i’f CORE Metadata, citation and similar papers at core.ac.uk

Provided by Publications of the IAS Fellows

Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
September 16, 1980 Pages 235-242

If SYNTHETIC PEPTIDES AS CHEMOATTRACTANTS FOR BULL SPERMATOZOA
STRUCTURE ACTIVITY CORRELATIONS

M. Igbal, S. Shivaji, S. Vijayasarathy and P. Balaram

Molecular Biophysics Unit, Indian Institute of Science,
Bangalore 560012, India

Received June 15,1980

SUMMARY. The ability of various synthetic peptide analogs

of Formyl-Met-Leu~-Phe to induce chemotaxis in bull sperm

is compared using an inverted capillary assay. The formyl
group is essential for chemotactic activity and corresponding
t-butyloxycarbonyl tripeptides are inactive. Sequence analogs,
Formyl-Met-Phe-Leu, Formyl-Leu-Met-Phe and Formyl-Leu-Phe-lMet
are active. Replacement of Met and Leu by Pro does not
diminish activity. Formyl-Met-Leu-Phe-NH, is active suggesting
that electrostatic interactions involving©the carboxyl group
may be unimportant in receptor interactions. The studies
establish the importance of an amino terminal formyl group

and a sequence of at least three hydrophobic residues, for
inducing sperm chemotaxis.

INTRODUCTION
Formyl-Met-Leu-Phe (FMLP)', a synthetic tripeptide has

been shown to induce chemotaxis and lysosomal enzyme release
in neutrophils (1,2). Recent studies in this laboratory

. have established that FMLP causes acrosomal enzyme release
and induces chemotaxis in bull sperm (3). These observations
are of particular interest because of the possible involve-
ment of chemical factors in the control of directed motility
(4) and in the induction of the acrosome reaction in sperm
(5,6). The availability of synthetic peptides with such
biological activities will provide excellent model systems

Tavbreviations: FMLP, Formyl-Met-Leu-Phe; DCC,
dicyclohexyl carbodiimide; FPLP, Formyl-Pro-Leu=-
Phe; HILP, t-butyloxycarbonyl-Met-Leu-Phe; BFLP,
t=butyloxycarbonyl-Pro-Leu-Phe; Boc, t=butyloxy-
carbonyl; KRB, Krebs-Ringer's bicarbonate buffer.

0006-291X/80/170235-08$01.00/0
Copyright © 1980 by Academic Press, Inc.
235 All rights of reproduction in any form reserved.


https://core.ac.uk/display/291496715?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

for the in vitro study of these properties of sperm cells.
In this report we examine the chemotactic activities of bull
sperm towards a number of synthetic analogs of FMLP,

with a view towards delineating the structural require-

ments for biological activity.

MATERTATS AND METHODS

All peptides listed in Table 1 were synthesised by
solution phase procedures and checked for homogeneity by1
TLC, Structures were established by 60 MHz and 270 MHz 'H
NMR. Carboxyl activation of Boc protected amino acids
was carried out using dicyclohexylcarbodiimide (DCC) in
methylene chloride. Dipeptide acids were activated with
DCC and 1~hydroxybenzotriazole in dimethylformemide, Boc
group removal in dipeptides was accomplished with tri-
fluoroacetic acid. Conversion of the Boc-tripeptide acids
to the corresponding formyl derivatives was effected by
a one pot procedure using anhydrous formic acid and acetic
anhydride, Details will be published elsewhere.

Chemotaxis and motility of sperm were assayed using
an inverted capillary method (7). Glass capillaries (1mm
internal diameter) were sealed at one end, passed several
times over a flame and plunged open end down, into a beaker
containing the test solution. The capillary thus filled
was then inserted into a small beaker eontain%ng the sperm
suspension in egg yolk-citrate buffer (5 x 10/ cells/ml)
and allowed to stand for 3 hours at 37°C. The capillaries
were then removed and the number of cells inside were
estimated microscopically with a hemocytometer. Peptide
solutions were prepared in Krebs-Ringer's bicarbonate
buffer (pH 7.4?-

RESULTS AND DISCUSSION

The results in Table 1 clearly show that bull sperm
tend to move towards FHMLP when a concentration gradient
exists. This is evident from the large increase in the
number of cells entering a capillary containing FMLP.
Fig.1 shows the percent increase in cells in the capillary
as a function of time., It can be seen that there is an
increase with the time of contact between the capillary
and sperm suspension. For purposes of comparison of

the various peptides a contact time of 3 hours was
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TABLE 1
Chemotactic effect of synthetic peptides on bull sperm®*

Concentration of peptide (xu.M)

Peptide
10 20 40 80
F-Met-Leu-Phe +75416.5 +133+36 4170453 +235+56
F-Met-Leu-Phe-0lle +9+43 +3347 +54+14 +1246
F-Met-Leu-Phe-NH, +3848 +85+18 +114+21 +175+29
F-let-Phe-Leu -4849 +226432 4255441 +235431
F-Leu-Phe-let +2146 +150441 +131+29 +111445
F-Leu-Met-Phe +65+36 +71414  +126446  +203+43
F-liet-Pro-FPhe +354458 +238+29 +285+41 +228+27
F-Pro-Leu-rhe +37+49 +106457 +112+60 +192+457
Boc-llet-Leu-Phe -15+2 -2448 -39+23  =3245
Boc-Pro-Leu-Phe -2044 -34415  -47+22  -5347
Boce-llet-Phe -4347 -45+%11 =34+11  -2949
Boc-Phe-llet -1145 -1544 -41416  -73426
Boc-Phe-Leu -44+16 -T4+419 =T714+26  =30x+27
F-let-Phe -3149 -52417 =442 -441

*
The values represent the percentage increase (+) or

decrease (-) in the number of cells entering the
capillary containing the peptide over the control
capillary containing KRB buffer (pH 7.4).
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Fig.1. Time dependent chemotactic response of

bull sperm to FMLP. e capillaries con-
tained 40 M FiiLP. A capillaries con-
tained only KRB pH 7.4 buffer.
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chosen and the results are summarised in Table 1. While
all the formyl tripeptides appeared to induce chemotaxis
Boc-tripeptides and dipeptides resulted in a decrease in
the number of cells entering the capillary. While the
concentration dependence and the magnitude of the chemotactic
response was slightly different for each tripeptide, it

is clear that the various formyl analogs are biologically
active. The effects observed for FMLP, Formyl-Met=Phe-Leu,
Formyl-Leu-lMet=-Phe and Formyl-Leu-Phe-Met suggest that
gpecific sequence may not be particularly important, but
the presence of three consecutive hydrophobic residues

may be critical. Studies on the effect of formyl peptides
in inducing lysosomal enzyme release and chemotaxis in
polymorphonuclear leukocytes (neutrophils) have shown

that while FMLP is the most active peptide, Formyl-Met-Met-
Phe and Formyl-Met-Met-let-Met are also quite active (1).
Further the isosteric analog obtained by replacing lMet

by norleucine is also active, suggesting that the sulfur
atom in the position 1 side chain is not essential for
inducing chemotaxis in neutrophils (8). While a direct
correlation between the activities of these peptides in
inducing chemotaxis in neutrophils and sperm is not possible
with the available data, it is likely that both effects are

mediated by interactions with a membrane bound receptor.

From Table 1 it is seen that both Formyl-Met-Pro-
Phe and Formyl=-Pro-Leu-Phe show high biological activity.
A similar retention of activity on replacement of Met
and Leu residues by Pro has also been observed in the

case of the enkephalins (9). This suggests that the
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flexible hydrophobic side chains of the Met and Leu
residues may in fact be folded at the receptor site in

a manner that can be mimicked by the rigid pyrrolidine
ring of Pro., Esterification of the carboxylic acid group
in FMLP results in a lowering of chemotactic activity in
sperm. However the retention of some activity suggests
that the carboxylate group may not be essential for
receptor interactions and argues against very significant
contributions from electrostatic effects. The relatively
high activity observed for Formyl-Met-Leu-Phe-NH, supports
this conclusion and suggests that hydrogen bonding between
the terminal -COOH or -CONH2 group of the peptide and
appropriate functions on the receptor may be important.
The hexapeptide Formyl-Nle-Leu-Phe-Nle-Tyr-Lys is a potent
chemoattractant for human neutrophils (10), an observation
that again emphasises that blocking of the Phe carboxyl
group does not destroy activity. The chemotactic effect
of FMLP and ite analogs on bull sperm has been measured

at four concentrations ranging from 10-80f&M. It may be

noted that the concentration dependence varies with the

gtructure of the peptide. This may result from aggre-

gation of the hydrophobic peptides in aqueous solution.

Enhanced movement in motile cells induced by chemical
stimuli may be the result of chemotactic (directional
movement down a chemical concentration gradient) or chemo-
kinetic (enhanced random movement) effects (11). Table 2
summarises the results of capillary assay performed under
different conditions for FMLP, Formyl-Pro-Leu-Phe and the

corresponding Boc analogs. The enhancement in the number
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TABLE 2
Response of bull sperm to peptides under various conditionst
Assay conditions % Cells Ahssay conditions % Cells

entering entering
Spern suspension vapillary capillary Sperm suspension Capillary capillary
KRB KRB 100 (25) BHLP (20 un) BMLP (20 i) 8249 ( 9)
FULP (20 pH) FULP (20 uM) 130420( 9) BILP (40 uM) BULP (40 pdi) 7349 (12)
FHLP (40 pl) FALP (40 pil) 140420( 9) BILP (20 wli) KRB 65+22(15)
FILP (20 ki) KRB 195+41(12) BULP (40 i) KRB 764+18(15)
FMLP (40 uit) KRB 129431(12) KRB EILP (20 wi1) 7648 (15)
KRB FULP (20 uM) 233436(25) KRB IMLP (40 uM)  61+23(15)
KRB FILP (40 wlf) 270453(25) BPLP (20 ui) BPLP (20 mM)  72+16( 9)
FPLP (20 ui) FPLP (20 uM) 137+19( 9) BPLP (40 i) BPLP (40 mlM) 6446 ( 9)
FPLP (40 pi) FPLP (40 wit) 150+22( 9) BPLP (20 wi) KRB 8948 ( 9)
FFLP (20 pM) KRB 154+414(12) BPLP (40 mil) KRB 8149 ( 9)
FPLP (40 pif) KR3 141+13(12) KRB BPLP (20 uM)  66+15(12)
KRB FPLP (20 uil) 206457(18) KRB BPLP (40 pM) 53+22(12)

KRE FPLI (40 u3)  212+460(18)

- o
Approximately 1 <«

10° cells entered the control capillary (case 1).

Vaiues are an average over the number of experiments indicated in the parentheses.

0861 'L "ON 96 '|OA

SNOILYDINNWWOD HDHVIS3H 1vIISAH4OI8 ANV 1VDIWIHDOI9



Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

of cells entering the capillary compared to buffer controls
when FMLP is present both inside and outside the capillary
or when FMLP is present only in the suspension may be due
to enhanced random motility. This chemokinetic effect is
also exhibited by Formyl-Pro-Leu-Phe. However it is
significant that the number of cells entering the capillary
is substantially greater when these peptides are present
only in the capillary. This strongly suggests that the
gperm cells are indeed sensing a concentration gradient

and that the chemotactic effect is superimposed on a general
chemokinetic effect. Both Boc-Met-Leu-Phe and Boc-Pro-Leu-
Phe cause a decrease in the number of cells entering the
capillary as compared to the control value in all cases.
This may reflect a motility inhibiting effect as well as

a chemorepellent activity towards bull sperm.

The results described above establish that Formyl-
Met-Leu-Phe and related formyl tripeptides are chemo-
attractants for bull sperm. Chemotactic activity is
abolished on replacement of the formyl group by a Boc
group. Conversion of the terminal carboxyl group to an
amide results in retention of activity as does interchange
of the Met, Leu and Phe residues. The replacement of Met
and Leu residues by Pro yields highly active analogs. These
observations suggest that hydrophobic formyl peptides may
be capable of interacting with receptors on the sperm cell
surface. The stereochemical requirements for peptide cell
interaction would be better defined by a study of confor-
mationally constrained analogs. Studies in this direction

are presently in progress.

241



Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ACKNOWLEDGEMENTS. This work was supported by grants from

the Departmen? of Science and Technology, Government of India.
We thank Prof.H,Sharatchandra for use of the phase contrast
microscope and the staff of Centralised Semen Centre, Hebbal
for the gifts of bull semen.

REFERENCES

1ﬂ

2.

3.

4.

6.

Te

8.

9.

10,

11,

Showell, H.J., Freer, R.J., Zigmond, H.S., Schiffmann,
E., Aswanikumar, S., Corcoran, B. and Becker, E.L.
(1976) J. Exptl. Med. 143, 1154-1169.

Becker, E.L., Showell, H.J., Henson, P.M. and Hsu, L.S.
(1974) J. Immunol. 112, 2047-2062.

Vijayasarathy, S., Shivaji, S., Iqbal, M. and Balaram, P.
(1980) FEBS Letters in press.

Acott, T.S. and Hoskins, D.D. (1978) J. Biol. Chem,
253, 6T744=6750.

Meizel, S. Development in Mammals (Johnson, M.H., ed.)
Vol,III, 1-64, North-Holland, Amsterdam. (1978).

McRorie, R.A, and Williams, W.L. (1974) Ann. Rev. Biochem.
43, T177-803.

Tso, W.W., Lee, W.M. and Wong, M.Y. (1979) Contraception

Day, A.R., Radding, J.A., Freer, R.J., Showell, H.J.,
Becker, E.L., Schiffmann, E., Corcoran, B., Aswanikumar, S.
and Pert, C. (1977) FEBS Letters 77, 291-294.

Bajusz, S., Ronai, A.Z., Szekely, J.I., Graf, L., Dunai-
Kovacs, Z. and Berzetei, I. (1977) FEBS Letters 76,
91=-92,

Niedel, J.E., Kahane, I. and Cuatrecasas, P. (1979)
Science 205, 1412-1414.

Gallin, J.I., Gallin, K.E. and Schiffmann, E, (1979)
Adv., Inflammation Research (Weismann, G., Samuelsson, B.
and Paoletti, R.) Vol.1, 123-138, Raven Press, New York.

242



