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Parathyroid hormone (PTH) is involved in regula-
ion of the calcium level in blood and has an influence
n bone metabolism, thus playing a role in osteoporo-
is therapy. In this study, the structures of the human
TH fragments (1–34) and (1–39) as well as bovine
TH(1–37) in aqueous buffer solution under near
hysiological conditions were determined using two-
imensional nuclear magnetic resonance spectros-
opy. The overall structure of the first 34 amino acids
f these three peptides is virtually identical, exhibit-
ng a short NH2-terminal and a longer COOH-terminal
elix as well as a defined loop region from His14
o Ser17, stabilized by hydrophobic interactions.
PTH(1–37), which has a higher biological activity,
hows a better-defined NH2-terminal part. In contrast
o NH2-terminal truncations, which cause destabiliza-
ion of helical structure, neither COOH-terminal trun-
ation nor elongation significantly influences the sec-
ndary structure. Furthermore, we investigated the
tructure of hPTH(1–34) in 20% trifluoroethanol so-
ution. In addition to its helix-stabilizing effect, tri-

This work was supported by grants from the Fonds der Chemis-
hen Industrie (FCI) (to P.R.) and from Deutsche Forschungsgemein-
chaft (DFG, BA-1624/3-1) (to P.B.).
Abbreviations used: bPTH, bovine parathyroid hormone; Clean-

OCSY, TOCSY with suppression of NOESY-type cross peaks; dgsa,
istance geometry simulated annealing; COSY, correlated spectros-
opy; DQF-COSY, double quantum filtered COSY; DG, distance ge-
metry; DSS, 2,2-dimethyl-silapentane-5-sulfonic acid; DSSP, defi-
ition of secondary structure of proteins; HBTU, 2-(1H-benzotriazol-
-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate; hPTH, human
arathyroid hormone; MD, molecular dynamics; NOE, nuclear Over-
auser effect, also used for NOESY cross peak; NOESY, NOE spec-
roscopy; ppm, parts per million; PTH, parathyroid hormone; rmsd,
oot-mean-square deviation; TFE, 2,2,2-trifluorethanol; TOCSY, to-
al correlation spectroscopy.
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It is generally accepted that the NH2-terminal 34
mino acids of the 84-amino-acid parathyroid hormone
hPTH) are sufficient for the known endocrine biologi-
al activities of this peptide hormone. The naturally
ccurring hPTH(1–37) fragment as well as hPTH(1–
4) maintain normocalcemia in blood via adenylate
yclase activation (1). The involvement of the phospha-
idylinositol hydrolysis signaling pathway is also pos-
ulated for this function (2). His14 to Phe34 is sug-
ested to be the receptor binding region (3, 4), whereas
he very NH2-terminal part of the peptide is required
or stimulation of the cAMP-dependent signal trans-
uction pathway (2, 5). Furthermore, NH2-terminal
TH fragments have an influence on cell proliferation

n skeletal tissues (6) and on bone metabolism, thus
laying an important role in osteoporosis therapy (7,
). hPTH(1–34) is an intensely studied hPTH fragment
s it contains these functional regions, and most NMR
tudies focused on this fragment (9–14). According to
hese studies, hPTH(1–34) shows a short NH2-
erminal helix and a longer COOH-terminal helix. No
vidence for tertiary interactions was found in
rifluorethanol-containing solvent (10–13). The study
y Barden and Kemp (9) on hPTH(1–34) in the absence
f trifluoroethanol (TFE) contrasts partly the structure
f naturally occurring hPTH(1–37) determined in
queous buffer solution under near physiological con-
itions (15). In particular, the helix lengths and several
ong range interactions differ. The long range interac-
ions between Leu15 and Trp23 (15) are confirmed by
ellegrini et al. (14) but their structure calculations,
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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is14 to Ser17.
In this study, we investigate the structure of

PTH(1–34) in TFE-free aqueous buffer solution as
ell as in the presence of 20% TFE to study the influ-
nce of TFE on the secondary and tertiary structure of
PTH(1–34). As NH2-terminal truncations of hPTH(1–
7) led to a significant loss of secondary structure in
he NH2-terminal part of the peptide (16) it is of inter-
st to investigate the influence of COOH-terminal
runcation and elongation on secondary structure.
herefore, we determined the structure of hPTH(1–39)
nder near physiological conditions for comparison
ith that of hPTH(1–37) (15) and hPTH(1–34). Since

he first 39 amino acids are highly conserved in para-
hyroid hormones from different organisms, the
PTH(1–39) fragment was selected for this study. Fur-
hermore, we present the first structure of bovine PTH
bPTH), which is a favored model for the study of
iological activity and receptor binding ability of PTH
6, 17–21). bPTH(1–34) has a 2.4-fold higher adenylate
yclase activation potency compared to hPTH(1–34),
hereas the receptor binding affinity is equivalent

22). The structure of bPTH(1–37), which has three
mino acid exchanges at position 1, 7, and 16 compared
o hPTH(1–37), was determined under the same aque-
us buffer conditions as that one of hPTH(1–37) (15).

ATERIALS AND METHODS

Peptide synthesis. Peptides were synthesized using standard
moc chemistry with HBTU activation as reported earlier (15, 16).
ll peptides were purified by reversed-phase HPLC. Peptide identity
nd purity was checked by HPLC, electrospray mass spectrometry,
nd amino acid analysis.

CD spectroscopy. CD spectra were recorded at 20.1°C in 0.5 mm
ells from 250 to 190 nm at 20 nm/min on a Jasco J 600A CD
pectropolarometer. Peptide concentrations ranged from 77.3 to 93.1
M in 10 mM phosphate buffer, pH 6.2 with 50 mM sodium chloride

n 200 ml volume. Additionally, hPTH(1–34) was dissolved in 10 mM
hosphate buffer, pH 6.2, with 20% TFE. The reference sample
ontained buffer without peptide. Four scans were accumulated from
amples and reference, respectively.

NMR spectroscopy. NMR spectra were recorded on a Bruker
MX600 spectrometer at 25.0°C. The measurements of hPTH(1–34),
PTH(1–39), and bPTH(1–37) in aqueous buffer solution were car-
ied out in 50 mM phosphate buffer, with 270 mM sodium chloride.
eptide concentrations were: 4.0 mM, pH 6.0 for hPTH(1–34), 2.2
M, pH 5.8 for hPTH(1–39) and 1.7 mM, pH 6.1 for bPTH(1–37) in
2O/D2O (9:1, v/v, 500 ml). Additionally, hPTH(1–34) was dissolved

n H2O/TFE-d2 (4:1, v/v, 500 ml), 50 mM phosphate buffer (pH 6.0
efore addition of TFE) with a final peptide concentration of 2.4 mM.
he H2O resonance was presaturated by continuous coherent irra-
iation at the H2O resonance frequency prior to the reading pulse.
he spectra were recorded with a spectral width of 7042.3 Hz in both
imensions and 4 K 3 0.5 K data points in the time domain. Quadra-
ure detection was used in both dimensions with the time propor-
ional phase incrementation technique in v1. Spectra were multi-
lied with a squared sinebell function phase shifted by p/4, p/3 or p/2
or the NOESY (mixing time 200 ms), the Clean-TOCSY (mixing
ime 80 ms) and the DQF-COSY spectra, respectively, prior to
ourier transformation. Application of zero filling resulted in 4 K 3
214
K data points in the frequency domain. Sixth order baseline and
hase correction were used. Data were evaluated on X-window work-
tations with the NDee program package (Software Symbiose, Bay-
euth).

Restrained molecular dynamics calculations. Distance geometry
DG) and molecular dynamics (MD) calculations were performed
ith the X-PLOR 3.1 program package (23) on a HP735 computer.
he number of nontrivial interresidual NOESY cross peaks used for
tructure calculation was 206 for hPTH(1–34), 188 for hPTH(1–39)
nd 200 for bPTH(1–37) under aqueous conditions. In TFE-
ontaining solution, 219 interresidual NOEs for hPTH(1–34) were
ssigned (Table I). These cross peaks were divided into three groups
ccording to their relative intensities: strong, 0.2 to 0.3 nm, medium,
.2 to 0.4 nm, and weak, 0.2 to 0.5 nm. 0.05 nm was added to the
pper distance limit for distances involving unresolved methyl or
ethylene proton resonances. The structure calculations followed

tandard procedures employing a hybrid DG-restrained MD ap-
roach with simulated annealing refinement and subsequent energy
inimization [protocol dgsa (23)]. For the refinement, the dielectric

onstant e was set to 4. Structure parameters were extracted from
he standard parallhdg.pro and topallhdg.pro files (24). For each
ragment, 30 structures were calculated. 10 structures for every
ragment were selected on the criteria of smallest number of NOE
iolations more than 0.05 nm and lowest overall energy.

Structure analysis. The final structures were analyzed with re-
pect to stable idealized elements of regular secondary structure
sing the DSSP (definition of secondary structure of proteins) pro-
ram package (25). To elucidate the stability of the structures we
alculated the local root-mean-square deviation (rmsd) with a five
mino acid window (26). For visualization of structure data SYBYL
.0 (TRIPOS Association) and Raster3D (27) were used.
The ensembles of 10 structures of each fragment have been depos-

ted in the Brookhaven Protein Data Bank, accession numbers: frag-
ents under aqueous near physiological experimental conditions,
PTH(1–34), 1ZWA; hPTH(1–39), 1BWX; hPTH(1–37), 1HPH;
PTH(1–37), 1ZWC; and hPTH(1–34) in 20% TFE solution, 1HPY.

ESULTS AND DISCUSSION

The overall shapes of the circular dichroism (CD)
pectra indicate the presence of both a-helical and ran-
om coil structural elements (28, 29) for all PTH frag-
ents (Fig. 1). The evaluation of the spectra of

FIG. 1. Far UV CD spectra of hPTH(1–34) (—), hPTH(1–39)
- - -), bPTH(1–37) (z z z) in aqueous buffer solution, respectively, and
PTH(1–34) in 20% TFE solution (– z z –).
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uffer solution using standard methods (28, 30) yields
stimated helix contents of about 27% each. This cor-
esponds to 9 to 11 residues per peptide in a helical
onformation on time average. For hPTH(1–34) in 20%
FE solution 56% a-helix were estimated, correspond-

ng to 19 residues in helical conformation on time av-
rage.
Using homonuclear two-dimensional 1H NMR spec-

roscopy the sequence specific resonance assignment
ould be performed with standard techniques (31) for
ll fragments, except for the spin systems of Ala1 and
lu19 of bPTH(1–37). For a first estimation of the

ocalization of regions with defined secondary struc-
ure, the Ca-proton chemical shifts were analyzed ac-
ording to the chemical shift index strategy by Wishart
t al. (32, 33), allowing a qualitative comparison of the
elix content of the different peptides. From this pro-
edure two helical regions were suggested for hPTH(1–
4) and hPTH(1–39) in aqueous buffer solution: from
lu4 to at least His9, with an upfield shift of the
a-proton resonances up to His14, and from Ser17 to
t least Gln29 (Figs. 2a and 2b). The COOH-terminal
elix is more stable than the NH2-terminal one, indi-
ated by a more pronounced upfield shift of the Ca-
roton resonances. No other elements of regular sec-
ndary structure could be estimated by this method.
he Ca-proton chemical shifts from Ser1 to His32 (ex-
ept Leu28, 0.03 ppm difference) of hPTH(1–34) are
dentical within 0.02 ppm, which is in the margin of
xperimental error, with those of hPTH(1–37) under
he same experimental conditions (15). The Ca-proton
hemical shifts of hPTH(1–39) are identical within 0.02
pm with the Ca-proton chemical shifts of hPTH(1–37)
rom Ser1 to Val31. The additional upfield shift for
is32 and Phe34 to Ala36 is insufficient to indicate an

longation of the COOH-terminal helix. Thus, the
ackbone conformations of these three human peptides
re expected to be virtually identical under aqueous
olution conditions.
The addition of 20% TFE to hPTH(1–34) instead of

uffer and salt solution results also in the estimation of
wo helical regions (Fig. 2d): the NH2-terminal helix is
engthened from Glu4 to His14, confirming the helix
ropensity as deduced from the upfield shifts of the
a-proton resonances observed in TFE-free solution

Fig. 2a). The location and length of the COOH-
erminal helix is the same as under aqueous condi-
ions, but the stability of both helices is increased. The
a-proton chemical shifts of both termini and the re-
ion around Leu15 were not affected on addition of
FE, indicating that TFE only stabilizes a-helical
tructure in regions of potential helix propensity.
The Ca-proton chemical shifts of bPTH(1–37) in

queous solution also suggest the existence of two he-
ical regions, from Glu4 to His14 and from Ser17 to at
east Gln29 (Fig. 2c). Compared to hPTH(1–37), the
215
a-proton resonances from Gln6 to His14 and from
et18 to Gln29 of bPTH(1–37) are shifted upfield, in-

icating increased helix stability for these regions of
he bovine peptide.

Helix typical medium range daN(i, i 1 3) and dab(i, i 1
) NOESY cross peaks corroborate the existence of two
elical regions for hPTH(1–34), hPTH(1–39), and
PTH(1–37) in aqueous buffer solution (Figs. 3a–3c).
n particular, (i, i 1 3) NOEs are clustered from Ile5 to
ly12 and Ser17 to Val31 for hPTH(1–34), from Ile5 to
eu11 and Ser17 to Phe34 for hPTH(1–39), and from
er3 to Leu11 and from Ser17 to Phe34 for bPTH(1–
7). Possible (i, i 1 3) NOEs for amino acids beyond

FIG. 2. Difference values of the observed Ca-proton chemical
hifts relative to the “random coil” values according to Wishart et al.
33). The threshold of 60.1 ppm is indicated by dashed lines. (a)
PTH(1–34), (b) hPTH(1–39), (c) bPTH(1–37) in aqueous buffer so-

ution (d) hPTH(1–34) in 20% TFE solution; for Gly12 the average
alue of both Ca-proton resonances is used.
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he34 were lacking or could not be observed due to
requency degeneration (Figs. 3b and 3c). From the
hemical shift indexes, a stable helical structure is not
xpected for amino acids downstream Gln29 for
PTH(1–34), and downstream His32 for hPTH(1–39)
nd bPTH(1–37) (Figs. 2a–2c). The relative intensities
f the sequential and medium range NOEs of the three
TH-fragments investigated in TFE-free solution

Figs. 3a–3c) indicate that the helices are not ideal but
re in an equilibrium with a more extended conforma-
ion, possibly a 310-helix. The NH2-terminal helices
eem to have a higher tendency to a more extended
onformation. This phenomenon is also reflected by
alues of the upfield shift of the Ca-proton resonances
Figs. 2a–2c). The NOESY spectrum of hPTH(1–34) in
0% TFE shows helix typical (i, i 1 3) NOEs over the

FIG. 3. Patterns of sequential and medium range NOE cross pea
elative strength of the NOESY cross peaks. An asterisk indicates th
egenerations. (a) hPTH(1–34), (b) hPTH(1–39), (c) bPTH(1–37) in a
216
hole stretch of the peptide from Val2 to Asp30, albeit
nly weak ones around Leu15. Medium and strong
elix typical NOEs are clustered from Val2 to His14
nd from Ser17 to Asp30 (Fig. 3d). In this regions the
elative intensities of the medium range dab(i, i 1 3)
OEs are increased on addition of TFE whereas the

ntensities of the sequential daN(i, i 1 1) NOEs are
ecreased, indicating an increased stability of both he-
ices (Figs. 3a and 3d).

TFE not only influences the secondary, but also the
ertiary structure of hPTH(1–34). All three PTH frag-
ents in TFE-free solution show several long range
OEs between Leu15 and Trp23. This spatial proxim-

ty is most probably caused by hydrophobic interaction
etween these two residues. The Cd-proton resonances
f Leu15 are shifted upfield in comparison to the anal-

versus peptide sequences. The height of the bars corresponds to the
he NOE could not be unambiguously assigned because of frequency
eous buffer solution (d) hPTH(1–34) in 20% TFE solution.
ks
at t
qu
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gous resonances of other leucines for all three frag-
ents, possibly due to the ring current field of the

patially neighboring aromatic ring system of Trp23.
n TFE-containing solution, no upfield shift is found for
he Cd-proton resonance of Leu15. It appears that the
patial proximity to the aromatic system of Trp23 is
ost.

For structure calculations, 188 to 219 interresidual
OEs per fragment were collected from 200-ms
OESY spectra at 298 K (Table I) and used in re-

trained MD calculations with a combined distance
eometry/simulated annealing protocol (23). The struc-
ures of hPTH(1–34), hPTH(1–39), and bPTH(1–37) in
ear physiological aqueous buffer solution are very
imilar to that of hPTH(1–37) under identical condi-
ions (15), showing a short NH2-terminal helix around
ln6 to His9, a longer COOH-terminal helix, Met18 to

FIG. 3—
217
t least Gln29, connected by a flexible hinge around
ly12, and a defined loop region from His14 to Ser17.
he observed long range NOEs between Leu15 and
rp23 are responsible for a restriction of the conforma-
ional space of the calculated structures of all three
ragments in the absence of TFE. These structural
eatures of the hPTH peptides in TFE-free solution are
lso reflected by the local rmsd using a five amino acid
indow (26), as the regions with defined structure

how substantially reduced local rmsd values com-
ared to the flexible regions at the termini and around
eu11/Gly12 (Figs. 4a and 4b). Under identical near
hysiological conditions, the structures of hPTH(1–34)
nd hPTH(1–39) are virtually identical to the structure
f hPTH(1–37) (15). Neither COOH-terminal trunca-
ion [hPTH(1–34)] nor elongation [hPTH(1–39)] have a
rastic effect on the stability of the secondary structure

ntinued
Co
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f the peptides, in contrast to our findings for NH2-
erminal truncated forms of hPTH(1–37), hPTH(3–37)
nd hPTH(4–37), for which the NH2-terminal helix is
ost in parallel with the biological activity (16). The
tructural identical hPTH fragments hPTH(1–34) and
PTH(1–37), which show both helices and the loop
egion, have the same in vivo biological activity using
arsons’ chicken assay (16, 34).
For the 10 final structures of hPTH(1–34) in 20%

FE two helical regions were identified by DSSP anal-
sis (25): from Glu4 to Lys13/His14 and from Met18 to
ln29. For the residues between the helices turn or
end structure was assigned, and one structure shows
continuous helix from Ile5 to Gln29. Not only the

ength of the NH2-terminal helix, but also the stability
f both helices is increased. Comparing the local rmsd
alues over a five amino acid window of hPTH(1–34)
nder the different solution conditions (Figs. 4a and
d), the flexible hinge around Gly12 in the absence of
FE is shifted to Leu15/Asn16 on addition of TFE. The

Energy Contributions to the Structures and Deviations

Number of NOEs hPTH(1–34) hP

Total 206
ui 2 ju 5 1 111
ui 2 ju 5 2 16
ui 2 ju 5 3 56
ui 2 ju 5 4 17
ui 2 ju 5 5 3
ui 2 ju . 5 3

Average ene

E total 21365.69 2
E bonds 314.87
E angles 573.51
E impr 126.07
EVDW 22267.72 2
ENOE 535.30

Deviations from

Bonds (nm) 0.0011
Angles (deg) 0.9194
impr (deg) 0.7984
NOEs (nm) 0.0111

NOE violati

#4

rmsd among backb

Whole peptide 0.469
Met18–Leu28 0.062
His14–Leu28 0.092

Note. Number and type of the unambiguously assigned interresidu
er Waals energy; ENOE, effective NOE energy term resulting from a
he standard X-PLOR force field and energy terms. The values are m
218
exibility around Gly12 is lost as this residue is part of
he extended NH2-terminal helix. The restriction of the
tructure around Leu15, defined by Leu15/Trp23
OEs under physiological conditions is lost because of

he loss of the hydrophobic interactions between these
esidues on addition of TFE, indicated by the absence
f an upfield shift of the Cd-proton resonances of
eu15. Possible long range NOEs between Leu15 and
rp23 in TFE-containing solution would be ambiguous
ecause of frequency degeneration of the Cd-protons of
eu15 with those of other leucines. Structure calcula-
ions, however, show that the unambiguous additional
i, i 1 3) NOEs in the midregion of the peptide in
FE-containing solution and hypothetical long range
OEs between Leu15 and Trp23 could not be fulfilled
t the same time without an increase of the overall
nergy. Thus, this long range interaction is highly un-
ikely to exist in the presence of TFE. Comparison of
he structures of hPTH(1–34) with and without addi-
ion of TFE shows that TFE exclusively stabilizes

om Standard Geometry, NOE, and X-PLOR Statistics

(1–39) bPTH(1–37)
hPTH(1–34)
(20% TFE)

188 200 219
115 117 125
12 13 19
45 43 62
12 13 13
1 6 0
3 8 0

es (kJ/mol)

64.39 2976.88 21642.91
60.23 320.45 254.99
86.86 659.96 567.88
62.06 137.98 87.16
27.14 22114.64 22347.32
65.60 549.92 519.388

ndard geometry

.0010 0.0011 0.0010

.7175 0.9522 0.8968

.5358 0.8051 0.6668

.0064 0.0114 0.0106

. 0.05 nm

#1 #4 #4

e structures (nm)

0.442 0.463 0.366
0.051 0.072 0.035
0.088 0.109 0.131

NOEs used for structure calculations. E total, total energy; EVDW, van
are-well potential function. All calculations were carried out using
n values over 10 refined structures for each peptide.
fr
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rgi
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-helical structure in regions which have an initial
ropensity of helix formation. In TFE-containing solu-
ion, however, the tertiary hydrophobic interactions
etween Leu15 and Trp23 are lost, so that it can be
oncluded that TFE destroys hydrophobic interactions
ithin the peptide and, therefore, its native structure.
So far, most structure investigations of PTH frag-
ents using NMR spectroscopy were carried out on
PTH(1–34) in TFE-containing solution (10–13). The
ost striking differences of these structures to the

tructure of hPTH(1–34) in TFE-free solution, that is a
onger and more stable NH2-terminal helix and the

issing of long range interactions, could be confirmed
n the present work. hPTH(1–34) in aqueous solution

FIG. 4. Local rmsd values calculated with a five amino acid
indow (26). The plot was calculated on the basis of the 10 final

tructures of each PTH fragment. The upper trace describes the
msd values for all heavy atoms, the lower trace describes the values
or the peptide backbone. (a) hPTH(1–34), (b) hPTH(1–39), (c)
PTH(1–37) in aqueous buffer solution (d) hPTH(1–34) in 20% TFE-
olution.
219
etween Leu15 and Trp23. Additional long range
OEs in the COOH-terminal part of the peptide and a

onger and more stable NH2-terminal a-helix, as pro-
osed by Barden and Kemp (9), could not be confirmed
n our present and earlier work (15, 16) in near phys-
ological aqueous buffer solution.

All investigated fragments under aqueous buffer
onditions show the loop region and the COOH-
erminal helix, which comprise the major part of the
eceptor binding region (3, 4), as well as the NH2-
erminal helix. The in vivo biological activity of hPTH
eems to be connected with the existence of the NH2-
erminal helix (16). For the in vitro ability to stimulate
denylate cyclase the first amino acid seems to play a
rucial role as hPTH(2–37) is nearly inactive in the
denylate cyclase assay (16). As bPTH(1–37) has a
ubstitution of alanine for serine at position 1 and
henylalanine for leucine at position 7 in the NH2-
erminal part, as well as serine for asparagine at posi-
ion 16 compared to hPTH, a closer examination of the
PTH(1–37) structure (Fig. 4c, Fig. 5) may provide an
xplanation for its higher adenylate cyclase potency
22).

For bPTH(1–37) under near physiological conditions,
n additional long range NOE was found between Val2
nd Asn10, and (i, i 1 5)-NOEs were found between
al2 and Phe7 (Fig. 5), indicating a more structured
H2-terminus for bPTH than for hPTH. This is re-
ected by a lower local rmsd value for the amino acids
al2 to Ile5 (Fig. 4c). The local rmsd value for the
egion from His14 to Leu28 of bPTH(1–37) is increased
ompared to the hPTH fragments under the same con-
itions (Table I, Fig. 4c), as these latter are better
efined by NOEs. For all hPTH fragments, NOEs ob-
erved between side chain protons of Asn16 and Glu19

FIG. 5. Representative structure of bPTH(1–37). The helices are
ndicated as ribbons and the side chains of key residues are labeled.
he figure was prepared with Raster3D (27).



may define a hydrogen bond between these side chains.
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or bPTH(1–37) Ser16 may also function as a hydrogen
ond donor, but possible NOEs between Ser16 and
lu19 could not be observed, as the spin system of
lu19 of bPTH(1–37) could not be assigned. Thus, the

onformational space in this region is not as good re-
tricted as for the human PTH fragments (Table I).
rregularities in the loop region and the beginning of
he COOH-terminal helix (Table I, Fig. 4c), which are
art of the receptor binding region, can rather be
scribed to missing NOEs for the unassigned spin sys-
em of Glu19 of bPTH(1–37) than to inherent flexibil-
ty. The structure of bPTH(1–37) seems to be similar to
hat of hPTH(1–37) (15), with a more stable NH2-
erminal region (Fig. 5). The higher stability of the
H2-terminal part of bPTH together with the amino
cid exchange at position 1 may provide an explanation
or the higher adenylate cyclase activity compared to
PTH, whereas the receptor binding affinity is equiv-
lent (22).
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