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from Solaster dawsoni, which Induced Escape Response in Asterina pectinifera
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Abstract:  Asterina pectinifera flees from the natural predator Solaster dawsoni before contact (avoidance response).
It was suggested that this reaction be generated by chemical substances since A. pectinifera responded to dead Solaster
and itswater extract. Two nucleosides, inosine and guanosine, were isolated from the water extract of Solaster dawsoni.
The authentic samples of two nucleosides did not induce the escape response in A. pectinifera when tested separately.
The reaction was observed by a 1:1 mixture, the same ratio as the natural mixture, of two nucleosides. Although sub-
stances responsible to the avoidance reaction in A. pectinifera have not yet been obtained because mainly of their insta-
bility, two nucleosides were identified in the bioactive fraction obtained from the water extract of S. dawsoni, which

elicited the escape reaction in A. pectinifera.
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I ntroduction

Solaster spp. are deep and cold water species of
asteroids (starfish) with 11 to 15 rays (arms) and
sometimes grown as large as 20 cm in radius (from the
center of the disc to the tip of the longest ray). They
preferably pray on echinoderms including asteroids and a
cannibalistic feeding is also observed?. Our preliminary
field observation and laboratory experiments revealed that
Solaster dawsoni in Mutsu Bay at Aomori Prefectureis a
specialist predator on asteroids and fed on seven asteroid
species, Adsterina pectinifera, Asterias amurensis,
Apbelasterias japonica, Certonardoa semiregularis,
Luidia quinaria, Crossaster papposus, and S dawsoni
(unpublished data). In the laboratory experiments, we
found that A. pectinifera fled from the predator before
contact with it. Similar responses have been reported for
several asteroids, which are prayed by other asteroids™™.
Phillips has differentiated these defensive responses into
two categories, avoidance responses and escape
responses5). According to his definition, avoidance
responses are behavioral reactions resulting from the
detection of distant predators and escape responses are
behavioral reactions resulting from physical contact with
predatorss). Avoidance reactions have been observed
between asteroids and their pray invertebrates, such as

marine snails®19. Defensive responses in pray asteroids
to the predator asteroids reported thus far were
categorized as escape responses. Therefore, we found a
very interesting reaction of A. pectinifera against S
dawsoni since it is the first example of the avoidance
response in the predator-pray interaction between two
asteroid species.

Preliminary experiments in seawater aquaria showed
that the avoidance responsein A. pectinifera to S. dawsoni
is induced by chemica substance(s), because A.
pectinifera responded to a dead S. dawsoni and also to its
water extract (unpublished data). We, therefore, started
the chemical study on the avoidance reaction observed
between A. pectiniferaand S dawsoni. Bioactive fractions
were separated into a low molecular weight amphoteric
fraction and a high molecular weight water-soluble
fraction. The later fraction, which consisted of many
substances, €licited the avoidance reaction, but the
isolation of bioactive substances has not yet been
successful since the bioactivity is lost during separation
procedures. A response in A. pectinifera was induced by
direct contact with the low molecular weight fraction
(escape reaction). Two nucleosides, inosine (1) and
guanosine (2) (Figure 1), were identified as main
components of this fraction.

We report here the assignment of structures and the
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ratio of two nucleosides in the low molecular weight
fraction obtained from the water extract of S dawsoni.
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Figurel. Structuresof inosine (1) and guanosine (2).

Materialsand M ethods

General

NMR spectra were measured on a Varian Unity Inova
500 spectrometer. Mass spectra were obtained by a
Finnigan TSQ 700 triple quadrupole mass spectrometer
(electrospray ionization (ESI) mode) equipped with DEC
2100 data system. High peformance liquid
chromatography (HPLC) was performed using a
Shimadzu LC-VP HPLC system with a PEGASIL ODS
column (4.6 x 250 mm, particle size 8y m, pore size
120A). Inosine and guanosine were purchased from
Kanto Chemical Co., Inc.

Animals

Solaster dawsoni was collected in Mutsu Bay at
Aomori Prefecture by fishing gears and scuba diving and
stored in a freezer at -20°C. Asterina pectinifera was
collected in Mutsu Bay by scuba and skin diving and
maintained in closed circulation aquariaat 10°C.

Bioassay

A water tank (30 x 18 cm) was filled with natural
seawater to a depth of 1.5 cm, and one A. pectinifera of 2
to 3 cm in radius was placed in atank a 10 cm from the
shorter side. After the test animal was settled, 30u L of a
solution of each test sample was introduced by a pipette at
1 cm distant from the terminal tentacle of the starfish. A
behavior of the test animal was observed for 20 min. If the
test animal did not move, 30u L of the same test solution
was contacted directly to the terminal tentacle of the
starfish to see an escape reaction.

Each test sample was dissolved in water to make 1 mg/
mL and 0.1 mg/mL solutions. Water was used as a

negative control.

The experiment was conducted five times for one test
solution with five test animals.

Avoidance and escape responses were placed into one
of four categories by behaviors of the starfish. A "no"
response was recorded if the tested animal did not move
or moved toward a test sample. "Strong", "mild", and
"weak" responses were recorded if the tested animal
moved in the opposite direction of a test sample within
one minute, more than one minute but within four
minutes, and more than four minutes, respectively. A.
pectinifera, showed strong avoidance reactions to the
water extract of S. dawsoni, was selected as the test
animalsfor the bioassay.

Three results of five experiments were adopted by
omitting two experiments of the most and the least active
results to rate the activity of the test sample. If more than
two results of atest sample were the same categories, the
sample was rated as this category. If three results were
placed into three different categories, the bioassay was
repeated with five test animals.

I solation of Bioactive Fractions (Figure 2)

S dawsoni (680 g) was cut into small pieces and
soaked in water (680 mL) for 3 h at 4°C. The water
extract was filtered, and the filtrate was passed through a
Diaion HP-20 column. The column was eluted with
MeOH and evaporated the solvent to give the MeOH
eluate (969 mg). The water layer was lyophilized,
dissolved in water, and filtered. The filtrate was adsorbed
on an ODS column, and the column was eluted with
MeOH-water (gradient). Fr. 3, which elicited the escape
response in A. pectinifera, was subjected to HPLC (ODS)
separation with MeOH-10% acetic acid solution in water
(2:9) to give 11 fractions, and Fr. 37 and Fr. 38 showed the
bioactivity. Fr. 37 was further separated twice by HPLC
with the same solvent mixture to afford pure inosine (1):
ESIMS, m/z559 (2M + Na), 291 (M + Na), 269 (M + H);
14 and 13C NMR data are listed in Table 1. Fr. 38 was
separated by HPLC with the same solvents to give a
mixture of inosine (1) and guanosine (2): ESIMS, m/z 589
(2M + Na), 306 (M + Na), 284 (M + H); *H NMR (D,0),
5 7.81 (H-8), 5.73 (H-1), 455 (H-2), 4.22 (H-3), 4.04
(H-4), 3.67 (H2-5).

Ratio of Inosine and Guanosinein Bioactive Fraction
Ratio of inosine and guanosine in Fr. 3 (50% MeOH-

water eluate from an ODS column) was analyzed by

ESIMS. The (M + H)* ions of inosine (m/z 269) and
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guanosine (m/z 284) were measured by a selected ion
monitor (SIM) mode.

Protease Treatment of Bioactive Fraction

Fr. 1 (2 mg), eluted from an ODS column with water,
was dissolved in water (I mL), and a water solution (0.1
mL) of Pronase E (0.1 mg, MERCK) was added to the
solution. The mixture was incubated at 20°C for 3h at an
ambient pH (6.8). A water solution of Fr. 1 with no
enzyme was incubated at 20°C for 3h as control, which
retained the activity.

Solater dawsoni (680 g)
cut into small pieces
extracted with water (680 mL)
filtered
water extract

| Diaion HP-20 column
[ |

water layer HP-20 column
lyophilized | eluted with MeOH
dissolved in water MeOH eluate
. (inactive)
filtered

ODS column with MeOH-water (gradient)
water | 10-40% MeOH | 50% MeOH | 60-100% MeOH

S ;
100 mg

HPLC
MeOH-10% AcOH aq (1:9)

Fr.

| T 1
[37052mg)| [38@3mg)] 39311

Fr. 3136
HPLC HPLC
(wice) g 38 (3.1 mg)
inosine (1)
(9.1 mg)
Figure2. Separation scheme of bioactive fraction from

Solaster dawsoni.

Results and Discussion

Separation of Bioactive Fractions

The water extract of S. dawsoni, which elicited a strong
avoidance response in A. pectinifera, was subjected to
solid phase extraction with an HP-20 column. The MeOH
eluate from the column did not show abioactivity, and the
avoidance reaction was induced by a non-adsorbed
fraction (water layer). These facts revealed that saponins,
polyhydroxysteroids, and other hydrophobic organic
compounds were excluded from bioactive substances

inducing avoidance or escape response’’13.

The water layer was freeze dried, and the residue was
dissolved in water, filtered insoluble materias off, and
passed through an ODS column. The column was washed
with water and eluted with MeOH-water. The non-
adsorbed solution and water washings were combined and
lyophilized. This fraction (Fr. 1) elicited the strong
avoidance reaction in A. pectinifera, which was lost by
treatment of the fraction with a protease. It is, therefore,
revedled that the avoidance reaction is induced by
peptides/proteins in the water extract of S dawsoni.
Separation of Fr. 1 gave severd bioactive fractions, which
elicited weak to mild avoidance responses. The
bioactivity was lost by further separation procedures.
Isolation of bioactive substances inducing the avoidance
response has thus far not been succeeded.

Fr. 3 obtained from the above ODS column (50%
MeOH-water eluate) elicited weak to mild reaction when
the test solution was touched by the terminal tentacles of
A. pectinifera (escape response). The fraction was,
therefore, further separated to identify the bioactive
substances. HPLC (ODS) of Fr. 3 afforded eleven
fractions, and A. pectinifera showed weak escape
response to Fr. 37 and Fr. 38. These fractions were
separated by HPLC to remove impurities, and the
fractions (Fr. 37" and Fr. 38') retained the bioactivity.

Structures of Nucleosides

The 'H NMR spectra of Fr. 37' and Fr. 38' showed that
both fractions were mixtures of two or more compounds.
The 'H NMR spectrum of Fr. 38' (Figure 3) revealed the
presence of two sets of signas, that is, Fr. 38 was a
mixture of two main compounds. The *H-H correlation
spectroscopy (COSY) spectrum™ of Fr. 38 fromd 2.3 to
6.4 ppm showed the connectivity of carbons ascribed to
two five-carbon sugar units (Figure 4, solid and broken
lines). The presence of sugar units and signals at
aroundd 8 ppm suggested that Fr. 38' was consisted of
two nucleosides.O]

Since the 'H NMR spectrum of Fr. 37" was not clear,
the fraction was further purified by HPLC (ODS). The
isolated compound showed clean H (Figure 5) and *3C
NMR (Figure 6) spectra. The signals observed in Figure 5
were also detected in Figure 3 as a set of smaller signals
(marked by "i" in Figure 3). Chemical shifts of 3C and *H
signals observed in the spectra (Figures 5 and 6) and *H-
'H COSY and heteronuclear multiple bond correlation
(HMBC)™ spectral data are listed in Table 1. H-H
COSY and HMBC data revealed that the sugar unit (C-1'
to C-5) of this compound was ribose and that this
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Figure3. H NMR spectrum (500 MHz in D,0) of Fr. 38'.
The signal due to the solvent was reduced by irradiation at &
4.67.

Numbers show the positions of protonsin guanosine (2).
The signals marked by "i" are ascribable to inosine (1).
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Figure4. 'H-H COSY spectrum (500 MHz in D,0) of Fr. 38,
The signal due to the solvent was reduced by irradiation at & 4.67.
Solid lines show correlations due to the ribose unit of guanosine (2)
Broken lines show correlations due to the ribose unit of inosine (1)
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compound was an N-nucleoside. The structure of this
compound was assigned by the comparison of NMR data
with those of authentic nucleosides. *H and 3C NMR
data for this compound were identical to those for
inosine!®. The assignment was confirmed by ESIMS
spectra of this compound and the authentic sample of
inosine, which showed peaks at m/z 559, 291, and 269
ascribable to (2M + Na)*, (M + Na)*, and (M + H)" ions,
respectively.

3 5
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Figure5. H NMR spectrum (500 MHz in D,0) of inosine (1)
isolated from the water extract of Solaster dawsoni.
The signal due to the solvent was reduced by irradiation at 6

4.67.
Tablel. 3C(125MHz) and *H (500 MHZz) NMR data (D,0)
for inosine (1) isolated from the water extract of
Solaster dawsoni
ct BCsigna | H signa
dc Oy |H-Hcosy| HMBC
2 146.8 8.05 4,6
4 1492 | -
5 1249 | -
6 1593 | -
8 140.9 8.18 4,5
1 89.0 592 | 2 4,82
2 74.7 460 | 1,3 14
3 71.1 425 | 2,4 15
4 86.3 410 | 3,54 5b| 3
5 62.0 (8366 | 4 3.4
(b)3.73 | &4 3

The ESIMS spectrum of Fr. 38' showed smaller peaks
at m/z 291 and 269 due to inosine and larger peaks at m/z
589, 306, and 284, which were identica to the (2M +
Na)*, (M + Na)*, and (M + H)* ions of guanosine. The set

L 1] E L {5 } 1 1] L1 BB [§FY

Figure6. 13C NMR spectrum (125 MHz in D,0) of inosine (1)
isolated from the water extract of Solaster dawsoni.

of smaller signals observed in the *H NMR spectrum of
Fr. 38' (Figure 3, marked by "i") were assigned as those of
inosine, and the set of larger signals was identical to those
of guanosine'®.

Thus, inosine (1) and guanosine (2) were identified as
the components of bioactive fractions, which elicited the
escape response of A. pectinifera. The ratio of two
nucleosides in Fr. 3 was determined by ESIMS with an
SIM modeas 1:1.

Bioactivity

The bioactivity of Fr. 3 and nucleosides was
summarized in Table 2. Authentic samples of inosine and
guanosine did not elicit an escape response in A.
pectinifera when tested separately. A weak escape
response was, however, observed by a 1:1 mixture of two
nucleosides, the same ratio detected in Fr. 3 (Table 2).
These compounds, therefore, act synergistically to elicit
this escape response.

The escape response in A. pectinifera induced by the
solution of Fr. 3 was somewhat stronger than that by the
mixture of authentic samples (Table 2). Fr. 3 may,
therefore, contain small amounts of other substance(s),
probably nucleoside(s), which show synergistic activity to
inosine and guanosine

Saponins and polyhydroxysteroids have been identified
as bioactive substances of asteroids responsible to
avoidance and escape responses in their pray® & 10 17
The results obtained in this study clearly showed that
these substances do not induce the avoidance response in
A. pectinifera against S. dawsoni, since they are adsorbed
on HP-20.

Mayo and Mackie reported that a pray asteroid Asterias
rubens showed escape response to two or three small
amphoteric substances and macromolecular compounds
obtained from the predator asteroid Crossaster
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Table2.  Escaperesponsein Asterina pectinifera by
nucleosides.
rn'?| response of A pectinifera |
test sample’ 1 2 3

Fr.3 m'3 w w weak
inosine w -- -- no
guanosine - -- -- no
mixture w w -- weak
water™# - -- -- no

*1 Five experiments were run separately using each one test
animal for each sample, and the most and the least active
runs were omitted.

*2 Each test sample (1 mg) was dissolved in water (1 mL),
and 30pL of the solution was used for bioassay: Fr. 3, see
Figure 2; inosine and guanosine, authentic samples;
mixture, inosine:guanosine = 1:1.

*3 Determination of categories see Materials and Methods:
m, mild; w, weak; --, no response.

*4 Negative control.

papposus3). They also suggested that the small-molecule
substances might be nucleosides and that these
compounds also act synergistically to induce the escape
responses3). Our results obtained in this study support the
argument of Mayo and Mackie.

Isolation and structure elucidation of peptides/proteins
from S. dawsoni, which licit the avoidance responsein A.
pectinifera, will be the important future study to
understand the predator-pray interaction between these
two asteroids.
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