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Abstract-l. An amidated decapeptide, showing strong inhibitory activity of spontaneous visceral muscle 
movement was isolated, from head extracts of 42 thousand fleshflies, Neobellieria bulluta (Diptera, 
Sarcophagidae). 

2. Amino acid sequencing and verification by peptide synthesis revealed the following primary 
structure: Thr-Asp-Val-Asp-His-Val-Phe-Leu-Arg-PheNHr. 

3. The novel peptide was termed neomyosuppressin or Neb-MS. 
4. During the process of consecutive high performance liquid chromatography (HPLC) purifications 

the biological activity of the samples was monitored using heterologous bioassay system. 
5. The threshold level of synthetic Neb-MS was found to be 8.6 + 0.5 x lo-” M on the Leucophaea 

hindgut and 3.4 + 0.5 x lo-‘O M on the Locusta oviduct bioassay, respectively. 

INTRODUCTION 

In recent years the improvement of chromato- 
graphical, immunological and molecular biological 
techniques made it possible to isolate and character- 
ize a growing number of insect neuropeptides from 
different insect sources (for reviews see Holman et al., 
1990; De Loof and &hoofs, 1990). In many cases 
the bioactive peptides show significant homology 
with respective vertebrate (and/or invertebrate) 
neuropeptides (De Loof and &hoofs, 1990). 

Following the pioneering discovery of proctolin 
in Periplaneta americana (Starratt and Brown, 1975), 
several other visceral muscle stimulating peptides have 
been isolated such as the leucokinins (I-VIII), leuco- 
pyrokinin, leucosulfakinins (I-II) from Leucophaea 
maderae (for references see Holman et al., 1990) or 
locustamyotropins (I-IV), locustatachykins (I-IV), 
locustasulfakinin, locustapyrokinin and locustakinin 
(Schoofs et al., 199Oa+; 1991a-c) from Locusta 
migratoria. Locustatachykins exhibit sequence hom- 
ology to peptides of the vertebrate tachykinin family 
(Schoofs et al., 1990~4. Leucosulfakinins (Nachman 
et al., 1986a,b), locustasulfakinin (Schoofs et al., 
1990e) and neosulfakinins from Neobellieria bullata 
(Fbnagy et al., 1992) exhibit structural identities with 
vertebrate gastrointestinal peptides. All these studies 
show the rapid improvement in insect neurohonnone 
research and provide possibilities for the study of the 
complex functions of these substances. 

FMRFamide (Phe-Met-Arg-PheNH,), the first 
member of an other intensively growing interphyletic 
family was originally isolated from the clam Mucro- 
callisticia nimbosa (Price and Greenberg, 1977) as a 

cardioexcitatory neuropeptide. This family (and its 
leucine analogue FLRFamides) shares structural 
homologies (primarily at the carboxy-terminal end) 
with peptides and peptide families originating from 
other invertebrate and vertebrate phyla (Greenberg 
et al., 1988). The FM(L)RFamide family seems to 
be a complex group of peptides; for example the 
insect sulfakinins (Nachman et al., 1986a-b; Schoofs 
et al., 1990e, Fonagy et al., 1992), leucomyo- 
suppressin, (Holman et al., 1986b) or the Schisto- 
FLRFamide (Robb et al., 1989) all belong to the 
same group. 

The first inhibitory factor, the leucomyosuppressin 
was purified from Leucophaeu maderae (Holman 
et al., 1986b), followed by SchistoFLRFamide from 
Schistocerca gregariu (Robb et al., 1989) and locusta- 
myoinhibiting peptide from L. migrutoriu (Schoofs 
et al., 1991d). 

In the present paper we report the isolation, amino 
acid sequence determination, synthesis and biological 
activity of a new insect myosuppressin peptide. 
According to the suggested insect peptide nomen- 
clature (Raina and Glide, 1988) it was termed neomyo- 
suppressin or Neb-MS and it was isolated from head 
extracts of the fleshfly, Neobellieria bullata (Diptera; 
Sarcophagidae). This peptide has its carboxy-terminal 
in common with other vertebrate and invertebrate 
peptides of the FM(L)RFamide family. 

Insects 
MATERIALS AND METHODS 

Neobellieria bullata (Diptera, Sarcophagidae) was reared 
under laboratory conditions in mass culture as described by 
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Huybrechts and De Loof (1981). The colonization of Leuco- 
phaea maderae was done as reported by Cook and Holman 
(1978). Locusta migratoria R and F were reared according 
to Ashby (1972). 

Tissue extraction 

The heads of 42,000 7-10 days old male and female flies 
were cut off during a period of two months. The heads were 
collected, homogenized and extracted in a methanol/water/ 
acetic acid (90: 9: 1) mixture. The extraction procedure has 
been described elsewhere (Fbnagy et al., 1992). The subse- 
quent prepurification on Sep-pak cartridges was performed 
according to Holman ef al. (1986a). 

HPLC separation and purification 

HPLC purification was performed on an LKB Liquid 
Chromatograph equipped with one pump (LKB 2150), a 
controller (LKB 2152). a variable wavelennth monitor (LKB 
2151) and ‘mixer driver (LKB 1130). Processing of crude 
extracts required the use of four different types of columns, 
consecutively. 

Initially, fractionation of the prepurified extract was 
performed on Waters-u-Eondapak Phenyl(30 cm x 4.6 mm) 
column under the following operating conditions: 100% 
solvent A for 8 min, then a linear gradient to 100% solvent 
B for 120 min; solvent A, 0.1% trifluoroacetic acid (TFA) 
in water; Solvent B, 50% acetonitrile in 0.1% aqueous TFA. 
Flow rate was 1.5 ml/min, detector was set at 2.56 absorb- 
ance range at 214nm. Fractions were collected arbitrary 
every 2min with automatic fraction collector (Bio-Rad 
2110). 

In the second step, separation of the biologically active, 
pooled samples was carried out on Supelcosil LC-1 
(25 cm x 4.6 mm) column. Conditions were as follows: 
100% solvent A for 6min, then linear gradient to 100% 
solvent B for 80 min; solvent A and B and other conditions 
were as during primary fractionation. 

Thirdly, further purification of pooled samples was done 
on Supelcosil LC-8 (15 cm x 4.6 mm) column as follows: 
100% solvent A for 8 min then linear gradient to 100% 
solvent B for 120min; Solvent A and B were same as at 
primary fractionation. Flow rate was 1.5 ml/mm and detector 
was set at 1.28 absorbance range at 214nm. Individual 
peaks were collected manually. 

Final purification of biologically active fractions was 
carried out on Waters Protein Pak 125 (30 cm x 7.8 mm) 
column. Operating conditions: 100% solvent A for 8 min 
then linear gradient to 100% solvent B for 80min; solvent 
A was 95% acetonitrile made to 0.01% TFA; solvent B was 
50% acetonitrile in 0.01% aaueous TFA. Flow rate was 
1.5 ml/min and detector was ‘at 0.32 or 0.16 absorbance 
range at 214 nm. Peaks were collected manually. 

Following final purification, the biologically active fraction 
was rerun on the Protein Pak column under similar 
conditions as described above to ensure purity. 

Bioassays 

For the monitoring of biological (myogenic) activity 
heterologous in vitro bioassays were performed. The prepar- 
ation of the Leucophaea hindgut bioassay has been de- 
scribed previously (Cook and Holman, 1978). Dissection of 
Locusta ovaries and preparation of the oviduct and 
bioassays were carried out in Locusta saline as reported 
previously (Paemen et al., 1990). 

Enzymatic analysis 

A dried aliquot containing approximately 1000 head equiv- 
alents of the purified peptide was subjected to an amino- 
peptidase digestion test, before amino acid sequencing. The 
peptide residue was dissolved in 150 ~1 insect ringer solution. 
To 50~1 of the immobilized amidopeptidase M (Pierce 
Chemical Company) containing 0.5 unit/ml, 200~1 insect 
Ringer was added which was centrifuged, resuspended and 

decanted twice. The dissolved peptide was added to the 
aminopeptidase gel suspension. Following the 2 hours incu- 
bation at 37°C the gel was removed from the suspension by 
centrifugation and the supematant was again bioassayed. 
A sample of peptide without aminopeptidase was also 
incubated as a control. In addition, 100 pmole of a blocked 
synthetic peptide, locustapyrokinin was (&hoofs et al., 
199ld) incubated with aminopeptidase as a control for the 
enzymatic reaction. The disappearance of biological activity 
indicated that the N-terminal of the purified peptide was not 
blocked. 

Sequence analysis 

An aliquot of the purified peptide (approximately one 
fourth) was degraded sequentially using Edman degradation 
and the amino acids were converted to the phenylthiodantoin 
(PTH) derivatives with the Applied Biosystems modes 477A 
pulsed liquid phase protein sequencer. PTH amino acids 
were identified with the online mode 120A PTH analyser 
according to the instructions supplied by the manufacturer. 
The natural peptide was quantified according to the 
concentrations measured during sequencing. 

Peptide synthesis 

The chemical synthesis was carried out on solid phase 
with a Biolynxo?“) 4170 peptide synthesizer (Pharmacia LKB) 
using the Fmoc polyamide chemistry (9-fluorenylmethoxy- 
carbonyl amino protecting groups) as described previously 
(Schoofs et al., 199ld). Briefly, the ultrasyn c solid phase 
support with a mild acid labile handle designed specially for 
the synthesis of peptide amides by the Fmoc polyamide 
continuous flow method was used to yield the C-terminal 
amide of the presumed sequence. The following amino acid 
derivatives were used when side chain protection was man- 
dated: Fmoc-L-arginine(Mtr)DHBT, Fmoc-L-threonine- 
(But)DHBT. Cleavage of the peptide and removal of the 
side chain protecting groups was achieved in one step by 
treatment with 95% TFA with 5% anisol as scavenger. 

The synthetic peptide was prepurified on Sep-pak car- 
tridges. Further purification was carried out on a SuperPac 
S column (Pharmacia) (0.4 x 25 cm). Solvent A: 0.1% TFA 
in water; solvent B: 50% acetonitrile in water made to 0.1% 
TFA. Initial conditions 100% solvent A for 8 min, then 
linear gradient to 100% solvent B over 80min. Flow rate 
1.5 ml/min. Detector range 2.5 absorbance units full scale at 
214nm. The collected peak was analyzed by amino acid 
analysis. Aliquots of the purified peptide were run on the 
four different columns that were used for the isolation of the 
natural peptide to compare retention times. 

Amino acid analysis 

The amino acid contents of the purified synthetic peptide 
was determined using the DABS (dimethylaminoazobenne 
sulfonyl chloride pre-column derivatization method) on a 
Beckman System Gold HPLC. Prior to derivatization, 
samples were hydrolysed with aqueous 6N HCl at 120°C 
for 18 h. Samples were derivatized and HPLC analvsed 
according to instructions supplied by the manufacturer. 
The amino acid analysis of the synthetic peptide also allowed 
it to be quantified for use in the bioassay system. 

Threshold concentrations 

Threshold concentrations of synthetic peptide were 
determined by adding known quantities of peptides into the 
bioassay chamber containing the isolated Leucophaea hind- 
gut or the Locusta oviduct. The threshold concentrations 
were determined as the concentration required to evoke an 
observable change (i.e. in frequency, amplitude and/or 
tonus) within 30 seconds. 

RESULTS 

Following the initial HPLC analysis on the 
Waters-p-Bondapak Phenyl column the presence of 
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Fig. 1. HPLC fractionation on Wuters-p-Bondapack-phenyl column of an extract, containing 500 
Neobeflieriu bzdlata head equivalents. Fractions containing inhibitory ( - ) or stimulating ( + ) activity on 
~~cophaea hindgut and/or Locusta ovary bioassay are shown. Inhibitory fraction on ~ucophaea hindgut 

and Locusta oviduct eluting at 72-74 min is indicated. 

16 activating and 1 inhibiting fraction was recorded, 
where the activity was observed either on the Leuco- 
phaea hindgut or on the Locusta oviduct or in both 
assay systems (Fig. 1) (F6nagy et al., 1990, F6nagy 
et al., 1992). The respective, biologically active 
samples were pooled and retained. A total of 84--- 
sufficiently reproducible-HPLC runs, each contain- 
ing approximately 500 head equivalents, were 
required to process the Speed-Vat concentrated and 
dried Sep-pak extracts through the ~-~o~d~pak 
PhertyI column. In the subsequent process, the rela- 
tively small amounts of remaining material allowed 
us to conduct further purification steps with one or 
two passes through the respective columns. 

In this paper we describe the further pu~fication of 
the inhibiting fraction which eluted at 72-74min 

during the initial fractionation (Fig. 1). This fraction 
inhibited both gut and oviduct spontaneous motility. 

Following pooling, Sep-pak purification and 
Speed-Vat concentration the samples were subjected 
to the second purification step. Fractions containing 
biological (inhibiting) activity eluted at 18-20 and 
2&22 min on the LC-1 column, respectively (Fig. 2). 

The separately pooled samples of the two active 
fraction were subjected to the next purification step, 
the LC-8 column separation, where both samples 
(i.e 18-20 and 20-22min fractions of the LC-1 
purification) partially showed the presence of similar 
materials indicating a possible overlap at respective 
areas (Fig. 3). From the third purification step per- 
formed on LC-8 column, however, only one inhibit- 
ing peptide fraction (in two runs) was obtained 

50 40 30 20 10 0 

Time (minutes) 

Fig. 2. Fractionation on Supelcosif LC-1 column of area indicated on Fig. 1. Myoinhibiting activity eluted 
in 2 fractions as indicated, at 18-20 and 20-22 tin, respectively. 
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Fig. 3. Fractionation on Supelcosif K-8 column of area eluting at 18-20 and 20-22 min on Supelcosil 
K-1 column. In both (identical) runs an active fraction at 69 min is indicated. 

eluting at 69 min. When the pooled peaks eluting at 
69 min on the K-8 column (Fig. 3) were purified on 
Protein Pak column the presence of two inhibiting 
peptide fractions were revealed eluting at 36 and 
38 min, respectively (Fig. 4). An aliquot of the peak 
eluting at 36 min was subjected to enzymatic analysis, 

then to amino acid sequencing. The other fraction is 
retained and further studies will be performed later. 

The enzymatic analysis test indicated that the 
N-terminal of the newly isolated peptide was most 
likely not blocked so it was directly subjected to 
amino acid sequencing. One-fourth of the total amount 
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Fig. 4. Fractionation on Waters Protein Pak column of pooled samples indicated on Fig. 3. (X-8 
column) eluting at 36 and 38min. The purified peptide eluting at 36min (indicated) is termed 

neomyosuppressin. 
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Fig. 5. Bioactivit! of the synthetic neomyosuppressin on the spontaneous contraction of the isolated 
Lmcophaea hindgut (a) and Locusta oviduct (b). (a) Administration of approximately 8 x IO-” of 
Neb-MS inhibits spontaneous contraction of hindgut. (b) Administration of approximately 3 x lo-“’ of 
Neb-MS inhibits spontaneous contraction of oviduct. After rinsing with pure saline the base contraction 

pattern returns. 

(b) 
Peptide 

I 

Rinsing 

was used for amino acid sequencing. The primary 
sequence of this peptide was determined to be: Thr- 
Asp-Val-Asp-His-Val-Phe-Leu-Arg-Phe (MW: 1138). 

As it was calculated from the amino acid sequence 
analysis an amount of 240 pmole of neomyosuppres- 
sin, Neb-MS was isolated (not taking into account 
the losses during purification). The threshold level 
of the natural product was 5.2 f 0.7 x lo-” M on 
the Leucophaea hindgut and 3 f 0.6 x lo-” M on the 
Locusta oviduct bioassay. The threshold level of the 
synthetic peptide (amidated form) could be, however, 
much more precisely determined: 8.6 + 0.5 x lo-” M 
concentration resulted in complete gut motility inhi- 
bition, whereas 3.4 f 0.5 x lo-lo M caused oviduct 
spontaneous movement inhibition. Both natural and 
synthetic peptides have similar bioactivity profile 
(Fig. 5). 

The response of the isolated organs to Neb-MS 
was dose dependent and reversible. With increasing 
concentrations a drop in tonus was also observed. 
Following removal of the peptide from the chamber 
the frequency (and tonus) recovered within 3-5 min, 
the amplitude, however, remained depressed for 
longer time. 

DISCUSSION 

We have isolated a new member of insect myo- 
suppressins and/or FM(L)RFamide peptide based 
on consecutive HPLC purification steps. The activity 
of the biological samples were monitored on hetero- 
logous bioassay systems. The employment of such 
heterologous bioassay screening methods has been 
successfully proved in a number of recent similar 
insect neuropeptide isolation, purification works 
(&hoofs et al., 1990a-e; 1991a-d). 

The Neb-MS is the first inhibitory peptide isolated 
from Diptera. Based on previous reports (Holman 
et al., 1986b; Robb et al., 1989) and our present result 
we may conclude, that a separate insect (FLR- 
Famide) myosuppressin subgroup exists, the respect- 

CBP 102/2c-c 

ive peptides originating from different insect groups 
seem to show a very close relationship to some other 
insect inhibitory peptides (Table 1). The members of 
this subgroup have, however, a strikingly different 
structure from the recently isolated locustamyo- 
inhibiting (Lom-MIP) peptide (Schoofs et al., 1991d). 

The first member of this group was isolated from 
L. muderue (Holman et al., 1986b) and this Lem-MS 
has a pGlu residue at the N-terminal end. The next 
identified member, the SchistoFLRFamide (Scg-MS) 
is also a decapeptide differing from the previous 
peptide with only one amino acid, the Pro being the 
N-terminal amino acid (Robb et al., 1989). Both the 
N-terminal pyroglutamate or the occurrence of pro- 
line may be alternative ways of protecting peptides 
from aminopeptidase cleavage during proteolytic 
maturation (Metlein, 1988). Interestingly, recently 
an other inhibitory decapeptide was isolated from 
Locusta migrutoriu from the brain-corpora cardiaca/ 
corpora allata-subesophageal ganglion complexes 
(Lom-MS) (Schoofs, unpublished results) which is 
identical to Scg-MS. This peptide has also the 
characteristic feature to totally inhibit spontaneous 
contraction of isolated Leucophueu hindgut and 
Locustu oviduct preparations. 

As to the modes of action of these myosuppressins 
different conclusions have been drawn. Besides the 
primarily described effect of Lem-MS (i.e. inhibition 
of spontaneous contractile activity of isolated Leuco- 
phueu hindgut), it was recently shown that it attenu- 
ated evoked transmitter release from the presynaptic 
membrane of excitatory motor neurons of Tenebrio 
molitor skeletal muscles (Yamamoto et al., 1988). On 
the other hand, Robb et al. (1989) reported the 

Table 1. Comparison of different insect myosuppressin structures 

L.em-MS pGlu-Asp-Val-Asp-His-Val-Phe-Leu-Arg-PhcNH2 
Scg-MS 
Lom-MS Pro-Asp-Val-Asp-His-Val-Phe-Leu-Arg-PheNH2 

Neb-MS Thr-Asp-Val-Asp-His-Val-Phe-Leu-Arg-PheNH2 
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suppression of spontaneous contractions of the heart 
by SchistoFLRFamide, but they also described the 
potent potentiating effects on the extensor-tibiae 
muscle and long term potentiation effect on the 
amplitude of spontaneous heart contractions of 
S. gregaria. Due to the above diverse effects the name 
was proposed after some aspects of its structure 
rather then after its known functions (Robb et al., 
1989). As for the similar peptide isolated from 
L. migratoria, or for Neb-MS, however, only hindgut 
and ovarian movement inhibitory effects have been 
investigated. These findings may further underline the 
complexity of possible actions of respective peptides 
in different insect and/or assay systems. 
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