystal forms at 1.7 Å, 2.2 Å, 2.1 Å and 1.9

Å resolution. 5‘-NT is monomeric and consists of two domains connected by an α-helix. The

major difference between the four crystal structures is a hinge-bending domain movement of 96°

which divides the protein structures in an open and closed conformation. Two endogenous zinc

ions in the active site of the open conformations are coordinated in a trigonal-bipyramidal way by

protein ligands and a metal-bridging water molecule or a (bi)carbonate ion. In the closed

conformation two manganese ions in the active site are coordinated octahedral by protein

ligands, phosphate or inhibitor molecule, a metal-bridging and a monodentate binding water

molecule. The active site shows structural homology to related enzymes of the superfamily of

βαβαβ-metallophosphoesterases, including Ser/Thr protein phosphatases and purple acid

phosphatases, but differs in the metal coordination sphere of the site 1 metal ion and other

active site residues. The most prominent difference is the presence of a second domain in 5‘-NT

that forms part of the active site, located in a cleft between the two domains.

In the open conformation, substrate ATP is bound to the C-terminal domain at a distance

of about 20 Å from the catalytic center. In the closed conformation, cocrystal structures of 5‘-NT

in complex with the products adenosine and phosphate and complexed with the substrate

analogue inhibitor α,β-methylene-ADP have been determined in order to study the reaction

mechanism.

E. coli 5‘-NT exhibits a unique 96° domain motion in which the smaller C-terminal domain

rotates approximately around its center such that the residues at the domain interface move

predominantly in the direction of the interface. This movement differs from a classical hinge-

bending closure motion which involves an opening of the substrate or ligand binding cleft

between two domains such that the residues of the cleft move predominantly perpendicular to

the domain interface. Structures of the open and closed forms with substrates and inhibitors

show that the substrate moves by 20 Å with the large domain rotation into the catalytic site. Nine

independent conformers have been analysed in the four crystal forms. The domain motions

derived from a comparison of these conformations show that all conformational changes can be

described as domain rotations around axes that are roughly located in one plane. This plane

includes the domain centers and the hinge. Two residues, Lys-355 and Gly-356, form the core of

the hinge region and undergo a large change of the main-chain torsion angles.
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Abkürzungen
5‘-NT 5‘-Nucleotidase
Å 0.1 nm
°C Grad Celsius
ADP Adenosindiphosphat
AMPCP α,β-Methylen-ADP
ATP Adenosintriphosphat
AU Asymmetrische Einheit (asymmetric unit)
B-Faktor Temperaturfaktor
C-terminal Carboxyl-terminal
Da Dalton, g/mol
DESY Deutsches Elektronen-Synchrotron
EDTA Ethylendiamintetraessigsäure
EMBL Europäisches Molekularbiologisches Labor
EMTS Ethylquecksilberthiosalicylat
Hepes N-(2-Hydroxyethyl)piperazin-N’-(2-ethansulfonsäure)
IPTG Isopropylthiogalactosid
MAD Multiple anomale Dispersion
MALDI-MS Matrix assisted laser desorption ionization-Massenspektrometrie
MIRAS Multiple anomale Dispersion plus anomale Streuung
MIR Multipler isomorpher Ersatz
MPEGXXX Monomethylether-Polyethylenglycol mit einer mittleren Molekularmasse

von XXX g/mol
N-terminal Amino-terminal
OD600 Optische Dichte bei einer Wellenlänge von 600 nm
PAGE Polyacrylamidgelelektrophorese
PDB Protein-Datenbank
PEGXXX Polyethylenglykol mit einer mittleren Molmasse von XXX g/mol
PIP Di-µ-Iodobis(ethylendiamin)-di-platin(II)nitrat
Rmsd Mittlere quadratische Standard-Abweichung (root mean square devi-

ation)
SDS Natriumdodecylsulfat (sodium dodecyl sulfat)

σrms Mittlere quadratische Standard-Abweichung auf eins normiert.

SV Säulenvolumen
TAMM Tertrakis(acetoxymercuri)-methan



Tris Tris-(hydroxymethyl)-aminomethan
Tris-HCl Durch Zugabe von Salzsäure auf einen bestimmten pH-Wert eingestellte

Lösung von Tris
UpM Umdrehungen pro Minute
UV280 Ultraviolette Absorption bei 280 nm
v/v Verhältnis des Volumen einer Substanz zum Gesamtvolumen
w/v Verhältnis der Masse [kg] einer Substanz zum Gesamtvolumen [l].
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