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Abstract
The molecular complexity of the simple blowfly heart makes it an attractive preparation to
delineate cardiovascular mechanisms. Blowfly cardiac activity consists of a fast, high frequency
signal phase alternating with a slow, low frequency signal phase triggered by pacemakers located
in the posterior abdominal heart and anterior thoracocephalic aorta, respectively. Mechanisms
underlying FMRFamide-related peptides (FaRPs) effects on heart contractions are not well
understood. Here, we report antisera generated to a FaRP, dromyosuppressin (DMS,
TDVDHVFLRFamide), recognized neuronal processes that innervated the blowfly Protophormia
terraenovae heart and aorta. Dromyosuppressin caused a reversible cardiac arrest. High and low
frequency signals were abolished after which they resumed; however, the concentration dependent
resumption of the fast phase differed from the slow phase. Dromyosuppressin decreased the
frequency of cardiac activity in a dose dependent manner with threshold values between 5 fM and
0.5 fM (fast phase) and 0.5 fM and 0.1 fM (slow phase). Dromyosuppressin structure-activity
relationship (SAR) for the decrease of the fast phase frequency was not the same as the SAR for
the decrease of the slow phase frequency. The alanyl-substituted analog TDVDHVFLAFamide
([Ala9] DMS) was inactive on the fast phase, but active on the slow phase, a novel finding. FaRPs
including myosuppressins are reported to require the C-terminal RFamide for activity. Our data
are consistent with the conclusions DMS acts on posterior and anterior cardiac tissue to play a role
in regulating the fast and slow phases of cardiac activity, respectively, and ligand-receptor binding
requirements of the abdominal and thoracocephalic pacemakers are different.
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1. Introduction
Contractions of heart muscle are critical for animal development and health; thus, it is
crucial to understand the molecular mechanisms involved in regulating cardiac activity. The
cardiac pump of the adult blowfly is a contractile tubular vessel composed of a single layer
of myocytes that lies along the dorsal body midline. The cardiac pump or dorsal vessel
consists of a posterior abdominal chambered heart and an anterior thoracocephalic
unchambered aorta [5]. Cardiac activity of the blowfly contractile vessel is a cycle
composed of a high frequency signal period, the fast phase, alternating with a low frequency
signal period, the slow phase [4,6,7,18,35,41]. Neural influence on the two alternating
cardiac phases is established in the blowfly [2,3,40]. The fast phase and the slow phase may
be generated from separate pacemakers located in the posterior abdominal heart and in the
anterior thoracocephalic aorta, respectively [6]. However, no data are reported to describe a
peptidergic innervation of posterior and anterior pacemakers or a molecular mechanism
involved in blowfly cardiac activity.

Myosuppressin was first identified from cockroach head extracts based on the ability of the
peptide to decrease the frequency of spontaneous hindgut contractions [15]. Myosuppressins
also decrease the frequency of heart contractions [38]. Biochemical, immunohistochemical,
and genomic data provide evidence that dromyosuppressin (DMS, TDVDHVFLRFamide)
or a DMS-like material is present in the fruitfly Drosophila melanogaster [23], fleshfly
Neobellieria bullata [13], horn fly and stable fly Haematobia irritans and Stomoxys
calcitrans [17,18], and the blowfly Phormia regina [36]. The myosuppressin consensus
structure is XDVXHXFLRFamide. Myosuppressins are members of a superfamily related
by a common RFamide C terminus to the tetrapeptide FMRFamide first discovered based on
its effect on heart contractions [32]. Members of this superfamily known as FMRFamide-
related peptides (FaRPs) including myosuppressins are reported to date to require RFamide
for activity [14,21,22].

The effects of FaRPs on the frequency and amplitude of cardiac activity are reported in
numerous invertebrates and vertebrates [14,33,34]. However, relatively little is known about
the underlying molecular mechanisms involved in these effects. The molecular complexity
of the simple blowfly heart makes it an attractive preparation in which to delineate
fundamental mechanisms related to regulation of cardiovascular parameters. However, the
effect of a myosuppressin on blowfly heart is not reported. We stained blowfly P.
terraenovae cardiac tissue with DMS antisera. We measured the effect of DMS on the fast
phase and the slow phase of the cardiac cycle over a range of concentrations. We also
determined the activity of a series of DMS alanyl-substituted analogs, a series of DMS N-
terminal truncated analogs, and the DMS free acid analog on the fast phase and the slow
phase of the cardiac cycle in order to gain insight into the structure-activity relationships
involved in the effects of the peptide.

2. Materials and methods
2.1 Flies

Three- to 5-day adult male blowflies obtained from a colony of P. terraenovae reared under
standard conditions were used [1]. The flies were maintained at constant temperature
(24°C), relative humidity (70/80%) and photoperiod (16:8 L:D cycle) conditions, and
deprived of food and supplied with water ad libitum for 24 hours before experiments.

2.2 Immunolocalization
Indirect immunolocalization was performed with polyclonal antisera raised in rabbits
according to the protocol previously described [16]. The antigen, TDVDHV-MAP, where
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MAP represents multiple antigenic peptide [27,31], was designed to the N terminus of DMS,
thus avoiding the common C-terminal RFamide contained in several structurally-related
peptides [23–26]. Tissue was dissected from 3–5 day adult P. terraenovae. The heart or
posterior region of the dorsal vessel remained attached to the body wall; however the aorta
or anterior dorsal vessel and the central nervous system were dissected from the remaining
tissue. Tissue was fixed in 4% paraformaldehyde for 4–6 hours at 4 °C, rinsed in PTN (0.1
M phosphate buffer, pH 7.2, containing 0.3% Triton X-100, 0.1% sodium azide, and 0.1%
bovine serum albumin) for 30 minutes at room temperature, and incubated in primary
antisera overnight at 4 °C. The tissue was rinsed in PTN for 75–90 min and incubated in
Cy3-labelled goat anti-rabbit antibody (Jackson ImmunoResearch Labs; West Grove, PA,
USA) and FITC-labelled phalloidin (Molecular Probes - Invitrogen; Carlsbad, CA, USA) for
4–6 hours at 4 °C. Phalloidin, a toxin that binds actin, was included in order to stain tissue
for enhance visualization of the preparation. The tissue was then rinsed in PTN for 3–4
hours and placed in 4 mM sodium carbonate for 5–10 minutes prior to placing it in 80%
glycerol with 5% n-propyl gallate. The preparation was mounted under a glass coverslip on
a glass microscope slide for analysis. Fluorescence signals were imaged using a BioRad
MRC 600 scanning confocal microscope (Hercules, CA, USA) equipped with a Kr-Ar laser
and attached to a Nikon inverted microscope (Melville, NY, USA). Data z-series were
collected with Comos software and processed with Adobe Photoshop version 6.0 (San Jose,
CA, USA). No fewer than six preparations were analyzed for antisera and second antibody,
antisera (pre-absorbed with antigen) and second antibody, antisera alone, secondary
antibody alone, and no antisera and no second antibody. The results of the controls support
the conclusion that staining is specific to the antisera and not due to cross-reactivity to a
related antigen or to background. However, as with any immunohistochemical analysis, to
unequivocally confirm the nature of the material recognized it would be necessary to isolate
the antisera complex and identify the in vivo antigen.

2.3 Chemicals
Dromyosuppressin (DMS, TDVDHVFLRFamide), alanyl-substituted, truncated and free
acid DMS analogs were synthesized by standard Fmoc protocol with a Protein Technologies
Symphony synthesizer and purified by reversed phase HPLC. The structures of the peptides
were confirmed by amino acid analysis and mass spectrometry. The nomenclature used for
the alanyl-substituted analogs was: ADVDHVFLRFamide, [Ala1] DMS;
TAVDHVFLRFamide, [Ala2] DMS; TDADHVFLRFamide, [Ala3] DMS;
TDVAHVFLRFamide, [Ala4] DMS; TDVDAVFLRFamide, [Ala5] DMS;
TDVDHAFLRFamide, [Ala6] DMS; TDVDHVALRFamide, [Ala7] DMS;
TDVDHVFARFamide, [Ala8] DMS; TDVDHVFLAFamide, [Ala9] DMS, and
TDVDHVFLRAamide, [Ala10] DMS. The nomenclature for N-terminal truncated analogs
was: DVDHVFLRFamide, DMS (2–10); VDHVFLRFamide, DMS (3–10);
DHVFLRFamide, DMS (4–10); HVFLRFamide, DMS (5–10); VFLRFamide, DMS (6–10),
and FLRFamide, DMS (7–10). The structure of the DMS free acid was TDVDHVFLRF-
OH. Peptide and analogs were diluted in series with a blowfly physiological solution [8] to
obtain 10 μM, 1 μM, 0.1 ηM, 1 ρM, 5 fM, 0.5 fM, and 0.1 fM DMS solutions.

2.4 Bioassays
Each fly was fixed dorsal side down on a strip of low-melting-point dental wax (Tenatex;
Imadent, Turin, Italy) and its legs were singly restrained in the wax. These manipulations
were done viewing through a dissection microscope (Wild M5 A; Wild Leitz, Heerbrugg,
Switzerland) provided with an optical fiber lighting system (KL 1500 electronic; Schott,
Wiesbaden, Germany). Cardiac activity was monitored in the intact fly by means of surface
electrocardiographic recording (ECG) as previously described [4], while maintaining
climatic conditions as for rearing the colony. Prior to the recording, a small aperture (about 1
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mm in diameter) was made in the ventrolateral surface of the third abdominal sclerite
through which the solution of the chemical being tested was applied.

Monopolar ECGs were measured using metal electrodes (Ag-AgCl wires, 150 μm
diameter), which were positioned on the fly cuticle with the aid of a pair of
micromanipulators (M3301; Word Precision Instruments (WPI), Sarasota, FL, USA). A
small amount of conductive ECG gel (Ultrasound; Meditec, Parma, Italy) was positioned at
the electrode/cuticle interface to ensure a good electrical contact. The active electrode was
positioned on the ventral cuticle of the second abdominal segment. The grounded reference
electrode was positioned on the thoracic cuticle at the base of a foreleg. The positions of the
electrodes were based on previous investigations [2–4], they are standard and accepted
positions for ECG recordings. The electrode positions allowed the animals to breathe during
the experiment; cardiac activity requires oxygen. Signals were displayed on the screen of a
storage oscilloscope (5111; Tektronix, Beaverton, OR, USA) via a negative capacity
amplifier (FD 223 Dual Differential Electrometer; WPI) and stored on magnetic tape (200T
PCM Data Recorder; A.R. Vetter, Rebersburg, PA, USA). Recordings were later processed
through an integrated system of hardware and software designed to record, display, and
analyze ECG signals (PowerLab/4S; AD Instruments, Castle Hill NSW, Australia).

The ECG was monitored in each fly starting 20 minutes after electrode positioning. If
spontaneous contractions of the body musculature affecting cardiac activity [30,38] still
occurred, additional resting time was allowed until regular fast phase and slow phase were
observed. Thereafter, the ECG was recorded uninterruptedly starting 10 minutes before,
during, and after solution administration. Using a microsyringe with a glass capillary
(Digital Adjust Micro/Pettor; Scientific Manufacturing Industries, Berkeley, CA, USA), 0.5
μl of each of the solutions were applied into the abdominal hemocoel. Due to known
mechanosensory-induced influence on fly heart activity [40], any contact with the
abdominal cuticle was avoided by correctly positioning the injection system with a
micromanipulator (MD4; WPI). Each solution was injected at a volume of 0.5 μl/fly (n =
10). The injection of this volume of blowfly physiological solution, previously tested in 2
groups of 10 flies each, had no effect on cardiac activity (control groups).

2.5 Data analysis
The signal frequencies of the fast phase and the slow phase in the five cardiac cycles were
measured in each fly before injection of an experimental or control material. On the basis of
these frequencies measured before injection frequency percentage variations following the
injection were determined for each phase in each fly corresponding to the cardiac cycle
immediately following the injection (time 0 in the figures) and, at 1 minute intervals, to the
cycles in the following 10 minutes (times 1 to 10 in the figures). Mean values ± standard
errors (SE) of frequency percentage variation/minute following the injection were then
established for each experimental group and their statistical significance was analysed with
Wilcoxon Test.

3. Results
3.1 Myosuppressin immunoreactivity in the dorsal vessel

Dromyosuppressin-like immunoreactivity was observed in cells and processes in the adult
brain, and in processes in the thoracoabdominal ganglia. Processes from the medial superior
protocerebrum cells were observed to send fibers posteriorly along the midline to the region
of the esophageal opening. Several of these fibers extended further posteriorly through the
subesophageal ganglion and innervated the anterior portion of the aorta (Fig. 1). DMS-like
immunoreactivity was also present in two cells located in the posterior abdominal segments.
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These cells were positioned on either side of the midline. DMS antisera-stained
immunoreactive fibers extended anteriorly from these cells to innervate the posterior of the
heart (Fig. 1).

3.2 ECG changes following DMS injection
Injection of 0.5 μl of a 0.1 ηM solution of DMS into an intact fly was followed by a
reversible arrest of ECG activity. In Fig. 2, the electrical signals (hereafter referred to as
signals, y-axis, see figures) recorded from the electrodes during cardiac cycles prior to
injection occurred in alternating phases of higher (fast phase: 5 signals/s) and lower signal
frequencies (slow phase: 4 signals/s). Just a few seconds after the solution was injected,
cardiac arrest occurred, no signals appeared in the recording for a duration of 2 minutes.
This was followed by reversal of fast and slow ECG activity of considerably less amplitude
compared to before the injection. However, after several minutes the activity was still
reduced in amplitude and frequency compared to prior to injection. In the case of fast
activity, signal amplitude was 50% lower both at 6 minutes and at 10 minutes after injection,
while signal frequency was reduced by 20% and 10%, respectively. In the case of slow
activity, signal amplitude was 57% lower both at 6 minutes and at 10 minutes after injection,
while signal frequency was reduced by 40% and 26%, respectively.

3.3 DMS-induced arrest of cardiac activity
In order to determine the effect of DMS on cardiac arrest, various concentrations of the
peptide were injected. At the three highest concentrations - 10 μM, 1 μM and 0.1 ηM -
cardiac arrest was seen in 100% of the animals (n = 10; Fig. 3, A). At the three lower
concentrations − 1 ρM, 5 fM, and 0.5 fM – cardiac arrest was still observed in about 50% of
the animals. However, at 0.1 fM, cardiac arrest was not observed in any animal. Saline
(control, C) injection did not result in cardiac arrest in any animal.

Signal resumed in specimens injected with the 10 μM DMS solution after a period of
cardiac arrest lasting an average of 2.1 ± 0.43 minutes (Fig. 3, B). This period of time
shortened progressively at lower DMS concentrations. The times were 2.1 ± 0.43 minutes,
1.5 ± 0.24 minutes, 1.31 ± 0.29 minutes, 0.99 ± 0.47 minutes, 0.40 ± 0.15 minutes, and 0.15
± 0.07 minutes for 10 μM, 1 μM, 0.1 ηM, 1 ρM, 5 fM, and 0.5 fM, respectively.

3.4 Specificity of DMS on the signal frequency of the fast phase and the slow phase
In order to investigate the effect of DMS on the fast phase and the slow phase of the ECG,
the peptide was injected at various concentrations. Cardiac arrest was reversible. In all cases
cardiac arrest was followed by the resumption of signal. However, the time course of the
reversal varied between the two phases. The time course was dependent on the concentration
of DMS (Fig. 4). The signal frequencies were reduced compared to preinjection values, even
several minutes after the end of the period of cardiac arrest. A marked inhibition of both
cardiac activities was induced by the 10 μM DMS solution, the strong effect of which
continued to appear even after 10 minutes from the injection (39.95 ± 19.03% and 41.60 ±
23.33% reduction for the fast and the slow activity, respectively). In the case of 1 μM, 0.1
ηM, 1 ρM and 5 fM DMS, there was also a marked inhibition of both cardiac activities.
However, the effect on the fast phase ceased within 2 minutes from the injections of 1 μM
and 0.1 ηM solutions, while the effect on the slow phase was observed throughout the entire
recording period (10 minutes). Interestingly, a considerable and prolonged inhibition of the
slow phase only was caused by the 0.5 fM DMS solution, while the fast phase showed no
significant variation. Therefore, a concentration range of the DMS solution between 5 fM
and 0.5 fM corresponded to the threshold value for the inhibitory effect on the fast phase.
The injected solution no longer produced any variation even on slow activity signal
frequency just by reducing the concentration to 0.1 fM. Therefore, a concentration range of
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the DMS solution between 0.5 fM and 0.1 fM corresponded to the threshold value for the
inhibitory effect on slow activity. In the control group, signal frequency in both cardiac
phases was not found to have changed immediately after injection (time 0; Fig. 4), and
showed non-significant oscillations (empty squares and triangles) compared to the
preinjection value in the following 10 minutes.

The effective concentrations for half-maximal effect (EC50s) at 2 minutes were determined
to be 3 ρM for the fast phase and 65 ρM for the slow phase (Fig. 5). During the time interval
from 0 to 2 minutes both the fast phase and the slow phase showed a full range of responses
over the various DMS concentrations used. Thus, values at 2 minutes, a time point in this
interval, were chosen for EC50 calculations.

3.5 Effects of alanyl-substituted DMS and free acid analogs on the fast phase and the slow
phase

The effects of alanyl-substituted DMS analogs and DMS free acid were determined at 1 μM.
This concentration was used because 1 μM DMS caused noticeable but not maximal effects
for the fast phase and the slow phase (Fig. 6). Thus, an analog more agonistic than the parent
peptide might be identified.

The [Ala1] DMS analog decreased the signal frequencies of both the fast phase and the slow
phase similar to the parent peptide (Fig. 6). Cardiac arrest occurred at 0 minutes for both the
fast phase and the slow phase. Similar to DMS, the effect on the frequency of the slow phase
was prolonged throughout the 10-minutes recording period. However, at 2 minutes, the
effect on the fast phase returned to −7.16 ± 3.78% which is approximately the value before
injection. Thus, threonine (T1) was identified as not essential for the effects of DMS on the
frequency of the fast and the slow phases.

None of the remaining nine alanyl-substituted DMS analogs, nor the DMS free acid, led to
important variations in fast phase signal frequency, the maximum reductions of which
amounted barely to 13.55 ± 3.51% and 14.29 ± 5.22% with the DMS analogs [Ala2] DMS
and [Ala9] DMS, respectively (Fig. 6).

Contrary to signal frequency of the fast phase, that of the slow phase was consistently
reduced by the effect of several of the remaining DMS analogs, specifically [Ala2] DMS,
[Ala3] DMS, [Ala4] DMS, [Ala8] DMS, [Ala9] DMS, and [Ala10] DMS. Thus, replacement
of the aspartic acid (position 2), valine (position 3), aspartic acid (position 4), leucine
(position 8), arginine (position 9), and phenylalanine (position 10) with alanine led to a
partial retention of slow activity inhibition. Overall, the effects of the analogs were much
less in comparison to the effects of the un-substituted DMS parent peptide.

Interestingly, only three of all the alanyl-substituted DMS analogs, specifically [Ala5] DMS,
[Ala6] DMS, [Ala7] DMS, and the DMS free acid form caused no variation in the slow
phase signal frequency. Thus, replacement of histidine (position 5), valine (position 6), and
phenylalanine (position 7) with alanine, as well as loss of the amide group led to inactive
analogs.

3.6 Effects of truncated peptide DMS analogs on the fast phase and the slow phase
The effects of truncated analogs were determined at 1 μM (Fig. 7). N-terminal truncations
were used because FaRPs are reported to require the C-terminal amide for activity
[14,21,22]. The DMS (2–10) analog, DVDHVFLRFamide, in which the threonine or the N
terminus is absent, decreased the frequencies of both the fast phase and the slow phase
similar to the parent peptide (Fig. 7). At 0 minutes, the frequency of the fast phase was −84
± 16.02% and the slow phase was −80.9 ± 9.75%. Similar to DMS, the effect on the
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frequency of the slow phase was prolonged throughout the 10-minutes recording period.
Thus, the threonine (T1) was not essential for the effects of DMS on the frequency of the
fast phase and the slow phase.

The N-terminally truncated analogs DMS (3–10), DMS (4–10), and DMS (5–10) did not
arrest the fast phase; they were different from the parent peptide and DMS (2–10). Thus,
aspartic acid (D2), valine (V3), and aspartic acid (D4) were essential for the effects of DMS
on the frequency of the fast phase. In contrast to no effects of these analogs on the fast
phase, the frequency of the slow phase was decreased by these analogs. Specifically, DMS
(3–10), DMS (4–10), and DMS (5–10) decreased the frequency of the slow phase to −43.77
± 13.74%, −25.07 ± 1.11%, and −24.76 ± 10.30% at 0 minutes, respectively. Thus, valine
(V3), aspartic acid (D4), and histidine (H5) were not essential for the effects of DMS on the
frequency of the slow phase. However, DMS (6–10) and DMS (7–10) did not decrease the
frequency of both the fast phase and the slow phase. Thus, valine (V6) and phenylalanine
(F7) were essential for the effects of DMS on the frequency of the fast phase and the slow
phase.

4. Discussion
Cardiac activity is a critical biological process; thus, it is essential to delineate the molecular
mechanisms involved in initiation and control of heartbeat. Peptides play important roles as
regulators of cardiac muscle contractions. Therefore, it is crucial to elucidate peptidergic
mechanisms involved in cardiac activity in order to understand how aberrant peptide
synthesis, expression, or signalling may affect animal development and health.

The cardiac activity of the blowfly P. terraenovae is a good model for the study of heartbeat
because it is composed of a fast phase and a slow phase. Here, we report the first data on
blowfly cardiac peptidergic innervation and control of both the fast phase and the slow
phase. Other publications describe the effects of biogenic amines and peptides on fly
heartbeat [9–11,15,28]. However, to our knowledge, no literature reports on the sites and
mechanisms by which a single peptide acts on fly cardiac tissue to regulate both the fast
phase and the slow phase. Also, no report describes the structure-activity relationship of a
molecular mechanism to produce cardiac arrest, a natural biological phenomenon.

Our immunological and molecular data showed DMS immunoreactive material is present in
posterior and anterior cardiac tissue. Our data also demonstrate exogenously applied DMS
acts at a physiological concentration on the fast phase and the slow phase, likely at two
different pacemakers because of the different SARs, to cause cardiac arrest. Our
immunological staining data show DMS antisera recognized neuronal processes that
innervated the posterior and the anterior of the blowfly dorsal vessel where pacemakers are
known to exist that generate the slow phase and the fast phase of cardiac activity. Thus, our
immunological data are consistent, but not conclusive, with DMS being delivered from a
posterior and an anterior pacemaker to act in the physiological effects we measured on
cardiac activity.

Dromyosuppressin decreased the frequency of both the fast phase and the slow phase in a
dose dependent manner. However, the dynamics of recovery for the fast phase and the slow
phase differed. In addition, our SAR data demonstrate the amino acid residues required for
the effects of DMS on the fast phase and the slow phase are different. These data are
consistent with the conclusion that DMS acts through two different mechanisms to regulate
the fast phase and the slow phase of the cardiac cycle. The D. melanogaster genome
database contains two genes encoding predicted myosuppressin receptors; when the genes
were expressed the proteins bound DMS [12]. The presence of two myosuppressin receptors
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in fruitfly is consistent with, but indirect support of the conclusion DMS acts through two
different mechanisms in blowfly.

The [Ala9] DMS analog in which an alanyl residue is substituted for the arginyl residue was
inactive on the fast phase, yet, active on the slow phase. These are the first data, to our
knowledge, that demonstrate the arginyl residue in myosuppressin is not required which is in
contrast to its requirement for hindgut muscle activity [21] or α-amylase release [22].
However, there are several experimental parameters that should be considered as a possible
basis for the difference; the animals and tissues examined, blowfly heart versus cockroach
gut, and types of assay, in vivo versus in vitro, and heart contractions versus stimulation of
enzyme release. The in vitro ligand-receptor binding conducted on the expressed
myosuppressin proteins did not specifically address the requirement for a C-terminal
RFamide [12]. The molecular explanation for this difference in structure requirement awaits
further investigations including delineating ligand-receptor binding studies and tissue
specificity of the myosuppressin receptors

Our immunohistochemical data show DMS may be delivered to the heart and aorta by
anterior and posterior dorsal vessel. Thus, our bioassay data and immunohistochemical data
are consistent with the conclusion that DMS or a DMS-like material acts at the posterior and
the anterior of the dorsal vessel, the heart and the aorta, respectively, to cause cardiac arrest
by two different molecular mechanisms. The presence of FaRPs throughout the animal
kingdom and the high degree of myosuppressin peptide structure conservation and activity
suggest our findings are broadly applicable to advance the knowledge about the role of these
conserved peptides in animal biology.
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Abbreviations

DMS dromyosuppressin

ECG electrocardiogram

EC50 effective concentration for half-maximal effect

FaRP FMRFamide-related peptide

FMRFamide phenylalanine-methionine-arginine-phenylalanine-NH2

SAR structure-activity relationship
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Fig. 1.
Dromyosuppressin (DMS) immunoreactive fibers innervate the aorta and the heart of the
blowfly. Neurons (far left; enlargement, shown in center) were stained by fluorescently-
labelled DMS antisera in the adult brain (cyanine; red) from which immunoreactive fibers
projected to innervate the anterior of the dorsal vessel (arrows). Fluorescently-labelled
phalloidin (fluorescein; green) was used to enhance the background in order to view the
dorsal vessel. Bilaterally symmetric cells (far right) were stained by DMS antisera from
which immunoreactive fibers projected to innervate the posterior of the dorsal vessel. Scale
bar = 50 μM.
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Fig. 2.
Dromyosuppressin (DMS)-induced changes on the cardiac activity of the blowfly.
Electrocardiogram (ECG) was continuously recorded before, during, and after injection of
0.5 μl of a 0.1 ηM DMS solution. Before injection, the fast phase and the slow phase
alternated regularly in a cardiac cycle (first line). A few seconds after injection (arrow),
there was no signal (second line; continuous recording from first line, see arrowheads). A
recovery of alternating fast phase and slow phase occurred after 2 minutes (third line).
However, signal frequency was reduced compared to before injection even 10 minutes later
(end of the fifth line).
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Fig. 3.
Cardiac arrest after injection of different concentrations of dromyosuppressin (DMS) in the
blowfly. Percentage of flies with arrest (A) and mean value ± SE of duration of cardiac
arrest (B). Each DMS concentration was tested in 10 flies. Saline was applied as a control
(C) in 10 flies. The values were: 2.10 ± 0.43 minutes, 1.50 ± 0.24 minutes, 1.31 ± 0.29
minutes, 0.99 ± 0.47 minutes, 0.40 ± 0.15 minutes and 0.15 ± 0.07 minutes for the 10 μM, 1
μM, 0.1 ηM, 1 ρM, 5 fM and 0.5 fM solutions, respectively.
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Fig. 4.
Signal frequency of fast phase and slow phase after injection of different concentrations of
dromyosuppressin (DMS). Fast phases and slow phases were recorded immediately after
injection (time 0) and continuously for 10 minutes (x-axis, minutes after injection). Signal
frequency (y-axis) is reported as mean value ± SE (percentage variation following injection;
squares, fast phase; triangles, slow phase). Each DMS concentration was tested in 10 flies.
Saline was applied as a control in 10 flies. Filled symbols indicate significance (P < 0.05;
Wilcoxon Test).
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Fig. 5.
Dose dependence of the frequency of the fast phase and the slow phase after injection of
dromyosuppressin (DMS). The effects of DMS on the signal frequencies of the fast and the
slow phases were analyzed with Prism software version 3.0 (Prism Software Corporation,
Irvine, CA, USA). The mean values and standard errors for the fast phase (squares; solid
line) and slow phase (triangles; dashed line) are reported. The effective concentration for
half-maximal effect (EC50) calculated with the software was 3 ρM for the fast phase and 65
ρM for the slow phase.
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Fig. 6.
Signal frequency of fast phase and slow phase after injection of alanyl-substituted
dromyosuppressin (DMS) analogs and DMS free acid. Fast phase and slow phase were
recorded immediately after injection (time 0) and continuously for 10 minutes (x-axis,
minutes after injection). Signal frequency (y-axis) is reported as mean values ± SE
(percentage variation following injection; squares, fast phase; triangles, slow phase). DMS
and each analog (1 μM) were tested individually, using an animal only once, in 10 flies.
Filled symbols indicate significance (P < 0.05; Wilcoxon Test).
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Fig. 7.
Signal frequency of fast phase and slow phase after injection of truncated dromyosuppressin
(DMS) analogs. Fast and slow phases were recorded immediately after injection (time 0)
and continuously for 10 minutes (x-axis, minutes after injection). Frequency (y-axis) is
reported as mean values ± SE (percentage variation following injection; squares, fast phase;
triangles, slow phase). DMS and each analog (1 μM) were tested individually, using an
animal only once, in 10 flies. Filled symbols indicate significance (P < 0.05; Wilcoxon
Test).
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