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NMR Studies of Ni-binding Luteinizing Hormone Releasing Hormone
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Abstract : Luteinizing Hormone Releasing Hormone (LHRH) is composed of 10
amino acids, and is best known as a neurotransmitter. Because of the 80% homology
in animals, much more concerns have focused on the substances that have similar
functions or can control LHRH. Ni,Cu-LHRH complexes were synthesized. The
degree of complexation was monitored by 'H, *C-NMR chemical shifts, and final
products were identified by ESI-Mass spectrum. Solution-state —structure
determination of Ni-LHRH complex was accomplished by using NMR results and
NMR-based distance geometry (DG). Interproton distances from nuclear
Overhauser effect spectroscopy (NOESY) were utilized for the molecular structure
determination. Results were compared with previous structures obtained from
energy minimization and other spectroscopic methods. Structure obtained in this
study has a cyclic conformation which is similar to that of energy minimized, and
exhibits a specific a-helical turn with residue numbers (2-7) out of 10 amino
acids. Comparison of chemical shifts and EPR studies of Ni,Cu-LHRH complexes
exhibit that Ni-LHRH complex has same binding sites with the 4-coordination mode
as in Zn-LHRH complex.
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INTRODUCTION

Luteinizing hormone-releasing hormone (LHRH, or GnRH = gonadotropin- releasing
hormone, MW=1,182) is a decapeptide endocrine biomolecule which regulates of the
secretion of gonadotrophins, luteinizing hormone (LH), and the follicle stimulating
hormone (FSH). The LHRH, best known as a main neurotransmitter, has following a amino

acid sequence pGlu[1]-His[2]-Trp[3]-Ser[4]-Tyr[5]-Gly[6]-Leu[7]- Arg[8]-Pro[9]-Gly[10]-
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NH,. The synthesis and release of this peptide is regulated by the central nervous system
and subject to environmental influences such as age, light, olfactory stimuli, and sexual
stimulation ' .

Although numerous LHRH analogs have been synthesized and structurally
characterized, relatively little is known about the processes by which the LHRH receptor is

activated during the hormone action *'

. For agonist and antagonist synthesis, the
substitution with L-amino acids on the position of Gly[6] decreases activities, whereas the
substitution with D-amino acids (D-Ala, D-Val) increases the activity much more than that
of native LHRH '*'° . The properties of dimeric analogs (D-Gly10-[D-Lys6]GnRH-NHEL)
indicate that the LHRH receptor is more readily activated by a bivalent ligands. Several
antagonists were synthesized by using solid phase peptide synthetic method to test receptor
binding on the basis of some cyclic peptide analogs of LHRH. The most potent cyclic
peptide antagonist analog is known as Ac-D-Phe(p-Cl)-D-Trp-Ser-Glu-D-Arg -Leu-Lys-

18~20 show

Pro-D-ala-NH,. Energy minimization methods and molecular dynamic studies
that this cyclic antagonist analog has a modified -bend between residue position [5] and [8].

Since Burrows *' showed that the chelated copper is a highly potent and possibly
endogenous agent which includes the release of LHRH from its neurosecretary cells in the
hypothalamus, the metal-binding effect of LHRH has been reevaluated in physiological
pathway because of their structurally unique function. The copper, chelated to putative
circulating chelators, markedly stimulates LHRH release. Focusing on the stimuli of metal
chelator and on the release of LHRH from the hypothalamus into the portal blood, there
have been many papers published to discuss various aspects of conformational dynamics
and metal binding effects of LHRH. Although lot of LHRH analogs have been synthesized
and theoretically studied, detailed mechanistic roles and functions are not known for the
free LHRH and metal-binding complexes of LHRH.

Although dose-response experiments (physiological test) provide information on the
efficiency of LHRH analogs, it does not give any detailed structural features, including a
mechanism of LHRH releasing and the coordination chemistry of metal-binding LHRH
which may provide important features of therapeutic agents. The purpose of this paper is to
understand the transition metal-dependent regulation of LHRH releasing from

hyperthalamus as well as the coordination chemistry of metal-binding LHRH (or affinities
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of metal chelators to LHRH) in stimulated LHRH releasing process. Structural
characterization by using NMR and NMR-based Distance Geometry (DG) were carried out
to obtain further insights of the stimulated LHRH releasing process.

EXPERIMENTALS

Reagent

Neurohormone LHRH(purity 99%) were purchased from Sigma, and atomic
absorption standard solution of metal ions including NiCl,, CuCl, were purchased from
Aldrich. LHRH was dessolved in demineralized HPLC grade pure water (pH 5.3), and
subsequently standard metal ion were added for complexation. During the complexation,
the pH of each sample adjusted to pH 6.5 ~6.8 by titration of 0.001M NaOH and HCI
pertinently. The degree of complexation was monitored by NMR chemical shift change, and
the final mass of each complex was identified with ESI-Mass. After drying this solution by

freeze dryer, sample was solved in D,O/H,O solvent for NMR experiments.

NMR Experiments

NMR sample was prepared by dissolving 10 mg of synthetic peptide into 500 mL of
D,0 and H,O. All NMR data were collected on Varian 500 MHz and 300 MHz system at
25 T by using homonuclear and heteronuclear correlation experiments including
correlation spectroscopy (COSY), total correlation spectroscopy (TOCSY), nuclear
Overhauser effect spectroscopy (NOESY), HMQC, and HMBC techniques. COSY :
2x256x1024 raw data matrix size; 16 scans per tl increment; 1.5 s repetition delay; 6 Hz
Gaussian and 90° shifted squared sine bell filtering in the t2 and t1 domains, respectively.
TOCSY : 2x256x1024 raw data matrix size; 32 scans per tl increment; 1.5 s repetition
delay; 65 ms MLEV-16 continuous wave spin lock period; 6.25 kHz spin lock field strength,
corresponding to 42us 90° pulse width; 6 Hz Gaussian and 90° shifted squared sine bell
filtering in the t2 and t1 domains, respectively. NOESY : 2x256x1024 raw data matrix size;
64 scans per tl increment; 2.8 s repetition delay period; 10, 50, 100, 300, 500 ms mixing
period for nuclear Overhauser effect (NOE) buildup profile; 6 Hz Gaussian and 90° shifted
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squared sine bell filtering in the t2 and t1 domains, respectively. HMQC : 2x128x1024 raw
data matrix size; 128 scans per t1 increment; 1.2 s repetition delay; 33 us 90° C pulse
widths; 16W RF broad band Walts-16 C decoupling during acquisition period; 3.5 ms
defocusing and refocusing delay periods; 800ms "Weft" period; 6Hz Gaussian and 90°
shifted squared sine bell filtering in the t2 and t1 domains, respectively. HMBC :
2x128x1024 raw data matrix size; 512 scans per t1 increment; 2.0 s repetition delay period,;
33 us 90° C pulse widths; 3.5 ms delay period for suppression of one-bond signals; 40 ms
delay periods for long-range coupling; 15° shifted sine-bell filtering in the t2 domain, and

no filtering in the t1 domain.

NMR Signal Assignment and Structure Determination

Complete 'H-NMR signal assignments of metal free LHRH and Ni-binding LHRH
were accomplished by 2D COSY, TOCSY, NOESY experiments ** . The degree of zinc
complexation was made by micro titration. Spectral comparisons were made for the spectral
region of alpha proton and NH proton. The changes of chemical shift provide the possible
metal binding site and structural information (Fig. 1 and Fig. 2). 'H-NMR signal
assignments were made by determining scalar connectivities within amino acid residues
from COSY spectrum and then correlating the signals of adjacent residues on the basis of
dipolar connectivities obtained from 2D NOESY data.(Table 1)
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Fig. 1. The spectral region of alpha protons of peptide bonds and aromatic protons are shown for

LHRH and Ni-binding LHRH
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Fig. 2. The spectral region of NH protons of peptide bonds and aromatic protons are shown for

LHRH and Ni-binding LHRH
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Table 1. Important NOE connectivities used for the structure determination of Ni-binding LHRH.*

FH Signals Che’(";;i )Shift NOE Connectivities
W(NH) 812 | Wa(s), Wh(vw)
G1O(NH) 830 |Pa(s), Gl0a(s)
G6(NH) 821 G6a(s), YB(w)
R(NH) 820 |Ra(s), RB(m), LB(m), La(s)
H(NH) 8.03 Wa(w), Ha(s), Ea(w), WA(w), HB(w)
Y(NH) 709 |Wam)
S(NH) 842 |Wa(w), Ya(m), Sa(s), G6a(vw), T(m)
L(NH) 782 |La(m), G6a(s), LBr(s), LBs(m), G6(NH)(m)
E(NH) 775 |Ea(m)
W4 757 |Wa(w), WB(w)
W7 757 | Wa(w), WB(w)
W6 714 | Wa(w), WB(w)
Y2 703 |Ya(w), YB(m), Y3(s)
Y6 7.03 Ya(w), YB(m), Y5(5)
o 683 |HB(w), Ha(vw)
La 435 |LB(m)
Y26 702 |W2,5(m), Y3.5(s), W(NH,ring)(m)
W2,5 704 | W(NH,ring)(w), W4,7(s)
H(NH,ring) 109  |W(NH,ring)(m), GlO(NH,)(m), W6(s), WNH)(vw)

*NOE:s are classified into strong(s), medium{m), weak(w), very weak(vw) based on intensity.
Prociral assignment were used for methylene proton as r and s, respectively. Positions of each proton

are labeled with Ca (a) and CB(f3) and numbering scheme for functional group.
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Molecular geometry associated with electronic structures of Ni,Cu-LHRH complexes
exhibiting paramagnetic properties gave rise to signal broadening and change of chemical
shifts near binding sites. X-band EPR spectrum of Ni,Cu-LHRH complexes exhibit that
complexes have same binding sites with the 4-coordination as in Zn-LHRH complex. The
EPR spectrum of Ni,Cu-LHRH with g ,=2.207, g,= 2.067, a,=192.383 are shown in Fig. 3.
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Fig. 3. EPR studies of Ni,Cu-LHRH complexes exhibit that they have same binding sites with the 4-
coordination Zn-LHRH complex. X-band EPER spectrum of Ni,Cu-LHRH complexes with
g1=2.207, g.=2.067, a,=192.383 values were observed.

Structure determinations were carried out using HYGEOM™, HYNMR™ * | In
structural interpretations with distance geometry the experimental NOE constraints are best
interpreted as a range of equally probable values for the distances in question. NOE
restraints were divided into cross peaks classified as strong, medium, weak and very weak.

The ranges of NOE restraints were assigned with 2.0-2.9(strong peaks), 2.0-3.5(medium
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peaks), 3.5-4.5(weak peaks), 3.5-5.0(very weak peaks). Standard pseudo atom corrections
were applied to the NOE restraints. Distance geometry (DG) structures were generated and
refined by using primary restraints. Trial distances generated by selecting random distances
between the upper and lower bounds of each element were embedded (Fig. 4). These DG
structures were then subjected to conjugate gradient minimization (CGM), affording new

structures with penalties in the range of ca. 0.8-2.0A%. When additional CGM was unable to

further reduce the penalty for a particular structure.
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Fig. 4. Flow diagram used for the NMR-based distance geometry computation

2D NOESY back calculations were performed, and new distance restraints dictated by

discrepancies between the experimental and back-calculated spectra were added to the




NMR Studies of Ni-binding Luteinizing Hormone Releasing Hormone 151

experimental restraint list. Freshly embedded DG structures minimized with the modified
restraints list generally exhibited penalty values lower than those of the previously refined
structures and the new DG structures generally gave back-calculated NOESY spectra that
were more consistent with experimental data. This cycle of (1) random embedding, (2)
minimal simulated annealing and CGM, (3) back calculation and (4) restraints modification
was repeated iteratively until structures consistent with the experimental data could be
obtained.

The structure was calculated using the DG algorithm HYGEOM™, and 30 separate
structures were generated using all constrains and random input. No further refinement by
energy minimization was carried out on the output of the DG calculations. RMSD (root-
mean-square distances) deviations between the NMR structures were 0.65A for the
backbone. Back-calculation was made by using GNOE calculation in order to generate the
theoretical NOEs. A consecutive serial files, obtained from GNOE calculation were
incorporated into HYNMR™ to generate NOE back-calculation spectra which can be
directly compared with experimental NOESY spectra. The resultant solution state structures

of zinc-binding LHRH were determined and shown in Fig. 5.

Fig. 5. Superimposed 30 restrained molecular dynamics structures of Ni-LHRH with 0.65 A of root

mean square deviation about backbone atoms.
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CONCLUSIONS

Complete '"H-NMR signal assignments were accomplished by utilizing 2D NMR
techniques. NMR-based DG computation enabled us to determine the solution state
structure of zinc binding LHRH. The final 30 structures of LHRH having 0.19~0.28A° of
penalty value, and 0.2~0.3A of root mean square deviations were obtained. Nickel binding
sites of LHRH are imidazole nitrogen of His[2], oxygen in peptide bond between His[2] and
trp[3], and terminal NH, of Arg[8]. Refined structure of Ni-LHRH having 0.18~0.31A% of
penalty value were obtained. The backbone shape of metal complex resemble free LHRH's,
like cyclic form. So far metal-LHRH studies should be focused on understanding the nature
of metal-LHRH (Ni,Cu,Zn-LHRH) which may provide insight into the specific biological
meanings of these transition metals. Further objectives are to establish the structural

features (or coordination geometry) of the stimulated LHRH-releasing process.
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