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Abstract: The influence of glycosylation on the structure-activity relationship of the tachykinin antagonist MEN
10376 and of its minimal active fragment MEN 10414 was investigated. The antagonist activity was preserved
only when B-D-glucosylated Tyr, Ser and Asn were added to the N-terminal position of MEN 10376, while the
modification of the side chain of the Tyr” induced a dramatic decrease in affinity.

Introduction
The carbohydrate moiety in glycoproteins plays a crucial role in protein biological functions. Glycosylation

also affects conformation and stability of proteins.' Important effects of glycosylation have been proved also for
peptides. Attractive features of glycopeptides as compared to their non-glycosylated parent analogues include
increased serum half-life, broader spectrum of activity and a wider set of conformational variants, increased
solubility and oral availability. For example, the introduction of sugar moieties on small hydrophobic peptides
can produce the formation of compact, turn-folded conformations in aqueous solvents? and the glycosylation of
some oligopeptide renin inhibitors increases their in vivo activity’ and modifies the peptide clearance from rapid
liver biliary clearance to slower urinary clearance.* A glycopeptide analogue of substance P (SP) has also been
recently reported.” Among tachykinins, neurokinin A (NKA) has a great interest because activation of its
receptor, termed NK, might be involved in disorders such as asthma, urinary incontinence and gut
hypermotility.®

NK, antagonists are potentially useful to prevent bronchial hyper-reactivity and other pathological effects
mediated by NKA: A series of selective NK, antagonists containing three D-Trp residues were previously
reported.” We thought to apply the glycosylation approach to the NK; antagonists, MEN 10376 (H-Asp-Tyr-D-
Trp-Val-D-Trp-D-Trp-Lys-NH;) and MEN 10414 (H-Asp-Tyr-D-Trp-Val-D-Trp-NHy),® in order to investigate
the effect of the carbohydrate moiety on their conformation and biological activity. This might also allow us to
overcome the problem of the low solubility in aqueous media and, possibly, that of the short half-life of these
very hydrophobic NK; peptide antagonists when administerd to living animals.*

We synthesised the N-, phenolic O- and aliphatic O-linked glycopeptides whose sequences are reported in
Table 1.
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Table 1. Structures of glycosyl derivatives of MEN 10376 and MEN 10414 NK;
tachykinin receptor antagonists

Compound Structure

MEN 11038 H- Asn(Glc)-Asp-Tyr-D-Trp-Val-D-Trp-D-Trp-Lys-NH,
MEN 10871 H-Asp-Tyr(Glc)-D-Trp-Val-D-Trp-NH,

MEN 11201 H-Asp-Tyr(Glc)-D-Trp-Val-D-Trp-D-Trp-Lys-NH,
MEN 11202 H-Tyr(Glc)-Asp-Tyr-D-Trp-Val-D-Trp-D-Trp-Lys-NH,
MEN 11258 H-Ser(Glc)- Asp-Tyr-D-Trp-Val-D-Trp-D-Trp-Lys-NH,
MEN 11259 H-Ser(Glc)- Asp-Tyr-D-Trp-Val-D-Trp-NH,

Gle: B-D-glucopyranosyl residue.
The glycopeptide derivatives were tested on the isolated rabbit pulmonary artery (RPA) and hamster

trachea (HT). These two preparations have been reported to contain two heterogeneous forms of the NK;
receptor, on the basis of the affinity shown by certain NK, receptor-selective antagonists™ such as our reference
compound, MEN 10376 which shows high affinity for the rabbit NK, receptor.'’ On this basis, a further goal of
the present study was to ascertain whether the introduction of the glucose moiety into MEN 10376 and MEN
10414 backbone could affect the selectivity of the novel compounds for these forms of the NK receptor.

Results and Discussion
The syntheses of the new glycopeptides (Table 2) were performed by the solid phase methodology, using

the known glycosylated building-blocks N°-Fmoc-N'-(2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl)-Asn-OPfp,
N*-Fmoc-(2,3,4,6-tetra-O-acetyl-B-D-ghicopyranosy) Tyr-OPfp,'*  N*-Fmoc-O-(2,3,4,6-tetra-O-benzoyl-B-D-
glucopyranosyl)-Ser-OPfp.'* This is in fact the most versatile and general approach presently available for the
preparation of a large variety of glycopeptides with well defined and predetermined structures. The Boc strategy
is not compatible with glycopeptide synthesis because the interglycosidic bonds and the covalent linkage of sugar
to the peptide are not stable in anhydrous HF or other strong acids used for the cleavage from the resin. The
milder conditions used in the Fmoc strategy are much more compatible with the nature of the expected
compound. For that reason sequential solid phase synthesis based on Fmoc strategy in combination with the use
of suitable activated and glycosylated building-blocks has been the best method for the preparation of our model
glycopeptides. Moreover, the use of pentafluorophenyl esters of Fmoc protected glycosylated amino acids,
which are stable under the conditions used both for RP-HPLC and silica-gel chromatography, should allow a
general application to the solid phase synthesis of all types of glycopeptides according to their chemical linkage.
UV-monitoring of the Fmoc-cleavage was found to be important in order to avoid deletion sequences and

13,16,17

impure final products.
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Table 2. Chemical data of the glycosyl derivatives of NK; tachykinin receptor antagonists'

Compound Gradients and flow rates for semipreparative H]’LC! Yield :; ﬁ:(-lh[lla:-n];? f(. ab
on Vydac column (ODS 218TP1010; 250 *x 10 mm) (%) (caled.) (min)
MEN 11038 20-60% B in 40 min (5 mL min") 7.5 1358 (1357.61) 8.64°
MEN 10871 25-60% B in 40 min (2.5 mL min’") 8.7 929 (929.40) 11.5°
MEN 11201 20-60% B in 40 min (5 mL min™) 9.4 1243.6 (1243.57) 7.59°
MEN 11202 30-70% B in 25 min (5 mL min™) 53 1406.7 (1406.63) 7,56f
MEN 11258 | Isocratic 30% B for 20 min, 30-60% B in 45.5 min (5 mL min™) 7.5 1331 (1330.60) 11.548
MEN 11259 25-60% B in 55 min (5 mL min™) 123 1016.5 (1016.43) 10.44"

* Eluants: A (0.1% TFA in H,0) and B (0.1% TFA in CH;CN); ® Analytical HPLC on Vydac ODS 218TP54
(250 x 4 mm); © 30-60% B in 25 min (1 mL min");  25-60% B in 20 min (1 mL min™); ¢ 30-70% B in 25 min (1
mL min™); * 30-70% B in 20 min (1 mL min™"); £ 25-60% B in 20 min (1 mL min"); ® 25-60% B in 20 min (1 mL
min").

Reference compounds MEN 10376 and MEN 10414 showed competitive antagonism in both the RPA and
HT preparations, and were more potent in the RPA (pA, = 8.1 and 6.3, respectively) than in the HT (pA; = 5.6
and 5.4, respectively). MEN 10376, in particular, exhibited a selectivity higher than 100 times for the NKj
receptor of the RPA, as previously reported.'” The glycosylated hepta- and octa-peptides MEN 11038, MEN
11201, MEN 11202 and MEN 11258 maintained the same pattern of selectivity being more potent antagonists in
the RPA than in the HT (Table 3).'®* MEN 11201, with a ghucosy! residue on the side chain of Tyr’, was much
weaker at NK; receptors of the RPA (pA, = 6.2) compared to the parent compound MEN 10376 (Table 3).

The lack in activity of MEN 10871 (pA; < 5) in the same preparation also confirms that the hydroxyl
function of Tyr” is necessary for high affinity interaction.'”** In order to preserve the original side chains, the
glycosylated amino acids were added to the N-terminal position of the antagonist sequence. As a result, MEN
11038, MEN 11202 and MEN 11258, with Asn(Glc), Tyr(Glc) and Ser(Glc) respectively in the N-terminal
position, maintained a good antagonist activity in the RPA. On the contrary MEN 11259 showed a low potency
in both preparations (Table 3).

Table 3. Antagonist activity at tachykinin NK; receptor of the glycosyl derivatives in RPA and BT

MEN 10376" | MEN 10414" | MEN 11038 | MEN 10871 | MEN 11201 | MEN 11202 | MEN 11258 | MEN 11259

RPA| 81+01 6301 6.7+0.1 <5 6.2+0.1 72+£01 73+£02 <6

HT 5601 5402 IN IN IN <5 <5 <6

Biological values in the table are mean pKg (negative logarithm of antagonist dissociation constant) + S.E.M. of
at least 9 determinations. Concentrations of test compounds higher than 10 uM were not tested because of the
limited amounts synthesised. * Data are from Maggi et al. (ref. 10). ® Data are from Quartara et al. (ref. 8). IN =
inactive up to 10 uM.



370

D. PINZANI et al.

These results indicate that the antagonist activity is preserved only when the glycosylated amino acids are

added to the N-terminal position in the sequence and that the modification of the side-chain of Tyr’ induces a

dramatic decrease in the affinity for the NK; receptors. In the latter case, the decrease of activity might be

attributed to the steric hindrance of the glycosyl moiety on the Tyr residue.
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