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Abstract: Formyl-Met-Leu-AZ-Phe-OMe. an analog of the chemotactic tripeptide 
Formyl-Met-Leu-Phe has been synthesized to evaluate the effect of substitution 
of a, B -dehydrophenylalanine pn activity and conformation. The analog 
QeQtide shows high biological activity in stimulating superoxide production 
by rapit nsutrophila. An NMR analysis of the solution conformation of 
the A -Phe analog, using nuclear Overhauser effects and comparisons with 
the corresponding saturated QeQtides, favours a significant Qopulation 
of extended backbone conformations. 

Formyl-methionyl-leucyl-phenylalanine (Formyl-Met-Leu-Phe-OH) and several synthetic 

analogs have been shown to act as chemoattractants for neUtrOQhil5 1.2 . These peptides 

induce a selective release of lysosomal enzymes in neutrophils2 and also stimulate a burst 

of oxidative metabolism3. Formyl-Met-Leu-Phe-OH and its analogs bind to a specific membrane 

bound receptor on the neutrophil cell surface. Several studies have attempted to correlate 

structure-activity data in order to establish the structural features necessary for biological 

ef fectorSqzo 

activity ’ and to delineate the nature of the receptor bound conformation of the Qeptide 

Studies with conformationally constrained analogs have suggested that folded, 

8-turn structures centred at residues 1 and 2 may be responsible for receptor recognition. 

The high biological activity of position 2 analogs containing a -aminoisobutyryl (Aibl, 

I-amlnocycloalkane-1-carboxyl (Acc5 or Acc6, where superscript denotes number of carbon 

atoms in the cycloalkane ring] residues SuppOrts this point of view617. Other reports 

have favoured fully extended solution conformations for the parent sequence 
11 

and several 

unconstrained analogs 6,9 suggesting that extended conformations are capable of interacting 
‘10 

with biological receptors . In this report we describe the synthesis, solution conformations 

and biological activity of an analog containing Z-dehydrophenylalanine ( AZ-Phel at position 

3. Formyl-Met-Leu- AZ-Phe-OMe (11. The results are compared with those obtained for 

the analog Boc-Met-Leu-AZ-Phe-OMe (2) and the saturated peptide Formyl-Met-Leu-Phe-OMe (3). 

RHSULTS AND DIRCUSSION 

Biological Aotivity 

The binding of active chemotactic peptide analogs to neutrophil receptors triggers 

superoxide production12, which can be conveniently assayed spectrophotometrically by 

redox reactions of cytochrome C 13 or ascorbic acid14. Figure la shows the effect of 

addition of the peptide Formyl-Met-Leu-Phe-OMe (3) to neutrophil suspensions containing 

cytochrome C. Appreciable reduction is detectable at a concentration of lo-6M. This analog 

has been shown to be highly active in inducing lysosomal enzyme release7. Figure lb shows 

the results of a COmQarable experiment with the analog Formyl-Met-Leu- AZ-Phe-OMe (11, 
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which establishes almost the same level of activity at 10%. Earlier studies have shown 

that the amino terminal formyl group is essential for activity. with Boc protected peptides 

acting as antagonists 4.5 . Figure Ic demonstrates that additlon of - 30lJM Doe-Met-Leu-Phe-OMe 

dramatically reduces the activity of 3. Figure id shows that EIoc-Met-teu- A ‘-Phe-OMe 

(2) also functions as an antagonist. The results establish that replacement of Phef3) by 

AZ-Phe(3) does not have an appreciable influence on biological activity. 

conformational shaes 

‘H NMR (270 MHz) studies W8r8 carried out in CDC13 and fCD312S0. Assignment of 

NH resonances was straightforward in 2, with the Leu and Met NH resonances identified 

by spin decoupling. In 1, the Met and Leu C”H resonances overlap in 23.6% CDC13-(CD3)2S0 

and fCD3)2S0 (Fig.2a shows the 1 H NMR spectrum of 1 in (CD,)$O). The Met NH doublet 

was r8COglliZed by virtue Of a Strong NOE to the formyl proton. The degree of solvent 

exposure of the NH groups was probed by means of temperature dependence of NH chemical 

shifts in (&D3)2SO and by comparing changes in chemical shifts between a poorly hydrogen 

bonding solvent like CDC13 and a good hydrogen bond acceptor, iCD3)2S015~ The NMR 

parameters for the various NH resonances in 1 and 2 are listed in Table 1 and compared 

with the values obtained for Formyl-Met-Leu-Phe-OMe (3). It is clearly seen that in all 

the peptides there is no evidence for inaCC8sSibility of any NH group to the solvent. 

Suggesting the absence of intramolecularly hydrogen bonded conformations, in solution. 

TAElLB 1 

I 
H NMR Parameters for NH Resonances in Peptides 1, 2 and 3 

Peptide 1 (31’ Peptide 2 

Met Leu 4 ‘-Phe Met Leu A=-Phe 
IPhel 

6NH(CDC13) 
b 

fppm) 

d6/dT 

( ppm K-‘~10~) 

8.01 

(6.95) 

8.33 

(8.29) 

4.50 

(6.20) 

JNHCaH (CDC13)b 7.3 8.0 

lHzf (9.0) (6.7 1 

JHNCa,.f [ (CD,lzSOl 8.3 

(Hz1 (7.4) 

7.86 

(7.12) 

6.23 

(8.05) 

5.67 

(5.10) 

7.8 

(6.11 

(6.92) 

9.78 

(8.33) 

5.22 6.73 

7.04 7.97 9.76 

6.33 
5.80 4.60 

4.30) 

7.8) 
7.8 8.9 

5.80 

5.4 7.1 
(7.4) 

a 

b 

Values in parentheses are the NMR parameters for peptide For-Met-Leu-Phe-OMe, 3. 

Peptide 1 does not dissolve in CDC13. Hence 6NH and JHNCeH for this peptide are those 

obtained in a solvent mixture of 76.2% CDC13 and 23.6% (CD3)2S0. 
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Flg.1: Superoxide generation from rabbit peritoneal neutrophils. Responses by al 1nM and 1OnM 

Formyl-Met-Leu-Phe-OMe 3 and b) 1nM and 1OnM Formyl-Met-Leu-AZ -Phe-OMe 1. Inhibition 

of the 1OOnM Formyl-Met-Leu-Phe-OMe response on preincubation of cells for 2min with 

c) 10W and 30~ Boc-Met-Leu-Phe-OMe and d) 10pM and 30uM kc-Met-Leu-AZ-Phe-OMe 2. 

I I I . . I I 

10 9 8 I- 6 4 2 1 0 
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Fig.2: a) 270 MHz lH NMR spectrum of Formyl-Met-Leu-AZ- Phe-OMe 1 in (CD312S0. b-e) Difference 

NOE spectra obtained by irradiation of b) AZ-Phe NH Cl Met NH d) Leu NH and 

el formyl proton. 
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Figure 2 shows the results of typical difference NOE axperiments designed to probe 

short [X 3i3 interproton distances 16 . The %i%gnltUd8S of the NC% observed on irradiation 

of specific pepttde NH resonances are summarized in Tables 2 and 3. In CDCIJ, both C’S++ NiH 

(~ntraresidue~ and $H++ Mf+l 
i 

Fi ~interresid~~ NOES were observed in ail cases, with the 

latter being appreciably more intense than the former. For peptides 2 and 3 the foliowing 

strong NOEs were observed: AZ-Phe NH++ t&u CoH and Leu NH *-, Met Co N. These successive 

interresidue NOES are compatible with extended backbone conformations having $ MetWLeu - 1200; 
3oa17 .16 * The relatively large YHNCaH values for Met and Leu (> 8Hzl are consistenl with 

large [negative) 6 values characteristic of extended peptide chains 19 . For 3 in [CD,j$O, 

the NOES are suggsstfve of a population of extended structures, although the lower JHNCsH 

VaXues may indicate a greeter degree of conformational averaging. The observation of % 

weak NiH-Ni+l H NOE in CDCl3 [between Leu NH and A’-Phe NH1 For peptide 1 is indicative of 

a small population of folded conformers having Leu QI - -SOO, rci- GO*. This corresponds to the 

helical region of #I,@ space. ThP% NOE is relatively weaker in the more polar solvent (CD312S0. 

The insolubility of peptfde 1 precluded a study In CDC13, In both 23.Q (C~3]2SO-C~C~3 

and pure fCD3f2SO the Met CaW and Leu CaH resonances overlap, thus preventing a definitive 

analysis of the interresidue NOES, An appreciable NOE is indeed observed between A’-Phe 

NH and the composite C’H resonance at 4.62 6 , which may be assigned to a short interproton 

distance d ‘-Fhe NH a * - * teu C’H. The NOES nbserved on the C” H resonances when the Leu 

NH group is saturated could contsin contributians from both We-r- and intraresidue effects. 

An NOE betweendZ-Phe NH and Leu CaH is also observed for peptfde 2 fn (CD3]2SO. These 

NMR results support the presence of largely extended peptide c~nformatfo~ in the chemotactfc 

peptide analogs 1 to 3 in organic soLvents (Fig.3). The results are in agreement with 

earlier reports on Formyl-Met-Leu-Phe-&’ and Formyl-Met-Leu-Phe-OMe 20 , which favoured 

extended conformat ions in dimethylsulFoxide solutions. 

Fig.3: Proposed extended nonformation for Formyl-Met-Leu- A ‘-Phe-O#%e 1. Dark arrows and 

broken arrows indicate short Interproton distances which result in diagnostic interrssfdue 

and intraresidue NOES, respectively. 

Despite ~onsid%rable effort and ~t~itbstand~ng their apparent structural simplicity. 

the nature of the “bfologkally activtP conformatfon of chemotactic peptides rwaafns unckw 

at present. Analogs which are necessarify constrained to adopt Folded conformations by 

virtue of incorporation of stereochemically rigid amino acid residues have pro;red to be 

highly active6‘7. However, analogs which show a strong propensity to Favour extended 
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TABLE 2 

Nuclear Overhauser Effects ($) Observed on Irradiation of NH Resonances in CDCl3 

Resonance 
Irradiated Peptide la Peptide 2 Peptide 3 

Met NH 

Leu NH 

Formyl proton (13.9) 

Met CaH (7.61b 

AZ-Phe NH (2.7) 

Met CaH, Leu C’# 

(7.68) 

Met CaH (2.51 

Met NH (1.1) 

Leo CaH (3.6) 

Met CaH (12.0) 

Met CaH (4.2) 

Leu C’H (3.9) 

Uet CaH (14.2) 

AZ-Pha NH 

Ph:NH 
Leu CaH (12.0)b Leu C”H (8.7) 

Phe C”H (2.9) 

Leu CaH (7.0) 

’ Peptide 1 was studied in a solvent composition of 76.2% CDC13 and 23.68 (CD3)2S0. 

b*c Met CaH and Leu CaH resonances overlap in peptide 1. For NOB caicdations for the CaH 

resonances, in cases (b) , half the intensity of C”H resonance and in (c), the complete 

intensity has been used. 

TABLE 3 

Nuclear Overheuser Effects I%) Observed on Irradiation of NH Resonances in (CD3)2S0 

Rasonance 
Xrradiated 

Met NH 

Peptide 1 

Pormyl Proton (13.9) 

Met CaH (2.6)’ 

Peptide 2 

Met C”H (1.3) 

Peptide 3 

Met C”H (1.7) 

Leu NH 
AZ-Phe NH (1.6) 

Met CaH.Leu CaH (‘7.9)b 
Leu CaH (2.2) Met C&H (5.1) 

A=-Phe NH 

Ph?NH 
Leu CaH (&O)* Leu CaH (4.0) 

Phe CaH (4.5) 

Leu CaH (5.5) 

alb In paptide 1, the Met CaH and Leu CaH resonances overlap in (CD312S0. Hence for NOB 

calculations for CaH resonances , in fa) half the intensity and in [b) complete intensity 

of C”H resonate has been used. 
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saturated NaCl (lxl5ml) and dried over anhydrous Na2SC4. Ether was evaporated in vacua to 

give 6. Yield, 1.75g (61#); R+A), 0.79: ((II?, 
_- 

38.W (c 1.0. MeOH]. 

eoc-Wet-usu-~Z-me-o~ 2: 
The dipeptide 6 (1.758. 4.5mmol) was treated with a 1:l mixture of TFA and CH2C12 

for lh at room temperature. Excess TFA was removed, residue washed with dry ether and dried 

over KOH in vacua, to give TFA.H-Leu-AZ-Phe-OMe. Yield, 1.38 (72.2%). 

A solution of Boc-Met-OH (0.768, J.lmmol) and N-methylmorpholins (0.34ml. 3.lmmol) 

in THF (15ml) was chilled and isobutyl chloroformate (0.41ml. 3.lmmol) was added and mixture 

stirred for 15 min. A precooled solution of TFA salt and N-methylmorpholine (0.36ml. 3.3mmol) 

in THF (10ml) was added and mixture stirred for 2h at 0% and overnight at rwm temperature. 

The reaction mixture was evaporated in vaccuo. -- residue dissolved in ethyl acetate, washed 

successively with saturated NaHC03 solution, water, 50 citric acid solution, water and dried 

over anhydrous Na2S04. Solvent was evaporated in vacua to yield a solid which upon trituration -- 
with dry ether gave pure tripeptide 2. Yield, 1.28 (75%); m.p.. 146-149°C; RI(A), 0.82; Rf(B), 

0.71: HPLC retention time, 16.4min. Anal. Calc. for C26H3906N3S, C 59.66. H 7.40, N 8.06. 

Found C 59.67, H 7.50, N 7.95. 270 MHz ‘H NMR, 6 , ppm ((CD3)2SOl: 9.76(AZ-Phe NH, 1H. 

s): 7.97(Leu NH, 1H. d); 7.65, 7.39[AZ-Phe aromatic protons, 5H. ml; 7.26(AZ-Phe CBH,lH.s): 

7.04[Met NH, lH, d): 4.45(Leu CaH, 1H. m): 4.03(Met CaH. lH, m): 3.69(-CDDCH3. 3H, 8): 

2.44(Met CyH2. 2H, t]: 1.99(Met CEH3. 3H. s]: 1.76(Met C0H2, 2H. m); 
Leu C’H, 3H. m); 1.37(Boc CH3, 9H, 8); O.Sl(Leu C6H3. 

1.52(Leu C’H2 and 

6H. m). 

Pormyl-r&3t-Le&Z-Phe-oMe 1: 

96% Formic acid (2ml) was added to 2 (1DOmg. D.Immol) kept under nitrogen. Reaction 

was stopped after 3.5h when TLC showed absence of starting material and reaction mixture 

evaporated to dryness, to give the formate salt of 2. 

Acetoformic acid reagent was prepared by adding lml of 96% formic acid to 2ml 

of freshly distilled acetic anhydride. which was precooled to O”, and mixing thoroughly. 

This mixture waf~ then heated to 5OoC for 15min and cooled immediately in an iCe bath. 

l.lml of this reagent was added to the formate salt of 2. stoppered and maintained for 

lh in an ice bath, and at mom temperature for 1.5h. Reaction mixture was then evaporated 

to dryness, and water added. to give a white precipitate. Solid was extracted with ethyl 

acetate (3xlOml). Combined organic extracts were washed with water, IM NaHC03 and 

again. water. Ethyl acetate layer was dried over anhydrous Na2S04 and evaporated in 

vacua. The crude product was purified by HPLC (retention time, 10.5min). 270-MHZ r;; 

NMR. 6, ppm [(CD3)2SO]: 9.76(AZ-Phe NH, lH, s); 6.33(Met NH, 1H. d): 6.23(Leu NH. 

1H. d]: 6.03(Formyl proton, lH, s), 7.69, 7.42(A ‘-Phe aromatic protons, SH, m); 7.26 

(AZ-Phe Cg H. 1H. 8): 4.46(Met and Leu CaH. 2H. m); 3.70(-COOCH3. 3H. 8): 2.42(Met Cy 

H2* 2H. t]: 1.97(Met Cs H3, 3H, s); 1.76(Met C6HJ, 2% m): 

H, 3H. m]: 0.92(Leu C*H3. 

1.54(Leu C6H2 and Leu Cy 

6H, m) (see Fig.Za for a representative spectrum). 

eiological Assay 
Rabbit peritoneal neutrophils were prepared as described26. Briefly, 0.18 glycogen 

in normal saline was injected intraperitoneally. The exudate formed was tapped after 4h. 

Cells were washed by centrifugation and suspended in buffer containing 17mM HEPES. 120mM 

NaCl. 5mM KCl. 1mM MgS04 and 5mM glucose. Superoxide generation was assayed as described13 

with minor modifications. 1.5~10~ cells were stirred and incubated at 37% in 2ml of 

buffer containing 1mM CaC12 and 0.625mg/ml cytochrome C. Cells were pretreated with 

4u g/ml of cytochalasin B before addition of the test samples. Changes in absorbance at 

55Onm were measured. 
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