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Abstract: Regenerative potential is expressed to a maximum extent in echinoderms. Starfishes are 

well known echinoderms, which are capable of reconstructing external appendages and internal 

organs often subjected to amputation, self-induced or traumatic, rapidly followed by complete 

successful re-growth of the lost parts. The coelomic fluid that bathes the internal organs of starfish is 

rich in molecules involved in cell signaling processes. It was intended to study which of these 

molecules present in the coelomic fluid (bioactive peptides or other low molecular mass compounds) 

could play an important role in the regeneration process of the starfish Marthasterias glacialis. For 

that, a mass spectrometry based approach was used to characterize the molecules present in the 

coelomic fluid of the starfish in the first phase of its regeneration process, a wound-healing phase (48 

hours post-arm tip ablation). None of the spectra obtained from MALDI-TOF/TOF MS and ESI-MS 

showed a fragmentation pattern characteristic for peptides. Instead, asterosaponins were found in 

high concentration levels in the coelomic fluid of regenerating animals. Asterosaponins are one of the 

bioactive secondary metabolites from starfish with known immunological, physiological and 

pharmacological activities, and thus these compounds seem to be promising signaling molecules to 

study the starfish regeneration process. 
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1. INTRODUCTION 

tarfishes (class Asteroidea; phylum 

Echinodermata) are marine invertebrates 

well-known for their remarkable regeneration 

capabilities. This regeneration potential of 

echinoderms allows them to reconstruct their 

external appendages (e.g. spines and tube feet) 

and internal organs (e.g. gonads, gut and 

nervous system), frequently subjected to 

amputation, autotomic (self-induced) or 

traumatic, with complete successful regrowth of 

lost parts [1]. The overall regeneration process 

in echinoderms can be subdivided into three 

main phases: a repair phase, which is a wound-

healing phase; an early regenerative phase; 

and an advanced regenerative phase, with arm 

regrowth. In asteroid arm regeneration, the 

morphallactic process seems to be employed in 

tissue replacement and regrowth, in both post-

traumatic and post-autotomic regenerations, 

due to the absence of a blastema-like structure 

formation as the center of cell proliferation [2]. 

This morphallactic process is a slow process, 

when compared with the epimorphosis of 

crinoids or ophiuroids, with no sign of particular 

increase in cell proliferation at the site of 

regeneration. Only in the late stages of new 

arm tip growth there is an increased 

proliferation, both in the adjacent tissues, such 

as the coelomic epithelium (one of the three 

layers that constitutes the gut of Asteroidea) 

and pyloric caeca. [3]. 

The body cavity of echinoderms is filled with 

coelomic fluid, which bathes the internal organs 

and forms the fluid medium, where the 

coelomocytes (echinoderm immune cells) are 

suspended. The composition of coelomic fluid is 

similar to sea water in dissolved salts and other 

minerals [4]. Since the coelomic fluid bathes all 

the internal organs, is extremely rich in secreted 

molecules, like growth factors, hormones and 

neuropeptides which are involved in cell 

signaling processes. The coelomic fluid is also 

rich in proteins secreted by the coelomocytes or 

the surrounding tissues (such as the radial 

nerve cord), essential for encapsulation of 

S 



2 

 

invasive material and clotting reactions; and 

thus are involved in cell-free (humoral) immune 

responses [1]. The humoral immunity is 

mediated by a wide variety of secreted 

molecules, found in the coelomic fluid, which 

play an important role in the immune response 

of echinoderms. These molecules are capable 

of recognizing, neutralizing or destroying 

foreign material, promoting cell migration and 

agglutination and also are involved in wound-

healing mechanisms. Other immune-active 

chemical compounds with roles in maintaining 

antiseptic environments include saponins and 

saponin-like compounds in starfishes, which are 

active against some Gram-positive bacteria. In 

particular, starfishes express steroidal 

glycosides (asterosaponins) that exhibit 

antifungal and toxicity activities [4]. These 

compounds are frequently studied compounds 

with considerable clinical interest, since they 

showed several physiological, pharmacological 

and immunological activities, such as cytotoxic, 

hemolytic, antiviral, anti-inflammatory and 

ichthyotoxic. In particular, sulfated steroidal 

glycosides (asterosaponins) are one of the 

bioactive secondary metabolites from starfish, 

including M. glacialis, responsible for the 

toxicity of these marine organisms [5]. 

Asterosaponins are constituted by an aglycone 

with 9,11-didehydro- 3β,6α-dihydroxy steroidal 

nucleus; a sulfate group at C(3); and generally 

a side chain with the 20β-OH and 23-oxo 

functions. The oligosaccharide chain, 

commonly made up of five or six sugar units 

with β-oriented structure, and sometimes 

containing also three or four sugar units, is 

always glycosidically linked at C(6). The sugar 

units can be xyloses, galactoses, fucoses or 

quinovoses. Most of the structural diversity is 

confined to the substitution pattern of the side 

chain [5]. 

The main objective of this work was the 

characterization of the cell-free coelomic fluid 

(CFF) from starfish M. glacialis in the first phase 

of its regeneration process, a wound-healing 

phase (48h post-arm tip ablation). It was 

intended to understand if bioactive compounds 

(peptides or other low molecular mass 

compounds) could play an important role in the 

starfish regeneration process. To accomplish 

this, it was used a mass spectrometry based 

approach (using MALDI-TOF/TOF MS and ESI-

MS). 

 

2. MATERIALS AND METHODS 

2.1 Animal trials 

Starfish were collected at low tide on the 

west coast of Portugal (Estoril) and transported 

to “Vasco da Gama” Aquarium (Dafundo, 

Oeiras) where they were kept in open-circuit 

tanks with re-circulating sea water at 15°C and 

33 ‰. They were fed ad libitum with a diet of 

mussels collected weekly at the same site. 

Starfish were visually inspected and only 

selected for the experiments if no previous 

signs of regeneration were present, such as 

different sized arms or arms with epidermal or 

pigmentation defects. Starfish were divided in 2 

groups, one control group and one regenerating 

group, each composed by 6 animals (all of 

similar sizes, with radius ranging from 10 to 13 

cm, measured from the largest arm tip to the 

centre of the oral disc). Regeneration was 

induced by amputation of 2 arm tips per starfish 

and both control and regenerating groups were 

kept throughout the course of the experiments 

in the exact same conditions. The internal fluid 

of the starfish, the coelomic fluid, was collected 

Figure 1 - A sulfated steroidal glycoside (asterosaponin) typical structure. 
Adapted from [6]. 
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by puncturing the animal epidermis at the arm 

tip with a needle and collecting the fluid by 

gravity into an ice cold recipient containing a 

protease inhibitor cocktail (4μM cantharidin; 

4μM staurosporine and 1 mM sodium 

orthovanadate, Sigma) to prevent endogenous 

proteolysis. The average total quantity of 

coelomic fluid collected was 15 mL per animal. 

Starfish coelomic fluid was collected from 

starfish of control and regenerating groups, in a 

wound healing phase, 48h post-arm tip ablation 

(PAA). Low speed centrifugation was used in 

order to separate the coelomic fluid in two 

fractions, the coelomocytes and the cell-free 

coelomic fluid (CFF). Both fractions were stored 

at -80°C until further use. 

2.2 Methods 

2.2.1 Sample preparation 

All the samples (CFF from 12 starfishes, six 

from the control group and the other six from 

the 48h regeneration group) were gradually 

defrosted before analysis (-80, -20 and 4°C), in 

order to avoid thermal-chock. 

2.2.1.1 Ultrafiltration 

10 mL of each sample was subjected to 

ultrafiltration using a pre-rinsed (removal of 

glycerine and sodium azide, by rinsing fill 

volume with deionised water through the 

concentrator) centrifugal filtration unit (20 mL 

sample loading, 5 kDa MWCO, vertical 

polyethersulphone membrane, Vivaspin 20, 

VWR). Centrifugation was carried out for 60 

minutes, at 4°C and 5,400xg (in Biofuge 28 RS 

Heraeus Sepatech
TM

 centrifuge). The high 

molecular mass fraction (V   5 mL) remained 

above the filter was easily recuperated and kept 

at -80°C. The low molecular mass fraction 

(filtrate, V   5 mL) was later processed using 

developed SPE procedure. Each filtrate from 

each starfish was processed in duplicate in the 

SPE cartridges (2 x 2.5 mL). 

 

2.2.1.2 Solid Phase Extraction (SPE) 

Each SPE cartridge (Strata-X 33u polymeric 

reversed phase, 500 mg/3 mL, retention 

capacity 25 mg, Phenomenex) inserted in a 

vacuum manifold, was always conditioned with 

two different solvents before sample loading. 

Three mL of methanol was first applied 

following 3 mL of 5 % (v/v) formic acid. Then, 

2.5 mL of each filtrate was applied onto each 

SPE cartridge. A gradual elution using 1 mL of 

six different solutions (15, 25, 35, 45, 55 and 75 

% (v/v) ACN with 5 % (v/v) of formic acid) was 

performed, collecting each resultant elution 

fraction. SPE cartridges were later washed with 

95 % (v/v) of ACN with 5 % (v/v) of formic acid, 

being regenerated. All the collected SPE 

fractions were vacuum dried (SpeedVac 

concentrator, Thermo) and subsequently re-

suspended in 100 µL of 5 % (v/v) of formic acid. 

2.2.2 MALDI-TOF/TOF MS analysis 

Each SPE elution fractions from all the 

samples were mixed (1:1, v/v) with α-cyano-4-

hydroxycinnamic acid (5 mg/mL in 50 % (v/v) 

ACN with 5 % (v/v) formic acid). Total amount 

of 0.6 µL of each one was directly applied on a 

stainless steel MALDI plate (Applied 

Biosystems), and analyzed in MALDI TOF/TOF 

MS (4800 model, Applied Biosystems). Mass 

spectra were acquired in positive MS reflector 

using a Pepmix1 (Applied Biosystems) standard 

to calibrate the instrument. Each reflector MS 

spectrum was collected in a result-independent 

acquisition mode, typically using 1500 laser 

shots per spectra in an 800−4000 m/z range. 

Ten of the strongest precursors were selected 

for MS/MS, with a selection filter, S/Nmin = 20. 

MS/MS analyses were performed using CID 

assisted with air, with a collision energy of 1 kV 

and a gas pressure of 1 x 10
6
 torr. An exclusion 

list was used in order to ignore MS peaks from 

human keratin from trypsin autoproteolysis. A 

total of 2500 laser shots were discharged for 

the acquisition of each MS/MS spectrum. 

Processing and interpretation of the MS spectra 

was performed with 4000 Series Explorer™ 

Software (Applied Biosystems). 

All the spectra obtained were analyzed and 

a list of precursor ions of each elution fraction, 

from all the samples, was accomplished.  

 

2.2.3 ESI tandem MS analysis 

Re-suspended SPE fractions obtained 

before were pooled, within the same 

experimental group, for each % of ACN, 

obtaining sufficient total amount of sample to be 

further analyzed. A total of 12 samples, 6 
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pooled fractions of the control group and 6 

pooled fractions of the regeneration group were 

analyzed in a Finnigan LTQ
TM

 linear ion trap 

mass spectrometer with an ESI source. Before 

analysis, 30 % (v/v) of methanol was added into 

each pooled fraction (total volume   600 µL) in 

order to facilitate the gas phase ion formation 

during the electrospray ionization process. 

ESI-tandem MS spectra were acquired for 

all the SPE elution fractions of both groups. The 

capillary temperature was fixed at 200°C, the 

spray voltage was set to 5 kV and 3.5 kV for 

positive and negative ion mode acquisition, 

respectively. Capillary and tube lens voltage 

were optimized according to the dominant m/z 

value detected in each ion mode. The tune 

values for positive acquisition mode (m/z 1281 

for SPE 55-75% fractions and m/z 309 for SPE 

15-45% fractions) were 45 V and 36 V, 

respectively for capillary voltage and 10 V for 

tube lens voltage.  The tune values for negative 

acquisition mode (m/z 1373) were set to -3 and 

-7 V, for capillary and tube lens voltage, 

respectively. The sample solutions were infused 

at a flow rate of 5 L/min directly into the mass 

spectrometer. Nitrogen was used as sheath and 

auxiliary gas with flow rates of 20 and 10 

arbitrary units, respectively. Mass spectra in full 

scan acquisition mode were acquired within the 

mass range of m/z 100-2000. In case of MS/MS 

analysis the fragmentation of all the selected 

precursors was done by CID using helium as a 

collision gas, with a normalized collision energy 

of 30%, an activation time of 30 ms and a radio-

frequency (activation Q control) of 0.250. All the 

detected m/z values possessing minimum 

normalized intensity of 10 % were considered 

as relevant. Before and between each analysis 

an infusion of methanol was performed in order 

to avoid possible carryover.  ESI-tandem MS 

was controlled by Xcalibur v 2.0 software. 

3. RESULTS AND DISCUSSION 

Coelomic fluid of twelve starfishes, six from 

the control group and the other six from the 

regeneration group, were processed using the 

UF-SPE method. The low molecular mass 

fraction (below 5 kDa) of the CFF was obtained 

by ultrafiltration and then it was processed by 

SPE in order to desalinate and fractionate the 

samples. From SPE, six elution fractions were 

collected per sample, using an increasing order 

of ACN concentration: 15, 25, 35, 45, 55 and 75 

% (v/v) of ACN with 5 % (v/v) of formic acid. 

Samples were first analysed with MALDI-

TOF/TOF mass spectrometer and then with 

ESI-MS. 

3.1 Analysis of CFF using UF-SPE-MALDI-

TOF/TOF MS approach 

From each biological replicate, a list of m/z 

values of ion precursors was generated, 

merging all the duplicates into one m/z value, 

per sample. Due to a wide variability among the 

six biological replicates (of each group) a high 

selection threshold was settled. In the control 

group, only m/z values of ion precursors 

present in four out of six samples were 

considered. In the regeneration group, only m/z 

values of ion precursors present in three out of 

five samples were considered, since one of the 

biological replicates was eliminated from this 

study because it was too different from the 

others, with no sufficient data to analyse (see 

Supplementary Data for a complete list).  

Samples collected from animals in a wound-

healing phase showed increased number of 

detected compounds of approximately 50 %, 

when compared to the control samples. In 

particular, in the regenerating group, for 55 and 

75 % SPE fractions, more m/z values of 

precursor ions were found in the starfish under 

study. This demonstrates the presence of 

significantly higher number of hydrophobic 

compounds in samples under the first phase of 

the regeneration process. Besides that, it is 

important to note that all the compounds 

detected in the control group were found in the 

regenerating group as well. In summary, the 

regenerating group provided higher number of 

precursors due to the presence of novel 

compounds which could be possibly involved in 

the regenerating process of M. glacialis. 

Compounds detected in 15 and 25 % SPE 

fractions (of both groups) showed different 

fragmentation patterns when compared to the 

ones detected in the other four SPE fractions.  
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Figure 2 – MS/MS fragmentation pattern of m/z value of precursor ion 838.97 found in the 15% SPE elution 
fraction of both groups

All the m/z values of precursor ions of 15 

and 25 % fractions, detected in both groups, 

showed the fragmentation pattern illustrated in 

Figure 2, with the same mass losses between 

recursor and product ions. Analyzing Figure 2, 

typically two abundant peaks are detected with 

characteristic mass losses between precursor 

and product ions of 189 and 44 Da (839-

650=189 Da and 839-795=44 Da). As so, a 

presence of peptides with labile post-

translational modifications (PTMs) was taken 

into account. According to this, the loss of 44 

Da can correspond to a peptide carboxylation 

involving asparagine and glutamic acid. 

However the loss of 189 Da is not attributed to 

any studied PTMs. To prove the presence of 

any PTM of peptides in the CFF of the starfish, 

further studies are required.  

All compounds detected in 35, 45, 55 and 75 

% SPE fractions showed a very specific 

fragmentation pattern illustrated in Figure 3. 

Observing Figure 3, tandem MS spectrum 

contains two dominant fragment ions located in 

higher mass range (m/z 600-1000) with mass 

losses between precursor and product ions of 

85 and 137 Da (853-768=85 Da and 853-

716=137 Da). Also, a very particular pattern 

was repeated in every spectrum: a “polymer-

like” series between 100-300 m/z were 

detected. Ions at m/z 179.1, 205.1, 231.1 and 

257.1 are always present in the spectrum, with 

the same mass difference between them (26 

Da). This was not a pattern of any contaminant, 

but specific of unknown compounds present in 

significant amount in the studied coelomic fluid. 

Samples were soon analyzed using ESI-MS. 

 

3.2 Analysis of CFF using UF-SPE-ESI 

tandem MS approach 

To further study the compounds present in the 

CFF, another type of mass spectrometer was 

used. A total of 12 samples, 6 pooled SPE 

fractions of the control group and 6 pooled SPE 

fractions of the regeneration group (15, 25, 35, 

45, 55 and 75 % SPE fractions) were analyzed 

in a Finnigan LTQ
TM

 linear ion trap mass 

spectrometer with an ESI source, in both 

positive and negative ion acquisition mode. The 

sample solutions were directly infused into the 

Figure 3 – MS/MS fragmentation pattern of m/z value of precursor ion 853.4 found in the 45% SPE 
fraction of both groups. 
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mass spectrometer and the tandem MS spectra 

obtained were studied. 

Only two fractions, 55 and 75 % SPE 

fractions, gave reasonable results in both ion 

modes, for control and regenerating groups. 

Based on the isotopic distribution information, 

all of the detected ions are singly charged. In 

accordance with MALDI results, no 

characteristic peptide MS spectra were 

obtained, since it was not observed higher 

charge states or multiple-charging in full scan 

MS spectra.  

In contrast with the MALDI results, those 

obtained with ESI-MS for control and 

regenerating groups, did not show major 

difference between them. Also, with ESI, fewer 

compounds were found in both sample groups, 

which can be explained by the lower sensitivity 

of ESI when compared to MALDI (See 

Supplementary Data for a complete list of m/z 

values of precursor ions detected).  Full scan 

MS spectra showed ten m/z values in control 

group, whereas in the regeneration group eight 

m/z values were observed. According to the 

results obtained, five m/z values of precursor 

ions (with a relative abundance of ≥40 %) were 

found in both samples. 

Full scan MS spectra in both ion modes, 

showed some characteristic peak series with 

two or more peaks located in a higher mass 

range (m/z 1000-1400) increasing their value of 

the same mass difference, typically 14 or 16 Da 

(see Figure 4 and Figure 5). This full MS 

pattern obtained for control and regenerating 

samples, is consistent with the ones found in 

the literature for asterosaponins. The mass 

difference of 14 Da can be attributed to the 

presence of a methoxy group in one of their 

sugar residues. This structural feature is very 

common in asterosaponins isolated from 

starfishes [6].  

To confirm that in fact the compounds 

present in the CFF were asterosaponins, MS
n
 

experiments were conducted to the five 

compounds found in both sample groups (m/z 

values of 1227.5, 1243.5, 1259.6, 1373.6 and 

1389.6). All precursor ions showed similar 

fragmentation patterns in their tandem MS 

spectra.  

From MS
2
 spectrum of precursor ion m/z 

1389.5, a loss of 100 Da [M- 100]
-
 between 

precursor ion and fragment product m/z 1289.6 

was detected. According to the literature [6], 

this corresponds to the loss of a C6H12O 

molecule arising from C(20)-C(22) (see Figure 

1) bond cleavage and 1H transfer (retro aldol 

cleavage), characteristic for asterosaponins 

containing an aglycone with a 20- hydroxy-23-

oxo side chain. Moreover, a loss of 18 Da was 

observed between m/z 1289.6 and m/z 1271.7 

fragmentation ions. This loss may correspond 

to a loss of H20, also described for 

Figure 4 - MS spectra of 55 % fractions, in negative mode, for control (above) and regenerating (below) 
samples. 
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asterosaponins in the literature [7]. From MS
3
 

spectrum, a loss of 146 Da [M- 146]
-
 between 

fragment ion m/z 1289 (from MS
2
) and fragment 

ion m/z 1143 was observed. This indicates a 

loss of a terminal deoxyhexose residue 

(attributable to isomeric fucose or quinovose). 

The same 146 Da loss [M-146-146]
-
 was 

verified for fragment ions m/z 1143 and m/z 

997. Also, a loss of 162 Da [M -146-146-162]
-
 

between m/z 997 and m/z 835, which is 

consistent with a loss of one unit of galactose; 

and another loss of 146 Da [M -146-146-162-

146]
-
 between m/z 835 and m/z 689, were 

detected [6].  

All of these mass losses are in accordance 

with the molecular structure of asterosaponins, 

since the referred ose residues are part of their 

structure. For the other four m/z values of 

precursor ions, the typical asterosaponins 

losses of 100, 146, 162 and 18 Da were 

detected as well. 

In the CFF processed, asterosaponin 

marthasterosides A1 (molecular formula: 

C62H101NaO32S;  1412 Da [8]) was probably 

found, since it was observed a m/z value of 

1389 ([M-Na]
-
) in ion negative mode. Moreover, 

the losses of 3 units of 146 Da (fucose or 

quinovose) and one unit of 162 Da (galactose) 

are consistent with the molecular structure of 

this asterosaponin. Additionally, m/z 1243.5 and 

m/z 1373.6, found in our samples, are reported 

asterosaponins from starfish, both in the form of 

[M-Na]
-
 ions. The first one corresponds to 

thornasteroside A (molecular formula: 

C56H91NaO28S), from Heliaster heliantus, and 

the second is hippasteroside A (molecular 

formula C62H101NaO31S), from Hippasteria 

kurilensis [6] [9]. These asterosaponins were 

also studied in ESI-MS and their fragment mass 

losses detected in the spectra obtained from 

our samples were consistent with the loss of the 

ose residues present in these compounds. 

Hence it is possible that these asterosaponins 

are also present in M. glacialis.  

Since more typical mass losses of 

asterosaponins were found in the tandem MS 

spectra of other two studied compounds (m/z 

1227.5 and m/z 1259.6) it is possible that these 

correspond to some novel asterosaponins that 

have never been described for M. glacialis 

before. 

Based on all the above mentioned results it 

can be concluded that a significant presence of 

asterosaponins was detected in the low 

molecular mass fraction of CFF of both sample 

groups, control and regenerating (in a wound-

healing phase) groups. These compounds 

seem to be promising signaling molecules to 

study starfish regeneration process events. To 

date, there are no studies proving that 

asterosaponins are involved in the regeneration 

process of the starfish.  

Figure 5 - MS spectra of 75 % fractions, in negative mode, for control (above) and regenerating (below) 
samples. 
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So far, studies performed with 

asterosaponins from starfish indicated that they 

possess several bioactive properties such as: 

cytotoxic to tumor cells and viruses; hemolytic 

activity toward erythrocytes of various origins; 

and anti-inflammatory and antifungal activities 

[10]. Moreover, cytotoxic asterosaponins from 

the starfish Culcita novaeguineae were reported 

to promote polymerization of tubulin [11]. 

Agents that promote tubulin polymerization 

exhibit anticancer activity by disrupting normal 

mitotic spindle assembly and cell division as 

well as inducing apoptosis (programmed cell 

death) [12]. So, this may suggest that 

asterosaponins disrupt cell division and induce 

apoptosis, which is essential in the wound-

healing process. Wound-healing involves a 

series of rapid increase in specific cell 

populations that prepare the wound for repair. 

As so, these specific cell types must be 

eliminated from the wound prior to the 

progression to the next phase of healing, which 

can be accomplished through apoptosis, that 

allows the elimination of entire populations 

without tissue damage [13]. Hence, 

asterosaponins may be involved in this cellular 

down-regulation. 

4. CONCLUSIONS 

The main objective of this experimental work 

was the characterization of the cell-free 

coelomic fluid (CFF) of starfish Marthasterias 

glacialis in the first phase of the regeneration 

process, a wound-healing phase. It was 

intended to study what compounds (bioactive 

peptides or other compounds) present in CFF, 

could be involved in the regeneration process of 

the starfish. Control and regeneration samples 

were first ultra-filtrated to obtain a low molecular 

mass fraction (below 5 kDa) and then 

desalinated in solid phase extraction (SPE) 

cartridges. Fractions obtained in SPE (in an 

increasing order of acetonitrile) were later 

analyzed using two mass spectrometers, 

specifically, in MALDI-TOF/TOF and ESI-MS. 

None of the spectra obtained after MALDI-

TOF/TOF MS and ESI-MS analysis provided a 

peptide-characteristic fragmentation pattern. It 

does not necessarily mean that were no 

peptides present in our CFF samples; they 

might be difficult to detect due to several 

reasons: very low concentration levels (below 

the detection limit of the developed method) in 

both groups, control and first phase of the 

regeneration process; interferences with other 

compounds, present in processed CFF, 

resulting in ion suppression effects lowering 

ionization efficiency of target compounds. 

 However, spectra obtained from MALDI-

TOF/TOF suggested a possible presence of 

peptides with labile post-translational 

modifications. According to MALDI-TOF/TOF 

results, CFF samples showed significant 

differences between control samples and 

samples under the first phase of the 

regeneration process. Samples collected from 

regenerating phase demonstrated double 

amount of detected m/z values of precursor 

ions, when compared to the control conditions.  

 Results based on ESI-MS approach, were 

significantly reduced and majority of 

compounds were only detected in negative 

mode. In fact, ESI-MS provided selective 

information on a small group of compounds, 

possibly due to a lower ionization efficiency of 

ESI source compared to MALDI. No significant 

difference in control and regeneration samples 

were observed using ESI-MS.  

 ESI tandem MS approach, used for 

structural characterization of the detected 

compounds, confirmed significant structural 

similarities with asterosaponins. Three 

characteristic mass losses were observed in 

tandem MS spectra of some detected ions. 

These mass losses indicated the presence of 

the following molecules in their structure: 

C6H12O molecule with a 20-hidroxy-23-oxo side 

chain; isomeric quinovose/fucose sugar units; 

and a galactose unit. These molecules are 

present in the asterosaponins structure.  

 Several molecular ions with “asterosaponin-

like” MS/MS fragmentation pattern and m/z 

values matching with intact molecular masses 

of known asteroaponins were detected in the 

processed CFF. Asterosaponin 

marthasterosides A1 ( 1412 Da) was probably 

found, since it was observed a m/z value of 

1389 ([M-Na]
-
) in ion negative mode, and the 

mass losses found in MS
n
 spectra were 

consistent with the structure of this 

asterosaponin.  Moreover, some detected m/z 

values correspond to known m/z values of 

asterosaponins: m/z 1243 and m/z 1373 (found 

in both samples) are reported asterosaponins. 
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The first one corresponds to thornasteroside A 

(Heliaster heliantus) and the second is 

hippasteroside A (Hippasteria kurilensis). Other 

molecular ions with “asterosaponin-like” 

fragmentation patterns were detected without 

matching to any relevant molecular mass 

described in the bibliography. This suggests 

that, besides the known asterosaponins found, 

there are also some novel asterosaponins 

present in studied CFF, that have never been 

described for M. glacialis before. 

 The major spectra obtained from all the 

experiences conducted with the low molecular 

mass fraction of cell-free coelomic fluid of 

control and regeneration samples (in a wound-

healing phase), indicated a significant presence 

of asterosaponins. According to the presented 

results, supported by the number of 

bibliographic information related to 

asterosaponins and its associated 

physiological, pharmacological and 

immunological activities, these compounds 

seem to be promising signaling molecules to 

study the starfish regeneration process. Also, it 

is known that asterosaponins possess anti-

inflammatory activity and these compounds 

may be involved in apoptosis, which are 

essential features for the wound-healing 

process.  
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6. SUPPLEMENTARY DATA 

 

 m/z values of precursor ion obtained from 

each SPE elution fractions, for control group, in 

MALDI-TOF/TOF analysis: 

15% - 822.9; 838.9; 868.2 

25% - 839.1 

35% - 803.4; 829.4; 834.4; 845.5; 859.5; 926.5; 

956.5; 1001.5; 1037.6; 1067.6 

45% - 853.4; 914.5; 950.5; 964.5; 1061.6; 

1172.6; 1283.7; 

55% - 839.5 

 

 m/z values of precursor ion obtained from 

each SPE elution fractions, for regenerating 

group, in MALDI-TOF/TOF analysis (the new 

compounds detected are indicated with *): 

15% - 801.0*; 805.1*; 813.1*; 822.9; 838.9; 

868.2;1034*;1050*; 1065.9* 

25% - 811.1*; 839.1; 861.0*; 938.5* 

35% - 803.4; 829.4; 845.5; 858.4*; 859.5; 

872.4*; 890.5*; 899.5*; 926.5; 940.5*; 956.5; 

969.5*; 983.3*; 1001.5; 1037.6; 1067.6 

45% - 815.5*; 853.4; 867.5*; 914.5; 950.5; 

964.5; 1061.6; 1075.6*; 1172.6; 1283.7; 

55% - 839.5; 914.5*; 950.5* 

75% - 847.4*; 958.5*; 1025.6*; 1136.6*; 1247.7* 

 

 m/z values of precursor ion obtained from 55 

and 75% SPE elution fractions, for control 

group, in ESI-MS analysis, detected in both ion 

modes. The new compounds detected are 

indicated with *. (+) sign indicates positive 

mode ion; (-) sign indicates negative mode ion: 

55% - 1243.5 (-); 1259.6 (-); 1267.5* (+); 

1281.5* (+); 1373.6 (-); 1397.3* (+); 1405.5* (-); 

1413.5* (+) 

75% - 1227.5 (-); 1389.6 (-) 

 

 m/z values of precursor ion obtained from 55 

and 75% SPE elution fractions, for regenerating 

group, in ESI-MS analysis, detected in negative 

ion mode. The new compounds detected are 

indicated with *. 

55% - 1159.5*; 1227.5; 1243.5; 1259.6; 1317.5* 

75% - 1373.6; 1389.6: 1431.6* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


