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I ntroduction

The neurotensin receptor is a member of the G-protein couped receptor (GPCR) family
of transmembrane proteins that is adivated uponthe binding of the basic tridecaeptide
agonist, neurotensin, to the extracdlular surfaces of cells. The neurotensin receptor is
foundwidely in bah the central nervous system and the periphery. In the periphery, it
stimulates snooth muscle cntradion [1,2). In the central nervous system, it mediates a
variety of activities including antinociception, hypathermia and increased locomoter
adivity [3-5]. These dfeds are probably mediated through the regulation d the
mesolimbic and negrostriatal dopamine pathways [6,7]. As a result, the
pharmaawmlogical adion d the neurotensin is gmilar to that observed for dopamine,
where compounds function as antipsychatics [6,7], and intervention may provide useful
insights for the development of treatments for condtions such as schizophrenia [8] and
Parkinson' s disease [9].

To date no drect high resolution structural information is avail able for the neurotensin
receptor due to limited successes at production o 2D and 3D crystals for diffraction
studies and to the unfavorable relaxation rates associated with this sze of membrane
system in conventional high resolution solution state NMR studies. Although no drea
structural information is available for the neurotensin receptors, hdistic modeling
approadhes have been employed to provide evidencethat the receptor adops the typical
7 transmembrane motif shared by this family of receptors [10]. A putative agonist
binding site containing the agonist analogue neurotensin(8-13) has been modeled,
suppated by site direded mutagenesis and structure/activity studies [11]. High-
resolution solution NMR structural studies of the agonist, neurotensin, in the ésence of
recegptor have revealed that no peferred conformation exists in solution [12].
Extensions of these studies to neurotensin in the presence of the membrane mimetic
sodium dodecyl dys-sulphate again indicae that no preferred conformation was adoped
although some ordering of charged residues on the surface of the micdles was observed
[17].
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Fig 1.Diagram showing an energy minimized structure of neurotensin(8-13) (Arg™-Arg*Pro’
Tyr*-lle>-Leu®), a C-terminal fragment of neurotensin that shows similar pharmacological
efficacy (Kq=13rnM).

The a@m of the studies presented here is to provide direct structural information for the |
agonist, neurotensin, whil st boundto the functionally adive neurotensin receptor. This
information may be included in future models to aid the understanding of the events
asciated with the moleaular recognition o neurotensin by the neurotensin receptor.
To this end we have undertaken the preparation d sufficient quantities of recombinant
neurotensin receptor to suppat a solid state NMR study. Through the incorporation o
both cabon-13 and ritrogen-15 into a pharmaamlogically adive C-termina fragment of
neurotensin, neurotensin(8-13) (Fig 1), we have been able to employ solid state NMR
methoddogies to spedfically observe neurotensin(8-13) whil st boundto the neurotensin
receptor and to assgn resonances to particular groups within the agornist. As a prelude
to a full assgnment of neurotensin(8-13) boundto the receptor, we have performed a
nea complete assgnment of the lyophilized agonist fragment. This demonstrates that
sufficient resolution exists to permit a full assgnment of such compound. These
assgnments are essential to further structural work and may, under favorable
conditions, alow us to suggest a preferred conformation d the agonist whilst boundto
the receptor.

Materialsand Methods
Expresson d neurotensin receptor

Detergent solubilized rat neurotensin receptor was obtained by the method d
Grisdhammer [13]. For expresson E.coli strain DH5a was grown on doulbe strength
TY medium [14] containing ampicilli n (100 pg/ml) and 02% glucose. A NTR fusion
protein was expressed from the pRG/Il1-hssMBPRT43NTR-TrxA-H10 gene anstruct
kindy doreted by Dr R. Grisshammer [13]. This plasmid contains a truncated
neurotensin receptor, which is fused at its N-terminus to a maltose binding protein and
its ggna sequence (MBP) in arder to target the N terminus to the periplasm. It is also



fused at its C-terminus to thioredoxin, to aid stability, and to a deca-histag to assst in
purificaion. The transformed DH5a were grown in 400nl of medium ina 1| flask at
37°C until OD660 reated 0.7. The ailtures were subsequently induced with 0.5mM
isopropyl-B-galadoside (IPTG). The temperature was then lowered to 20C and
incubated for a further 40 h. The cdls were harvested by centrifugation, flash frozen in
liquid nitrogen and stored at —70°C.

Purifi cation d neurotensin receptor

The purification d heterologously expressed neurotensin receptor was performed using
the method d Grisdhammer [15]. Briefly, 200g of cdl paste were resuspended in 1.4
of neurotensin bufer (50mM TRIS, 0.2M NaCl, 30% glycerol, 0.6 CHAPS 0.1%
CHS, 0.1% LM) containing pepstatin A, leupeptin A, PMSF, lysozyme and Dnase, to
prevent protein degradation and to aid cdl lysis. The cdls were then broken by three
pases through a flow-through sonicaor and subsequently clarified by centrifugation.
The supernatent was loaded orto a Quiagen NTA nickd affinity column in 1ImM
imidazole & a flow rate of 10 ml min®. The neurctensin receptor eluted with
neurotensin bufer containing 350 mM imidazole. The eluate was then concentrated
using an Amicon stirred cell with YM-30 membrane.

The buffer was subsequently exchanged to alow salt buffer (50mM TRIS, 20mM NaCl,
30% glycerol, 0.6 CHAPS 0.1% CHS, 0.1% LM) using a 150 ml Sephadex-G25
column. The adive receptor was purified using a neurotensin affinity column[13]. The
affinity column was equili brated with low salt buffer and the fradion containing the
neurotensin receptor loaded a 0.5 ml min®. Following washing with bah low salt
buffer and 200mM KCI buffer, the adive neurotensin receptor was eluted using a high
salt buffer (50 mM TRIS, 1.0M NaCl, 30% glycerol, 0.3 CHAPS 0.1% CHS, 0.1%
LM). Prior to NMR studies the purified neurotensin receptor was returned to desalting
buffer and concentrated using a stirred cdl Amicon and Centricon containing a Y M-30
membrane.

The adivity of the protein was monitored using a triti ated-neurotensin hinding assay
[15], whilst the protein concentration was monitored using an amido Had protein assay
[15]. Purity was determined by a 5-12% gradient SDS-PAGE, followed by Comasge
staining [15].

Sdid phase synthesis of neurotensin(8-13).

Neurotensin(8-13) was g/nthesized using conventional FMOC solid phese synthesis at
the Oxford Center for Molecular Sciences. Uniformly 13C and 15N labeled amino
adds (Promochem, UK) were proteded and puified using standard amino add
protedion potocols [16,17.The mpound confirmed by electrospray mass
spedroscopy and thin layer chromatography [17]. Following solid phase synthesis, the
peptide was purified by reverse phase HPLC, eluting at an acetonitrile concentration o
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Fig 2. 4-12% Comasse stained MES SDS lyacrylamide gradient gel of samples obtained
during the purification of recombinant neurotensin receptor. lanes. standards (Sd), clarified
sample(A), Quiagen-NTA flow through (B), 500mM imidazole eluate (C), desalted sample (D),
NT column flow through (E), 200mM KCI wash (F), 1M NaCl eluate from NT affinity column
(G) and concentrated sample of neurotensin receptor (H).

27% comparable with urlabeled neurotensin(8-13) (Sigma, UK) used as a standard.
Eledrospray mass gedroscopy of the final product gave asingle moleaular spedes
with moleaular weight 868 Da cnsistent with unform 13C and 15N isotopic labeling
of neurotensin(8-13).

NMR methods

CP-MAS spedra of the lyophilized samples of neurotensin(8-13) were aquired on a
Bruker Avance 600, @erating at 600 MHz (proton Lamour frequency) with a 2.5mm
Bruker triple resonance probehead. Carbon-13 and Nitrogen-15 cross polarization
magic angle spinning (CP-MAS) spedra were acquired using an adiabatic aoss
polarization sequence [18] with a cnstant proton field of 60 kHz. Decougding during
aqquisition was performed with 125 Hz TPPAM deoouging [19] (phase dternation 79).
Carbon-13/Nitrogen-15 HETCOR experiments was performed at 15 kHz spinning, and
transfer from Nitrogen-15 and Carbon-13 was achieved by an adiabatic sweep (10ms,
centered at 50 kHz field). During t; and t;, TPPM demuding was applied as described
abowve, and Lee Goldberg decouding with an applied field of 12GkHz was employed
during mixing. Phase sensitive detection in t; was achieved using TPPI phase cycling
of theinitial protonto nitrogen-15 crosspdarization. Carbon-13/Carbon-13 correlation
data was acquired using a 2D exchange experiment at 22.5 KHz spinning with a RFDR
sequence [20] (1t puses of 8us were gplied rotor synchronowsly with XY -8 phase
cycling) applied duing the mixing period. During t; and t;, TPPM demuding was
applied as described, and 120 Hz Lee-Goldberg decouping was applied duing mixing.



