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Five stereochemically constrained analogs of the chemotactic tripeptide incorporating
l-aminocycloalkane-1-carboxylic acid (Ac,c) and «,a-dialkylglycines (Deg, diethylglycine; Dpg, nn-
dipropylglycine and Dbg, n,n-dibutylglycine) at position 2 have been synthesized. NMR studies of peptides
For-Met-Xxx-Phe-OMe ( Xxx=Ac+c, I; Acgc, II; Deg, III; Dpg, 1V and Dbg, V; For, formyl) establish
that peptides with cycloalkyl residues, I and II, adopt folded f-turn conformations in CDCl; and
(CD;),S0. In contrast, analogs with linear alkyl sidechains, III-V, favour fully extended (Cs) conforma-
tions in solution. Peptides I-V exhibit high activity in inducing f-glucosaminidase release from rabbit
neutrophils, with EDs, values ranging from 1.4-8.0 x 107 '"'"M. In human neutrophils the Dxg peptides
III-V have EDy, values ranging from 2.3 x 1078 to 5.9 x 107 '° M, with the activity order being V> 1V > IIL.
While peptides I-1V are less active than the parent, For-Met-Leu-Phe-OH, in stimulating histamine
release from human basophils, the Dbg peptide V is appreciably more potent, suggesting its potential

utility as a probe for formyl peptide receptors. © Munksgaard 1996.
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The ability of synthetic N-formyl tripeptides to induce
neutrophil chemotaxis and activation (1-3) has
stimulated a great deal of interest in the relationship
between molecular conformation and biological activ-
ity in these sequences (3-6). Modifications of the
parent sequence, For-Met-Leu-Phe-OH (FMLP),
have provided clear evidence for the requirement of
hydrophobic residues at all three positions (4-6).
The Leu residue at position 2 has been replaced by
several a,ax-dialkylated residues with retention of bio-
logical activity (7, 8). There have been several
attempts to delineate the ‘biologically active backbone
conformation’ of the tripeptide chemotactic factors
using conformationally constrained analogs as
probes. o,a-Dialkylglycines have proved particularly
useful as replacements for Leu (2), restricting signi-
ficantly the available range of backbone conforma-
tions at the central position (9, 10). Using the
prototype a,a-dialkyl residue, o-aminoisobutyric
acid (Aib), which has a marked preference for
helical conformations (11-13), and the related
l-aminocycloalkane-1-carboxylic acids (Ac,c, n=3,
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5, 6) (7, 14-16), it was concluded that the observa-
tions of high biological activity correlated with the
stabilization of folded conformations. f-Turn con-
formations at the Met-Xxx segment have been experi-
mentally established in some active analogs in
solution (17, 18) and for related sequences in crystals
(19). An investigation of the analog For-Met-Dpg-
Phe-OMe (Dpg, a,a-di-n-propylglycine) revealed high
activity in inducing granule enzyme release in human
neutrophils, while conformational analysis in solution
and in crystals established a fully extended conforma-
tion at position 2 (20). This study also suggested that
differences exist in the relative biological potencies
determined with rabbit and human neutrophils (20).

In order to clarify the effects of Leu replace-
ment by aa-dialkylamino acids on conformation
and biological activity, we have examined peptides

of the type For-Met-Xxx-Phe-OMe [Xxx=
l-aminocycloheptane-1-carboxylic acid (Ac;,c), I
l-aminocyclooctane-1-carboxylic acid (Acge). 1l

diethylglycine (Deg), I, ox-di-n-propylglycine
(Dpg), IV; and a,a-di-n-butylglycine (Dbg), V:



Fig. 1]. In this report we compare solution conforma-
tions of the position 2 analogs, with linear and
cycloalkyl sidechains, and their ability to induce
granule enzyme release in human and rabbit neutro-
phils and histamine release in human basophils.

EXPERIMENTAL PROCEDURES

Synthesis of peptides

All the chemotactic tripeptides For-Met-Xxx-Phe-
OMe (where Xxx = Ac,c, Acge, Deg, Dpg, Dbg) were
synthesised by conventional solution-phase proced-
ures. rert-Butyloxycarbonyl (Boc) and methyl ester
(OMe) groups were used for amino and carboxyl
protection, and dicyclohexylcarbodimide (DCC) or
DCC-1-hydroxybenzotriazole (HOBT) as coupling
agents. Methyl ester hydrochlorides of Phe, Ac.c,
Acgc were prepared by the thionyl chloride-methanol
procedure (21, 22). The esterification of Dxg amino
acids was effected by passing dry HCl gas (until
saturation) into solutions of amino acids in dry
methanol, followed by storage at 10 °C for 10d and
then refluxing for 6 h (21, 22). All the intermediates
obtained were checked for purity by TLC on silica
gel and characterised by "H NMR (80 MHz). All the
final peptides were purified by HPLC on a Lichrosorb
RP C-18 (10um) column using MeOH-H,O
gradients.

For-Met-Ac,c-Phe-OMe (1)

Boc-Met-Ac,c-OMe (1). 1.0 g (4mmol) of Boc-
Met-OH was dissolved in CH,Cl, (10 mL) and cooled
in an ice bath. H-Ac,c-OMe, extracted from 1.45¢
(7 mmol) of its hydrochloride after neutralizing with
saturated sodium carbonate solution, was added fol-
lowed by DCC (0.8 g, 4 mmol ). The reaction mixture
was stirred at room temperature for 48 h. The precip-
itated dicyclohexylurea (DCU) was filtered, and the
filtrate was diluted with ethyl acetate (100 mL) and
washed with 1 m NaHCO; (3x30 mL), I N~ HCI
(3 x30 mL) and an excess of water. The organic layer
was dried over anhydrous Na,SO, and evaporated in
vacuo. The peptide 1 was obtained as a gum. Yield
1.2g (75%) 'H NMR (CDCl;, 8) 1.45, 9H, s,

HiC CH3
H2C—(CHaz)y (HzC), (CHz),
Hz COOH Hs OOH
n =5, Aczc a1 Doy
n = 6, Acsc n=2 Dpg
n =3, Dbg
FIGURE 1

Structures of the «,a-dialkylated amino acid residues used at
position 2 of the chemotactic tripeptide sequence.

Chemotactic peptide analogs

(BocCHss); 1.6, 1.65, 1.9, 2.0, 14H (Ac,c ring-CH,-
protons, Met C’H,); 2.1, 3H, s (Met-SCH;); 2.5,
2H, m (Met C"H,); 3.65, 3H, s(-COOCH,;); 4.2, 1H,
m (Met C*H); 5.10, 1H, d (Met NH); 6.58, 1H, s
(Ac,c NH).

Boc-Met-Ac,c-OH (2). 1.0 g (2.48 mmol) of 1 was
dissolved in MeOH (5 mL) and 2N NaOH (5 mL)
was added. The reaction mixture was stirred at room
temperature for 40 h. After evaporation of methanol,
the residue was diluted with water and washed with
ether. The aqueous layer was cooled, neutralized by
2 N HCl and extracted with ethyl acetate. The solvent
was dried over anhydrous Na,SO, and evaporated in
vacuo to give peptide 2 as a gum. Yield 0.75 g (78%).

Boc-Met-Acqe-Phe-OMe (3)(7). 0.7 g (1.8 mmol) of
2 was dissolved in DMF (5 mL) and cooled in an ice
bath. H-Phe-OMe obtained from 0.65 (3 mmol) of
its hydrochloride was added, followed by DCC
(0.36 g, 1.8 mmol) and HOBT (0.24 g, 1.8 mmol).
The reaction mixture was stirred for 48 h. The residue
was diluted with ethyl acetate and DCU was filtered.
The organic layer was washed with excess water, 1 N
HCI (3 x30 mL), 1 M Na,CO; (3 x 30 mL) and again
with water. The solvent was dried over anhydrous
Na,SO, and then evaporated in vacuo to give com-
pound 3. Yield 0.65 g (66%). '"H NMR (CDCl;, 8)
1.25, 1.4, 1.6, 2.05, 2.1, 14H (Ac,c ring CH,-protons,
Met CPH,); 1.45, 9H, s (Boc-CH,s); 2.15, 3H, s
(Met-S-CH;) 2.55, 2H, m(Met C'H,); 3.10, 2H m
(Phe CPH,); 3.65, 3H, s(-COOCH;); 4.15, IH, m
(Met C*H); 4.8, 1H, m (PheC*H); 5.15, 1H, d(Met
NH); 6.55, IH, s (Ac,c NH); 7.25, 6H (Phe ring
protons, Phe NH).

For-Met-Acsc-Phe-OMe (1)(7). 0.6 g (1.09 mmol ) of
3 was dissolved in 98% formic acid (4 mL) stoppered
tightly and kept at room temperature. Progress of
the reaction was followed by TLC. After completion
of the reaction, formic acid was evaporated and the
residue was washed with ether. The residue, i.e.
formate salt, was dissolved in DMF (5 mL), 0.4 g of
DCC was added, and the mixture was stirred for ca.
40 h. The conversion of formyl peptide was monitored
by TLC. After completion of the reaction acetic acid
was added to convert the excess of DCC into DCU.
The precipitated DCU was filtered. The filtrate was
diluted with ethyl acetate, washed with 1 M NaHCO,
(3 x 30 mL) and water. The organic layer was dried
over anhydrous Na,SO, and solvent evaporated in
vacuo. Yield 0.4 g (77%); m.p 98 °C. It was further
purified by HPLC using MeOH/H,0O gradient elution
(60-85% in 25 min; RT=12min) on a Lichrosorb
RP-C8 column.

'H NMR (CDCl;, §) 1.5, 1.65, 1.9, 1.98, 14H
(Ac,c ring CH, protons, Met C’H,); 2.08, 3H, s
(Met-S-CH,); 2.5, 2H, m (Met C'H,) 3.07, 2H, m
(Phe C*H,); 3.65, 3H, s(-COOCH,); 4.5, 4.75, 2H,
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m (Met C*H, Phe C*H); 6.2, 1H, d (Met NH); 6.5,
1H, s (Ac,c NH); 6.68, 1H, d (Phe NH); 7.01, 7.15,
7.2, SH m (Phe ring protons); 8.0, 1H, s (formyl
proton).

For-Met-Acge-Phe-OMe (11)

Boc-Met-Acge-OMe (4). 1.25g (5mmol) of Boc-
Met-OH was coupled to H-Acge-OMe, isolated from
1.8 g (8 mmol) of its hydrochloride in CH,Cl, (10
mL) using DCC as described in the case of 1. Yield
1.1 g, white solid (52%), m.p 125-127 °C. 'H NMR
(CDCls, 8): 1.43, 9H, s (Boc CHj s); 1.4, 1.5, 1.8,
1.96, 16H ( Acgc ring-CH,-protons, Met CH,); 2.06,
3H, s (Met-S-CH;); 2.47, 2H m (Met C'H,); 3.61,
3H, s (-COOCHj;); 4.13, 1H, m (MetC*H); 5.15, 1H.
d (Met NH); 6.47, 1H, s (AcgcNH).

Boc-Met-Acge-OH (5). 0.8 g of 4 was saponified using
MeOH (15 mL) and 4 N~ NaOH (5 mL) as described
in the case of 2. The peptide was obtained as a gum.
Yield 0.4 g (50%).

Boc-Met-Acge-Phe-OMe (6). 0.44 g (1.09 mmol) of 5
was coupled to H-Phe-OMe isolated from 0.45g
(2 mmol) of its hydrochloride in DMF (5 mL), using
DCC (0.2 g, 1.0 mmol) and HOBT (0.14 g, 1 mmol)
as described in the case of 3. Yield 0.4 g, white solid
(71%) m.p 128-130 °C. 'H NMR (CDCl,, §): 1.23,
1.4, 1.53, 2.06, 2.1,16H (Acge ring-CH,-protons, Met
CPH,): 1.46, 9H, s (Boc-CH,3s); 2.12, 3H, s (Met-S-
CH,); 2.53, 2H, m(Met C'H,); 3.1, 2H, m (Phe
C’H,); 3.66, 3H, s (-COOCH,); 4.13, 1H, m (Met
C*H); 4.83, 1H, m (Phe C*H); 5.16, 1H, d (Met
NH); 6.46, 1H, s (AcgeNH); 7.2, 6H (Phe ring
protons, Phe NH).

For-Met-Acgc-Phe-OMe (11). 0:4 g of 6 was dissolved
in 98% formic acid (4 mL) and after deprotection it
was further treated with DCC (0.3 g) in DMF (3
mL), as in the case of 1. Yield 0.3g (85%); m.p
127 °C. The peptide was purified by HPLC using
MeOH/H,0 gradient elution on a Lichrosorb RP-C8
column (70-95% MeOH in 25 min, RT=11.5 min).
'H NMR (CDCl,,8): 1.25, 1.52, 1.75, 1.85, 1.96, 2.02,
16H (Acgc ring CH, protons, Met C*H,); 2.11, 3H,
s (Met-S-CH,;); 2.56, 2H, m (Met C'H,); 3.10, 2H,
m (Phe C’H,); 3.69, 3H, s (-COOCH,); 4.58, IH m
(Met C*H); 4.83; 1H, m (Phe C*H); 6.35,1H, d (Met
NH); 6.52, 1H, s (Acgc NH); 6.81, 1H, d (Phe NH)
7.12, 7.25, 5H (Phe ring protons); 8.07, 1H (formyl
proton).

For-Met-Deg-Phe-OMe (11I)

Boc-Met-Deg-OMe (7). 1.0g (4mmol) of Boc-
Met-OH was dissolved in DMF (5 mL) and cooled
in ice. 0.56 g (4 mmol ) of H-Deg-OMe obtained from
its hydrochloride was added followed by DCC (0.8 g,
4 mmol) and HOBT (0.54 g, 4 mmol). The reaction
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mixture was stirred for 3d. The work up of the
reaction was done as in the case of 1. Yield 0.72 g
(47%) (gum). '"H NMR (CDCl,, &) 0.77, 1.27, 6H, t
(Deg C"H,;); 1.45, 9H, s (Boc-CH;s); 1.81, 2.05, 2.36,
2.59, 8H (Deg C’H,, Met CPH,, MetC'H,); 2.11
3H, s (Met-S-CH,); 3.81, 3H, s (-COOCH,); 5.36,
IH, d (Met NH); 7.0, 1H, s (Deg NH).

Boc-Met-Deg-OH (8). 0.7 g (1.86 mmol) of 7 was
saponified using 4 N NaOH (4 mL) and methanol
(10 mL) as in the case of 2. Yield 0.6 g (83%) (gum).

Boe-Met-Deg-Phe-OMe (9). 0.5 g (1.38 mmol) of 8
was dissolved in DMF (3 mL) H-Phe-OMe obtained
from its hydrochloride (0.61 g, 3 mmol) was added
followed by 0.28 g (1.4 mmol) DCC and HOBT
(0.2 g). The reaction mixture was stirred at room
temperature for 5d and worked up as in the case of
3. Yield 0.6 g (83%) (gum). "HNMR (CDCl,, 8) 0.55,
0.77, 6H, m (Deg C'H;s); 1.45, 9H, s (Boc CH;s);
1.27, 1.68, 1.95, 6H, m (Deg C’H,, Met C’H,); 2.09,
3H, s (Met-S-CH,); 2.55, 2H, m (Met C"Hy); 3.17,
2H, m (Phe CPH,); 3.77, 3H, s (-COOCH;); 4.18,
1H, m (Met C*H); 4.86, 1H, m (Phe C*H); 5.37, IH.
d (Phe NH); 6.63, 1H, d (Met NH); 7.22, 6H. m
(Phe ring protons, Deg NH).

For-Met-Deg-Phe-OMe (111). 0.53 g (1 mmol) of 9
was converted into its formyl derivative using 98%
formic acid (2 mL) and 0.3 g of DCC as in the case
of 1. Yield 0.35 g (77%). The peptide was purified by
HPLC on a reversed phase Lichrosorb CI8 column
using MeOH-H,0 as eluent (60-80% in 20 min;
RT=6.8 min) 'H NMR (CDClj, §): 0.57, 0.72, 6H,
t (Deg C'H,s):1.48, 1.54, 1.62, 1.96, 6H, m (Deg
C’H,, Met C*H,); 2.10, 3H, s (Met-S-CHj,); 2.55,
2H, m (Met C'H,); 3.14, 2H, m (Phe C*H,); 3.75,
3H, s (-(COOCH,); 4.67, 4.91, 2H, m (Met C*H, Phe
C*H); 6.15, IH, d (Phe NH); 6.36, IH, d (Met NH);
7.13, 7.27, 7.30, 6H (Phe ring protons, Deg NH):
8.19, 1H, s (formyl proton).

For-Met-Dpg-Phe-OMe (1V)

Boc-Met-Dpg-OMe (10). 1.0g (4 mmol) of Boc-
Met-OH was coupled to 0.6 g (3.46 mmol) of H-Dpg-
OMe obtained from its hydrochloride in DMF (5
mL) using DCC (0.8g) and HOBT (0.5g) as
described in case of 1. The product was obtained as
a gum. Yield 0.6 g (37%). '"H NMR (CDCl;, 8) 0.74,
0.93, 1.0, 1.1, 14H (Dpg C’H,, C'H,, C?H;) 1.3, 9H,
s (Boc CH;s); 1.63, 1.84, 2H m (Met CH,); 1.99.
3H, s (Met-S-CH,) 2.73, 2H, m (Met C'H,); 3.57,
3H, s (-COOCH;) 4.06, IH, m (Met C*H); 5.6, 1H.
d (Met NH); 7.08, 1H, s (Dpg NH).

Boc-Met-Dpg-OH (11). 0.6 g of 10 was saponified
using 4 N NaOH (5 mL) and methanol (5 mL) as
described in the case of 2. Yield 0.5g (86%) (gum).



Boc-Met-Dpg-Phe-OMe (12). 0.5g (1.28 mmol) of
11 was dissolved in DMF (5 mL) and coupled to
H-Phe-OMe isolated from 0.6l g (3 mmol) and
HOBT (0.2 g) as described in case of 3. Yield 0.6 g
(85%) (gum). '"H NMR (CDCl,, 6): 0.75, 0.94, 1.0,
1.1, 14H (Dpg side chain protons); 1.41, 9H, s (Boc-
CH;s); 1.65, 1.85, 2H, m (MetC*H,); 2.15, 3H, s
(Met-S-CH;); 2.52, 2H, m (MetC'H,) 3.12, 2H, m
(Phe C*H,); 3.70, 3H, s (-COOCH,); 4.16, 4.81, 2H,
m (Met C*H, Phe C*H); 5.06, 1H, d (Met NH); 6.6,
1H, d (Phe NH); 7.21, 7.23,6H (Phe ring protons,
DpgNH).

For-Met-Dpg-Phe-OMe (IV). 0.6 g (1.08 mmol) of
12 was formylated to IV using 98% formic acid (3
mL) and 0.3 g of DCC. The peptide 1V was obtained
as a solid. Yield 0.45 g (86%), m.p 138-140 °C. The
peptide was further purified by HPLC on a reversed
phase Lichrosorb C-18 column using MeOH/H,O
gradient elution. (60-80% in 20 min RT=9.5 min).
'H NMR (CDCl;, 6): 0.8, 0.9, 1.12, 1.95, 2.1, 2.25,
248, 14 H (Dpg side chain protons, Met C* H,);
2.16, 3H, s (Met-S-CH,); 2.53, 2H, m (Met C'H,);
3.1, 2H, m (Phe C’H,); 3.75, 3H, s(-COOCH,); 4.66,
1H, m(Met C*H); 4.96, 1H, m (Phe C*H); 6.13, 1H,
d (Phe NH); 6.43, IH, d (Met NH); 7.12, 7.26, 7.3,
5H (Phe ring protons); 7.2, 1H, s (Dpg NH); 8.22, s
(formyl proton).

For-Met-Dbg-Phe-OMe (V)

Boc-Met-Dbg-OMe (13). 0.75 g (3 mmol) of Boc-
Met-OH was coupled to 0.61 g (3 mmol) of H-Dbg-
OMe, obtained from its hydrochloride, using DCC
(0.6 g, 3mmol) and HOBT (0.4 g) as described in
the case of 1. Yield 0.65 g (50%)(gum). 'H NMR
(CDCl,, &) 0.8, 1.15, 1.45, 18H (Dbg side chain

protons); 1.35, 9H, s (Boc CH,s); 1.64, 1.85, 2H, m

(Met C*H,); 1.96, 3H, s (Met-S-CH,); 2.4, 2H, m
(Met C*H,): 3.6, 3H, s (-COOCH,); 4.08, 1H, m (Met
C*™H); 5.06, 1H, d (Met NH); 7.09, 1H, s (Dbg NH).

Boc-Met-Dbg-OH (14). 0.65 g of 13 was saponified
using 4 N NaOH (6 mL) and methanol (8 mL) as
described in the case of 2. Yield 0.52 g (82%) (gum).

Boc-Met-Dbg-Phe-OMe (15). 0.52 g (1.24 mmol) of
14 was dissolved in DMF (5 mL) and coupled to
H-Phe-OMe, obtained from 0.61 g (3 mmol) of its
hydrochloride, using DCC (0.3 g, 1.5mmol) and
HOBT (0.2 g) as described in the case of 3. Yield
0.61 g (84%) (gum). "H NMR (CDCl,, §): 0.75, 1,15,
1.45, 18H (Dbg side chain protons); 1.36, 9H,s (Boc
CH,s); 1.64, 1.84, 2H, m (Met C’H,); 2.01, 3H, s
(Met-S-CHj;); 2.41, 2H, m (Met C'H,); 3.08, 2H, m
(Phe C’H,); 3.69, 3H, s (-COOCH,); 4.10, 4.8, 2H,
m (Met C*H, Phe C*H); 5.0, 1H, d (Met NH); 6.15,
IH, d (Phe NH); 7.05, 7.1, 7.15, 6H (Phe ring
protons, Dbg NH).

Chemotactic peptide analogs

For-Met-Dbg-Phe-OMe (V). 0.61 g (1.05 mmol) of
15 was converted into its formyl derivative V using
98% formic (3 mL) and 0.3 g of DCC as described
in the case of 3. Yield 0.41 g (75%). m.p 110 °C.
Further purification was by HPLC on a reversed
phase Lichrosorb C-18 using MeOH/H,O gradient
elution (60-80% in 20 min; RT 13.3 min). 'H NMR
(CDCL,, 6); 0.75, 1.15, 1.25, 1.65, 1.8 (Dbg
C®H,s,Dbg C'H,s, Dbg C’H,s); 1.95, 2H, m (Met
CPH,s); 2.1, 3H, s (Met-S-CH,); 2.48, 2H, m (Met
C'H,); 3.1, 2H, m (Phe CfH,); 3.7, 3H, s
(-COOCH,); 4.6, IH, m (Met C*H); 4.8, 1H, m (Phe
C*H); 6.2, 1H, d (Phe NH); 6.49, IH, d (Met NH);
7.1, 7.15, 7.3, 6H (Phe ring protons, Dbg NH); 8.15,
s (formyl proton).

Biological assays

p-Glucosaminidase release from both rabbit and
human neutrophils was assayed as described previ-
ously (7). Histamine release from human basophils
was monitored as described earlier (32, 33).

RESULTS AND DISCUSSION

Solution conformations

The residue specific assignment of the NH and C*H
resonances in the peptides I-V was achieved using
decoupling and difference NOE experiments. The
chemical shifts for the backbone protons in CDCl,
and (CD,;),8O are summarised in Table I. The
involvement of NH groups in intramolecular hydro-
gen bonding was probed using solvent titration
experiments in CDCl;~(CD;),SO mixtures and tem-
perature coefficients of chemical shifts (dd/d¢) in
(CD;),S0 (23, 24). The solvent titration curves were
monotonic over the entire range of solvent composi-
tion suggesting an absence of any dramatic solvent
induced conformational change. The absence of
NH-NH NOEs and lack of a C* hydrogen at residue
2 rendered NOE experiments uninformative in analys-
ing conformations of peptides I-V. The solvent shift
(Ad) values listed in Table 1 are clearly indicative of
solvent shielded Phe NH groups in Ac,c containing
peptides I and II. The Phe NH groups in these
two peptides also exhibit low dd/d¢ as compared
to the Met and Ac,c NH groups. In sharp contrast
in Dxg peptides III-V the Dxg NH proton exhibits
very low Aé (0.15-0.20 ppm) and dd/dr
[(0.9-1.0) x 1073 ppm/K] values. The NMR data
thus establish that in the Ac,c peptides, I and II,
conformations involving the Phe NH in an intramole-
cular hydrogen bond are preferred. f-Turn conforma-
tions (Fig. 2a), involving 4—1 hydrogen bonding
between formyl CO and the Phe NH groups, are
consistent with the experimental observations and the
known tendency of Ac,c residues to promote peptide
chain folding. In difference NOE experiments, a
strong NOE was observed between Met C*H and
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TABLE |
'H NMR parameters for NH resonances in peptides For-Met-Xxx-Phe-OMe*

For-Met-Xxx-Phe-OMe Chemical shift é (ppm)

ASNH (ppm) dé/dT % 10" * ppm/K

(CD;),S0-CDCL, (CD,),SO
(CDCl;) (CD;),S0 )
Xxx Met Xxx Phe Met Xxx Phe Met Xxx Phe Met Xxx Phe
AcTe 6.20 6.50 6.68 8.30 7.85 7.15 2.10 1.35 047 5.0 5il i |
Ac8c 6.35 6.52 6.81 8.31 7.90 7.48 1.96 0.98 0.67 4.9 54 38
Deg 6.36 7.30 6.15 8.37 7.45 8.15 2.01 0.15 2.00 38 0.9 4.3
Dpg 6.43 7.20 6.13 8.40 7.40 8.22 1.97 0.20 2.09 33 1.0 4.3
Dbg 6.49 7.30 6.20 8.35 7.48 8.20 1.86 0.18 2.00 32 0.9 3.8

*Peptide concentration 10 mm.

HiC—§
H
r./N
|
\_ o
S
"/_
(a)
H](\-\
H----0
W
™ i <™ ““T
| H
H O (H7C)n (CH2)m
HiC CH3
(b)
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(a) Schematic f-turn conformation in Ac,c(2) analogs. (b)
Extended conformations in Dxg (2) analogs. The C,; and Cs
interaction is indicated by a broken line.

Ac,c NH protons, suggesting that type II f-Turn
conformations are favoured (Met ¢=—60°C, =
120 °; Ac,c, ¢=80°, y=0°). Similar conformations
have been proposed for the Acic analog (16). Type 11
[i-turns have also been observed for the peptides Boc-
Met-Aib-Phe-OMe (19) and Boc-Met-Acsc-Phe-OMe
(7) in crystals and in solution. The NMR data for
Dxg peptides III-V provide clear evidence for the
absence of fi-turn conformations described above for
Ac,c peptides. Theoretical calculations for Deg and
Dpg residues reveal the presence of two comparable
energy minima for these residues corresponding to
fully  extended (¢~y~180°) and helical
¢~ +604+20° =+30+20°) conformations (25,
26). The energy difference between these two minima
appears to be a function of the bond angle at the C*
atom. Fully extended (Cs) conformations are pre-
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ferred for < 108 ° and helical structures for 1> 108 “.
Crystallographic studies on peptides containing Deg,
Dpg and Dbg residues have provided examples of
both extended and folded helical conformations. In
crystals of short homo-oligopeptides of Deg and Dpg
fully extended structures have been observed (25-27).
An exception is the folded structure in a fully pro-
tected Dpg homotripeptide (28). In heteromeric
sequences Dxg residues have been readily accomod-
ated in f-turns (29) and peptide helices (30) in the
solid state. In the tripeptide Boc-Leu-Dpg-Val-OMe
both extended and folded conformations at the Dpg
residue coexist in crystals (31). Evidence for a trans-
ition from a folded to an extended conformation at
Dxg residues in tripeptides on dissolution of crystals
has also been presented (22). The reported crystal
structure of For-Met-Dpg-Phe-OMe reveals a fully
extended conformation at Dpg (Dpg, ¢ =173.1 ",y =
179.0 °) (20). The NMR data presented above are
consistent with a population of extended conforma-
tions at the central Dxg residues. The proximity of
the Dxg NH to the Dxg CO in the extended C;
conformation (Fig.2b) probably accounts for the
inaccessibility of this group to solvent. Solvation of
the Dxg NH by (CD;),SO is likely to be impeded on
the basis of both steric and electrostatic
considerations.

Biological activity

The ability of peptides I-V to induce f-glucosaminid-
ase release from rabbit neutrophils is summarised in
Table 2. Peptides III-V have also been tested on
human neutrophils. All five analogs are significantly
more active than the parent peptide FMLP in stimu-
lating enzyme release in rabbit neutrophils. Indeed.
the activity of the Acsc analog (I) has been reported
earlier (7). In the case of human neutrophils the Dxg
peptides 11I-V show appreciable activity, with a dra-
matic increase being observed on lengthening the
alkyl chain at position 2. Indeed, peptide V, For-
Met-Dbg-Phe-OMe, appears to be a particularly
potent activator of human neutrophils. In contrast,
although all the peptides stimulate rabbit neutrophils



TABLE 2

fi-Glucosaminidase release in newtrophils by formyl-methiony!
tripeptides

Compounds EDs, +S.E. (M)* Maximum (%)®

Rabbit neutrophils

CHO-Met-Leu-Phe-OH (74+1.2)yx107 " 35+0.1
CHO-Met-Ac-c-Phe-Me (ld4+1.2)x 107" 35+40.1
CHO-Met-Acyc-Phe-Me (lL4+13)x107" 36405
CHO-Met-Deg-Phe-OMe 8.0 x10°" 27+1.9
CHO-Met-Dpg-Phe-OMe 36 x10~4 32+4.0
CHO-Met-Dbg-Phe-OMe 48 x107 " 30+3.5
Human neutrophils
CHO-Met-Deg-Phe-OMe 231x107# 33+1.7
CHO-Met-Dpg-Phe-OMe 1.84x 10" 32+1.2
CHO-Met-Dbg-Phe-OMe 592x 1071 34428

*EDy, is the concentration of the agonist inducing one half of the
maximal release.

PMaximum release is calculated as percentage of total enzyme
present.

at appreciably lower concentrations, a marked differ-
ence is not observed on increasing the size of the
alkyl sidechains at position 2 in both Ac,c and Dxg
series. The biological activity determined in human
neutrophils for For-Met-Dpg-Phe-OMe (IV) is in
good agreement with the value reported by Dentino
et al. (20). The significance of the differences in the
behaviour of the peptides towards human and rabbit
neutrophils is unclear.

FMLP has been shown to possess secretagogue
activity and stimulates histamine release in human
basophils (29, 30). Figures 3 and 4 summarize the
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FIGURE 3

Basophil histamine release expressed as percentage of total histam-
ine determined for FMLP analogs. Average values determined in
six experiments or more.

Chemotactic peptide analogs
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FIGURE 4

Histamine release induced by analog peptides expressed relative to
that observed for FMLP at 10~ °M in the same set of experiments.

results of histamine release assays carried out in
presence of peptides I-V. All the analogs are effective
in stimulating histamine release. The Deg analog
(III) is the least effective, while the Dpg (1V), Acsc
(1), Acge (IT) are slightly less effective than the parent
peptide FMLP. Interestingly, For-Met-Dbg-Phe-
OMe (V) is appreciably more potent than FMLP in
inducing histamine release. For-Met-Dbg-Phe-OMe
thus appears to be a potentially important ligand for
probing target receptor sites on both human neutro-
phils and human basophils.

CONCLUSION

 The results of the present study establish that con-

formationally constrained analogs of the chemotactic
tripeptide FMLP, which favour widely different solu-
tion conformations, exhibit high levels of biological
activity as manifested in studies of granule enzyme
and histamine release in neutrophils and basophils,
respectively. In the case of neutrophil receptors, het-
erogeneity and differences between chemotactic pep-
tide receptors of rabbit and human neutrophils need
to be considered (34). Two possible explanations for
the high biological activity of peptides with con-
trasting solution conformations must be considered:

1. Changes in the conformation of the peptides on
receptor binding. This induced-fit explanation may
be relevant for Dxg analogs, since these residues
have been shown to adopt two distinct conforma-
tions, folded and extended, in structures of model
peptides (20, 22, 25-31). Indeed recent crystal struc-
tures of model peptides reveals coexistence of both
conformations at a central Dpg residue in crystals
(31), suggesting that energy differences between the
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two states may be easily compensated by local
environmental interactions.

2. Heterogeneity of receptor sites with some sites
recognizing peptides as folded structures, while others
have an affinity for extended structures. While clear
evidence for multiplicity of receptors recognizing dis-
tinct conformational species is still awaited, the
experience with receptors for other biologically active
peptides such as opioids (35) suggests that this
explanation cannot be dismissed without further
evidence.

The availability of high affinity peptide ligands
with well defined and distinct conformations should
prove useful in further probing structural require-
ments of formyl peptide receptors in diverse cell types.
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