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INTRODUCTION

The way in which organisms handle xenobiotics is of
prime importance for their survival in the environment.
One of the key cellular processes is biotransformation,
a metabolic process facilitating the excretion of poten-
tially toxic molecules. Located upstream and down-
stream to that process, multixenobiotic resistance
(MXR) is part of a large ‘cellular housekeeping system’
that handles toxic molecules. This excretion mecha-
nism is highly dependent upon non-specific trans-

porters using ATP to expel toxic moieties and residues
(Epel 1998). MXR proteins can transport a wide range
of metabolites and xenobiotics through the cell mem-
brane, resulting in a lower intracellular concentration
of xenobiotics and thus a lower toxic potential, and
play a key role in regulating cellular and tissue levels
of toxic agents (Ambudkar et al. 1999). Several pro-
teins are involved in xenobiotic resistance, but those
most studied in an environmental context are the
P-glycoproteins (Pgp) and proteins from the multidrug
resistance-associated proteins (MRP) family.

© Inter-Research 2011 · www.int-res.com*Corresponding author. Email: emilien_pelletier@uqar.qc.ca

Multixenobiotic resistance in coelomocytes from
three echinoderm species

Émilie Doussantousse1, Émilien Pelletier1,*, Lucie Beaulieu2, 3, 
Louis-Charles Rainville1, Claude Belzile1

1Institut des Sciences de la Mer de Rimouski (ISMER), and 2Département de Biologie, Chimie et Géographie, 
Université du Québec à Rimouski, 310 Allée des Ursulines, Rimouski, Quebec G5L 3A1, Canada

3Institute of Nutraceuticals and Functional Foods (INAF), Université Laval, 2440 Boulevard Hochelaga, Québec, 
Quebec G1V 0A6, Canada

ABSTRACT: Multixenobiotic resistance (MXR) proteins are known to be present in most living
organisms, but only a few studies have been conducted on echinoderms and especially on their cir-
culating cells, the coelomocytes. The objective of the present study was to investigate the presence of
MXR activity in coelomocytes of the sea urchin Strongylocentrotus droebachiensis, the sea star Lept -
asterias polaris and the sea cucumber Cucumaria frondosa. Cells were exposed to fluorescent sub-
strates (1 µM Rhodamine B [RB] or 0.5 µM calcein-AM [CAM]), with or without inhibitors (50 µM ver-
apamil [Ver], 5 µM cyclosporin-A [CsA] and 5 µM MK571 [MK]), and single-cell fluorescence was
measured by flow cytometry. The combinations RB + CsA and RB + Ver induced a fluorescence in -
crease in S. droebachiensis and L. polaris coelomocytes, as well as in S. droebachiensis vibratile cells.
The combination RB + MK induced a fluorescence increase in S. droebachiensis and C. frondosa
coelomocytes. Finally, the combination CAM + MK induced a fluorescence diminution in L. polaris
coelomocytes and S. droebachiensis vibratile cells. This difference in fluorescence incorporation indi-
cated an MXR-like activity in coelomocytes, probably due to the presence of a P-glycoprotein (Pgp)
and a multidrug resistance-associated protein (MRP)-like transporter. Western blot analysis was also
carried out (Ab C219 and Ab C9) in order to detect potential MXR proteins using anti-MXR anti -
bodies. Both Pgp and MRP were detected, but could not be further discriminated. MXR activity was
clearly demonstrated in coelomocytes of S. droebachiensis, L. polaris and C. frondosa, although the
identity of proteins responsible for this activity needs to be confirmed.
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Pgp is known to be the primary active transporter of
unmodified xenobiotics (Zaja et al. 2007), transporting
mostly large and moderately hydrophobic cations (Lit-
man et al. 2001). It is widely distributed in tissues and
has a variety of physiological roles in healthy cells,
such as lipid transport, intracellular cholesterol traf-
ficking and the cytotoxic activity of NK and T cells
(Johnstone et al. 2000). Among the family of MRPs,
MRP1 facilitates the extrusion of numerous gluta -
thione, glucuronate and sulphate conjugates. MRP1 is
a ubiquitous protein taking part in various physio -
logical functions including defence against xeno -
biotics and endogenous toxic metabolites, leukotriene-
 mediated inflammatory responses, as well as pro -
tection from the toxic effect of oxidative stress (Bakos &
Homolya 2007).

A combination of substrates and inhibitors is often
used to indicate MXR activity (Neyfakh 1988, Corn-
wall et al. 1995, Marin et al. 2004). Since some sub-
strates and inhibitors are more specific to one MXR
protein than to another, it is sometimes possible to dis-
criminate the proteins involved. For example, Rho-
damine B (RB) is often used as a Pgp substrate (Minier
& Moore 1996, Reungpatthanaphong et al. 2003, Zaja
et al. 2006) and a similar molecule, Rhodamine 123, is
used as a Pgp- and MRP-like substrate (Hollo et al.
1996, Daoud et al. 2000). Calcein-AM (CAM) is also
known as a substrate for both Pgp-like and MRP-like
proteins, but calcein, its fluorescent hydrolysis prod-
uct, is only a substrate for MRP-like transporters (Hollo
et al. 1996, Essodaïgui et al. 1998). Among the in hi bi -
tors, cyclosporin-A (CsA) is a competitive Pgp in hi bi tor
interacting with the activity site of Vinca alkaloids
(Tamai & Safa 1990, Saeki et al. 1993). Specifically,
CsA is an ATPase inhibitor and induces the perturba-
tion of substrate recognition (Ambudkar et al. 1999).
The verapamil (Ver) involvement in drug resistance
has also been known for a long time (Willingham et al.
1986). Ver stimulates Pgp ATPase activity (M. Müller
et al. 1996), as it is transported by Pgp proteins (Rom-
sicki & Sharom 1999). Although it plays the role of a
substrate, Ver is considered an inhibitor as it rapidly
re-enters the cell after being exported and can, thus,
effectively compete with the export of other endo -
genous or exogenous substrates (Eytan et al. 1996).
Although CsA and Ver are not fully specific inhibitors
of Pgp, as they also interact with MRP1 at micromolar
concentrations (Haimeur et al. 2004), they are still
widely used as reference compounds to detect Pgp
activity (Kagan et al. 2010). The last inhibitor to be
used in this study was MK571 (MK), a leu ko triene D4

receptor antagonist and itself a glutathione conjugate.
MK is the best example of a class of modulators that
are generally specific to MRP-related transporters, but
not to a certain MRP (Haimeur et al. 2004).

The drug resistance phenomenon has been known
for a long time in cancer research (Kessel et al. 1968,
Biedler et al. 1975, Foxwell et al. 1989). Drug resis-
tance in some cases of cancer is caused by the over -
expression of one or several proteins, leading to the
failure of chemotherapy. The main drug resistance
proteins are Pgp, the MRP family and breast cancer
resistance proteins (BCRPs) (Haimeur et al. 2004).
These proteins are also present in healthy cells, and
the resistance mechanism is widespread among mam-
mals (Johnstone et al. 2000), but also in fish (Hemmer
et al. 1995), insects (Dressen et al. 1988), molluscs and
worms (Holland Toomey & Epel 1993, Cornwall et al.
1995, Köhler et al. 1998), echinoderms (Hamdoun et al.
2004), as well as in vascular plants and unicellular
algae (Dudler & Hertig 1992, Scherer et al. 2008). From
an evolutionary perspective, Pgp and MRPs are well
preserved (Minier et al. 1999, Bard 2000). MRPs only
have a 15% amino acid homology with Pgp (Smital et
al. 2004).

Major MRP activity and minor Pgp activity were
observed in the fertilized eggs and embryos of the sea
urchin Lytechinus anamesus, where electrophoresis
analysis revealed 2 genes coding for reference pro-
teins similar to human MRPs (Hamdoun et al. 2004). To
our knowledge, this is the only documented mention of
a MXR mechanism in an echinoderm species.

Echinoderms occupy a special place in evolution,
and they remain enigmatic, even with recent pro gress
in the study of species evolution (Smith 2008). Based
on their embryonic development features, they are
deuterostomes like the chordates, but their evolution-
ary paths have been distinct for hundreds of millions of
years. Echinoderms are mostly stenohaline organisms
and are found at all depths and salinities. The species
studied here are common in the estuary and in the gulf
of the St. Lawrence River, Canada: the green sea
urchin Strongylocentrotus droebachiensis (class of
echi no ids), the 6-armed sea star Leptasterias polaris
(class of asteroids) and the common sea cucumber
Cucumaria frondosa (class of holothurians). There is
limited information on the way echinoderms handle
xenobiotics and on the role of their coelomocytes. The
aim of the present study was to investigate the pres-
ence of a MXR-like mechanism in echinoderms living
in a northern cold environment, as year-round low
temperatures may induce particular be haviours. The
search for MXR proteins has been conducted in
coelomo cytes sampled from adult or ga nisms. Most
echinoderms have large and extensive body cavities
filled with coelomic fluid and circulating coelomocytes.
At least 6 types of coelomocytes have been identified,
but all types are not present in all species (Chia & Xing
1996), not even in all specimens of the same species
from the same environment (Xing et al. 2008). Most
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coelomocytes are classified as either phago  cytes (or
amoebocytes), spherule cells, progenitor cells, haemo-
cytes, vibratile cells or crystal cells. Coelo mocytes are
of prime importance for echinoderms, as they are
responsible for the immune system, clot formation,
transport of nutrients, gas ex change, nutrient storage,
graft rejection, and clumping and encapsulation of
 foreign bodies (Edds 1993).

MATERIALS AND METHODS

Animals and sampling coelomocytes. Echinoderms
(Leptasterias polaris, Strongylocentrotus droebachien-
sis, Cucumaria frondosa) were sampled in St. Law rence
 Estuary and kept in flow-through tanks for the summer
(June to mid-October) at the ISMER aquaculture labo-
ratory (Ri mouski, Quebec, Canada). L. polaris and S.
droe bachi ensis were fed ad libitum twice a week with
Mytilus sp. and La minaria sp., respectively, whereas a
cocktail of micro algae (Pavlova sp., Isochrysis sp. and
Nanno chlor opsis sp.) was given to C. frondosa. The wa-
ter temperature varied from 0 to 12°C, following sea-
sonal conditions, and salinity was nearly constant at 31.

Coelomic fluid containing coelomocytes was with-
drawn (2.5 ml) into a 5 ml syringe (calibre 23) half pre-
loaded with ice-cold calcium- and magnesium-free
artificial sea water containing 50 mM EDTA (Békri &
Pelletier 2004). Coelomic fluid portions from 9 organ-
isms (with no sex distinction) were pooled to avoid
inter-individual variability and to obtain enough cells
for each experiment. Samples were always obtained in
the morning to minimize daily physiological variation,
and all experiments were repeated 3 times (i.e. 3 dif-
ferent pools of coelomic fluid were used for each treat-
ment). Coelomic fluid was filtered on a 40 µm cell
nylon strainer from VWR Canlab to remove debris and
ag glo me rated cells. The cell concentration was deter-
mined using a haemocytometer (Bright-Line, Neu -
bauer) in light microscopy at 20× magnification.

Chemicals. CsA, RB, Ver, tetrazolium, 3-4,5 di methyl -
 thiazol-2,5 diphenyl tetrazolium bromide salt (MTT),
DMSO and Coomassie blue (R-250) were purchased
from Sigma-Aldrich. CAM was obtained from VWR
Canlab. MK was obtained from Cayman Chemicals.
Focus protease arrest and recombinant murine
C10/CCL6 antibody were purchased from Biolynx.
 Human P-glycoprotein (Pgp/MDR1) membranes and
mouse anti-MRP1 monoclonal antibody C9 were ob -
tained from Pharmigen BD Biosciences. Mouse anti-
Pgp monoclonal antibody C219 was obtained from
Cal bio chem (VWR). Standard ovalbumin was pur-
chased from Fisher-Scientific. MK, CAM and CsA
stock solutions were prepared in DMSO. Final DMSO
concentrations never exceeded 0.01%. Sea water from

the aquaculture laboratory was filtered through 0.2 µm
mesh to obtain filtered sea water (FSW) conserved at
4°C for a maximum of 5 d. MTT solution was prepared
in FSW.

Cytotoxicity test. Cytotoxicity of reagents was tested
with the microculture tetrazolium MTT assay, which is
a first choice for assessing the viability of adherent
cells (Lindl et al. 2005) like coelomocytes. The yellow
tetrazolium MTT is reduced by metabolically active
cells, in part by the action of dehydrogenase enzymes,
to generate the reducing equivalents of purple for-
mazan. The method was adapted for coelomocytes
according to the protocol developed for blue mussel
haemocytes (Marin et al. 2004).

Coelomocytes were exposed to 3 concentrations of
CAM (or RB) with or without inhibitors (Ver, CsA, or
MK) to test the cell toxicity of these treatments. Cells
(600 000) were deposited on a 96-well microplate
(12 wells treatment–1) for 1 h at 10°C in the dark. Free
cells were washed out by aspiration of overlaying
coelomic fluid, and only adhered cells were exposed
for 2 h to substrate solution with or without inhibitors in
FSW. Substrates and inhibitors were then removed,
and wells were rinsed with FSW. Wells were filled with
MTT solution in FSW (final concentration 0.5 mg ml–1)
for 2 h at 10°C. MTT solution was washed out with
FSW, and DMSO was added to wells to dissolve for -
mazan crystals formed in adhering cells (Twentyman
& Lus combe 1987). Absorbance was recorded with
Spectra fluor Plus microplate spectrometer (Tecan).
The ratio between absorbance measured at 535 and
700 nm was used as a measure of cell viability, to avoid
variability due to medium quenching and background
level from a variation of the number of cells in each
well (Supino 1995).

MXR assay. Determination of MXR activity is based
on the use of model MXR inhibitors and substrates.
The choice of substrates and inhibitors was made
according to their affinities for MXR-like proteins, as
previously reported by many authors (Essodaïgui et al.
1998, Litman et al. 2001, Haimeur et al. 2004). RB and
CAM were used as model substrates, each in combina-
tion with 3 inhibitors: Ver, MK and CsA. Based on
results of the cytotoxicity tests described above, the RB
concentration was 1 µM and the CAM concentration
was 0.5 µM. Inhibitor concentrations were 50 µM for
Ver and 5 µM for CsA and MK. Cells were exposed for
2 h to substrates with or without inhibitors (total 3 ml)
in the dark and in FSW, before individual cell fluores-
cence measurements were carried out by flow cyto -
metry (FCM). Treatments were done in triplicate, and
each experiment was repeated 3 times.

Dose–response curves were obtained for the in -
hibitors and the transport of substrates. For the inhibi-
tion of transport, the substrate concentration was fixed
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at 1 µM for RB and at 0.5 µM for CAM. The concentra-
tion of each inhibitor ranged between 0 and 10 µM. No
inhibitor was used for the transport of substrates. The
substrate concentration was between 0 and 1 µM for
CAM and between 0 and 4 for RB. The MXR activity
measurement was as described above, done in tripli-
cate for each combination. Only Leptasterias polaris
and Strongylocentrotus droebachiensis were used for
the dose–response work.

FCM. Single-cell fluorescence was measured by
FCM; 1.9 µm Fluoresbrite beads (Polysciences) were
added to each tube as an internal standard. Cells were
analyzed with an Epics Altra flow cytometer (Beckman
Coulter) fitted with a 488 nm laser operated at 15 mW.
The fluorescence of MXR substrates was measured at
525 ± 20 nm for CAM and at 575 ± 20 nm for RB. The
data were analyzed using Expo32 v. 1.2b software
(Beckman Coulter). Forward scatter (FS) versus side
scatter (SS) plots were used to identify coelomocyte
types (see Fig. 1). The average fluorescence of cells
with FS and SS signals typical of healthy cells was
measured and expressed relative to the fluorescence of
the Fluoresbrite beads. The measured cell fluores-
cence was corrected by subtracting the natural auto-
fluorescence of cells measured without CAM or RB
addition; this auto-fluorescence represented between
0.05 and 18% of the fluorescence of the stained cells,
but generally <10%.

Light and epifluorescence microscopy. The concen-
tration of fluorescing calcein inside organelles in Lept -
asterias polaris coelomocytes (see ‘Discussion: Calcein
incorporation’) was verified by epifluorescence micro-
scopy. Coelomocytes were exposed to 0.5 µM CAM
with and without MK for 3 h in the dark at 10°C. Differ-
ential interference contrast (DIC) and epifluorescence
(Ex 450–490, Em BP 515– 565) images were acquired
with an Axio Observer Z1 inverted microscope (Carl
Zeiss) fitted with an AxioCam MRc5 color camera.

Total proteins analysis, SDS-PAGE and Western
blot analysis. After counting cells, coelomic fluid was
centrifuged at 500 × g for 8 min at 4°C. Pelleted cells
were resuspended in 9 ml Tris buffer (250 mM, pH 7,
and filtered onto 0.2 µm membrane) containing 1%
focus protease arrest. Cells were disrupted by brief
sonication, followed by centrifugation at 14 000 × g for
30 min at 4°C. Supernatant was conserved, and total
proteins were determined using the Coomassie Plus
protein assay kit from Pierce (Thermo Scientific).
Bovine serum albumin (BSA) was used as the standard
(Fraction V, Thermo Scientific). All samples were
stored at –40°C until analysis.

Samples were subjected to SDS-PAGE electro -
phoretic transfer to nitrocellulose and to immuno -
blotting procedures for the detection of Pgp/MDR1 and
MRP1. Haemocyte samples from Mytilus sp. were used

as a positive control, since Pgp activity has been dem -
onstrated in these cells (Marin et al. 2004). Pgp/ MDR1
membranes and recombinant murine C10 (MRP1)
were used as positive controls, while ovalbumin
(0.2 µg) was used as a negative control. SDS-PAGE
was performed under reducing conditions using
NUPAGE 4 to 12% bis-Tris precast gels (Invitrogen) on
a X-Cell Sure Lock Mini Cell system (Invitrogen). Of
the total proteins, 1 and 3 µg were loaded on the gel
for each sample. The protein bands were visualized by
silver staining (Silver Staining Plus kit, Bio-Rad). Fol-
lowing electro phoresis, proteins were transferred to a
poly vinylidene fluoride membrane (PVDF; Bio-Rad) at
130 mA for 60 min using transfer buffer (Invitrogen)
with the Xcell II blot module. The membrane was
blocked overnight at 4°C with 3% non-fat dry milk
phosphate-buffered saline (PBS) solution from an
Amplified Opti-4CN Detection Kit (Bio-Rad). After 2
washes with 0.1% Tween-20 in PBS (PBST), the mem-
brane was incubated for 1 h at ambient  temperature
with mouse anti-Pgp monoclonal antibody C219
(146 µg ml–1) or mouse anti-MRP1 monoclonal anti-
body C9 (250 µg ml–1) in PBST-BSA 1% solution. Each
antibody recognizes a preserved se quence. C219  re -
cognizes the sequences VQEALD and VQAALD (Cal-
biochem, VWR), and C9 particularly recognizes the
amino acid sequence between 864 and 952 (Phar mi -
 gen BD Biosciences). After 4 washes with PBST, the
membrane was incubated for 1 h at ambient tempera-
ture with a goat anti-mouse-IgG-HRP Amplified Opti-
4CN Detection Kit (Bio-Rad) in PBST-BSA 1% (dilution
10 000 times). After a few washes with PBST, the mem-
brane was incubated with Streptavidin-HRP (Bio-Rad)
in PBST-BSA 1% solution. Color was de tected accord-
ing to the Opti-4CN Detection Kit protocol (Bio-Rad).
Pictures were taken with an Alpha-Digidoc system
from Alpha Innotech (Fisher Scientific).

Mass spectrometry (MS) analysis. For each sample,
14 µg of total proteins were loaded on 2 gels for elec-
trophoresis with the above conditions. On the first gel,
the protein bands were visualized by Coomassie
(G-250, Bio-Rad). On the second one, immunotransfer
was done under the conditions described above. In
order to obtain protein identification by mass spec-
trometry, bands of interest were excised from the gel
using a scalpel, placed in an Eppendorf tube and
stored in pure water. MS analysis was done using a
proteomic platform by Centre génomique de Québec
(Quebec, Canada). The excised protein spots were
digested with trypsin using a MassPrep liquid han-
dling robot (Waters) according to the manufacturer’s
specifications and the protocol by Shevchenko et al.
(1996), with some modifications suggested by Havlis et
al. (2003). Briefly, the excised spots were destained
with 50 µl of 50 mM ammonium bicarbonate and 50 µl
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acetonitrile, washed once with 50 µl of 100 mM ammo-
nium bicarbonate and then dehydrated with 50 µl of
acetonitrile. The proteins were subsequently reduced
in gel with 10 mM DTT for 30 min at 37°C and alky-
lated with 55 mM of iodoacetamide for 30 min at room
temperature. Trypsin digestion was performed using
105 mM of modified porcine trypsin (sequencing
grade, Pro mega) at 58°C for 1 h. The digested proteins
were extracted twice, first with 30 µl of 1% formic
acid/2% aceto nitrile, followed by 12 µl 1% formic
acid/50% aceto nitrile.

The recovered peptide extracts were pooled, dried
by vacuum centrifuge and resuspended in 5 µl of 0.1%
formic acid. Peptides were analyzed for protein identi-
fication by MS.

The digested protein samples were introduced into
a tandem mass spectrometer, LTQ linear ion trap
(Thermo Fisher) equipped with a Thermo Surveyor MS
pump (ThermoFisher) using a PicoFrit column BioBasic
C18, with 10 cm × 0.075 mm internal diameter (New
Objective), at a flow rate of 200 nl min–1, with a linear
gradient from 2% acetonitrile in 0.1% formic acid to
50% acetonitrile in 0.1% formic acid over 30 min. Tan-
dem mass spectrometry (MS/MS) spectra were acqui -
red by Xcalibur software Ver. 2.0 (ThermoFisher)
using a data-dependent ac quisition mode. The MS sur-
vey scan was 400 to 2000 m/z and was followed by col-
lision-induced dissociation of the 7 most intense ions
for the LTQ. The internal parameter was set to 30 s for
dynamic exclusion, and the relative collisional frag-
mentation energy was set to 35%.

All MS/MS spectra were analyzed using Mascot
v. 2.2.0 (Matrix Science) for peptide identification.
Mascot was set up to search the Uniref100_12_7_
 Eukaryota _ 2759 database assuming the digestion en -
zyme tryp sin. The following search criteria were used:

2 missed cleavages, the iodoacetamide derivative of
cysteine was specified as a fixed modification and the
oxidation of methionine was specified as a variable
modification. Peptide tolerance was 2.0 Da for the pre-
cursor and 0.5 Da for MS/MS. The Mascot score corre-
sponded to 10x log(p), where p is the probability that
the observed match with a given MS/MS spectra is a
random event. A high score indicates identity of exten-
sive sequence homology.

Statistical analysis. Data analysis and graphs were
performed using SYSTAT 12 and SIGMAPLOT 10
(Systat Software). All data were analyzed by 2-way
ANOVA (experiments × treatments). Homogeneity of
variances was tested using 1-way ANOVA on the
absolute value of residuals. The normality of residuals
was tested using Lilliefors’ test. If the conditions were
not met, ANOVA was performed according to the non-
parametrical approach suggested by Con over (1980).
In this case, ANOVA was done on data transformed in
rank (NP). To indicate a significant difference, p must
be <0.01. Post hoc Tukey’s HSD was carried out.

RESULTS

Cell distribution in coelomic fluid

Not all coelomocyte types are present in all echino-
derms, and their relative proportions may vary be -
tween species and with sampling periods. Only 1 pop-
ulation of coelomocytes was observed in Leptasterias
polaris by FCM (Fig. 1A). This observation is consistent
with previous reports (Kaneshiro & Karp 1980), since
the phagocytic amoebocytes are the most abundant of
circulating coelomocytes in asteroids. Amoebocytes,
red cells and small flagellated cells can be ob served by
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Fig. 1. Flow cytometric signature of the coelomocytes of (A) Leptasterias polaris, (B) Strongylocentrotus droebachiensis and
(C) Cucumaria frondosa illustrated by density plots of forward scatter (FS) vs. side scatter (SS). Warmer colors represent 

regions with higher densitiy of cells
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light microscopy in Strongylocentrotus droe bachiensis
(data not shown), but only 2 populations of coelomo-
cytes could be discriminated by FCM (Fig. 1B). We
considered the small S. droebachiensis vibratile cells,
as they are easy to distinguish from the other coelomo-
cytes (Fig. 1B). Al though several cell types are present
in Cucumaria fron dosa coelomic fluid (Noble 1970),
only 1 general population of cells could be consistently
discriminated and was considered to be coelomocytes
(Fig. 1C).

Cell viability

RB (1 µM), with or without inhibitors, had no effect
on the viability of Strongylocentrotus droe bachiensis
or Leptasterias polaris coelomocytes, as measured by
MTT (data not shown). CAM (0.5 µM), with or without
inhibitors, also had no effect on the viability of S.
droebachiensis coelomocytes, as measured by MTT
(data not shown). However, some combinations of
CAM and inhibitors had a small, although statistically
significant, effect on the viability of L. polaris coelo-
mocytes (p < 0.001; R2 = 0.491; Table 1); CsA induced
a decrease in viability at 10 µM (p = 0.004) and 5 µM
(p = 0.004), and MK induced a viability decrease at
10 µM (p = 0.007). The cell concentration in Cucu -
maria frondosa coelomic fluid was too low to carry out
the microculture tetrazolium MTT assay. Taking into
account the measured cell sensitivity and the con -
centrations commonly used in the literature, 50 µM for
Ver and 5 µM for both CsA and MK were used in all
experiments.

Measurement of MXR-like activity by FCM

RB

Treatments with inhibitors induced an increase of
fluorescence in Strongylocentrotus droebachiensis
coelo mo cytes (NP-2-way ANOVA: p < 0.001; R2 =
0.911; Fig. 2A) and vibratile cells (NP-2-way ANOVA:
p < 0.001; R2 = 0.871; Fig. 2C). All 3 inhibitors induced
a significant fluorescence increase in S. droebachiensis
coelomocytes (p < 0.001, p < 0.001 and p = 0.003, re -
spectively), while only Ver and CsA induced an in -
crease in vibratile cells (both p < 0.001).

Because there was significant interaction between
ex periments and treatments in Leptasterias polaris
coelo mo cytes (NP-2-way ANOVA, experiments ×
treatments: p = 0.004; R2 = 0.834), data for different
experiments are presented separately (Fig. 2B). Ver
(Expt 1, post hoc Tukey: p = 0.007) and MK (Expt 2,
post hoc Tukey: p = 0.002) induced a significant in -
crease of RB ac cumulation in one of the experiments.
CsA induced an in crease of RB accumulation in all
experiments (Expts 1, 2 and 3, post hoc Tukey: p <
0.001, p = 0.008 and p = 0.002, respectively).

A significant interaction between experiments and
treatments was also observed in Cucumaria frondosa
coelomocytes (2-way ANOVA, experiments × treat-
ments: p = 0.001; R2 = 0.946), and data for different ex -
periments are presented separately (Fig. 2D). Inhi bi -
tors induced an increase of RB accumulation, although
not always in a statistically significant way. Ver
induced a significant increase for 2 experiments
(Expts 2 and 3, post hoc Tukey: both p < 0.001). MK in -
duced a significant increase of RB accumulation for all
experiments (Expts 1, 2 and 3, post hoc Tukey: all p <
0.001). CsA induced an increase for 1 experiment
(Expt 3, post hoc Tukey: p < 0.001).

CAM

MK treatment had a significant effect on calcein flu-
orescence in Leptasterias polaris coelomocytes (2-way
ANOVA: p < 0.001; R2 = 0.683) and Strongylocentrotus
droebachiensis vibratile cells (NP-2-way ANOVA: p <
0.001; R2 = 0.792) (Fig. 3B,C). MK induced a significant
decrease of calcein accumulation in L. polaris coelomo-
cytes (post hoc Tukey: p < 0.001; Fig. 3B) and S. droe-
bachiensis vibratile cells (post hoc Tukey: p < 0.001;
Fig. 3C). None of the inhibitors had a significant effect
on S. droebachiensis (2-way ANOVA: p < 0.001; R2 =
0.919; post hoc Tukey failed; Fig. 3A) or Cucu maria
frondosa (2-way ANOVA: p = 0.028; Fig. 3D) coelomo-
cytes, even if a decrease in fluorescence was appar-
ent, but not significant, among definite criterion after
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Treatment Cell viability
(535/700 nm absorbance)

FSW 2.47 ± 0.07
CAM 2.55 ± 0.12
Ver 50 2.62 ± 0.15
Ver 30 2.41 ± 0.14
Ver 10 2.49 ± 0.08
CsA 10* 1.98 ± 0.09*
CsA 5* 2.22 ± 0.06*
CsA 1 2.15 ± 0.09
MK 10* 1.95 ± 0.06*
MK 5 1.95 ± 0.11
MK 1 2.00 ± 0.07

Table 1. Toxicity of calcein-AM (CAM; 0.5 µM) on coelomo-
cytes of Leptasterias polaris. Cells were incubated with 1 µM
substrate, with or without verapamil (Ver; 50, 30 and 10 µM),
MK571 (MK; 10, 5 and 1 µM), or cyclosporin-A (CsA; 10, 5 and
1 µM). Cytotoxicity was measured with MTT in a microplate
(500 000 cells) after 2 h in the dark at 10°C. All values are
means (±SE). *p < 0.01 when compared to the control (1-way 

A NOVA, Tukey post hoc); FSW: filtered sea water
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MK treatment on C. frondosa coelomocytes (post hoc
Tukey: p = 0.031). The incorporation of CAM in L. po-
laris coelomocytes observed by epifluorescence micro-
scopy revealed the presence of fluorescent granules
inside the coelomocytes when the cells were treated
with the inhibitor MK, but also in the absence of the
 inhibitor (Fig. 4).

Dose–response measurements

Dose–response curves for the inhibition of substrate
transport and for the transport of substrates are shown in
Fig. 5. The inhibitor treatments had a significant effect
on substrate fluorescence in Leptasterias polaris coelo-
mocytes (ANOVA: p < 0.001; R2 = 0.823; [MK, Fig. 5A]
and R2 = 0.848 [CsA, Fig. 5B]). The MK concentrations of
5 and 10 µM (Fig. 5A) induced a significant decrease of
calcein accumulation in L. polaris coelomocytes (post hoc
Tukey: p = 0.003 and p = 0.001, respectively). The action

of the inhibitors on substrate accumulation in L. polaris
coelomocytes is described by a hyperbolic decay for MK
(p < 0.0001; R2 = 0.941) and CsA (p < 0.001; R2 = 0.876).
CsA concentrations of 5 and 10 µM (Fig. 5B) induced a
significant increase of RB accumulation in L. polaris (post
hoc Tukey: p = 0.006 and p = 0.01, respectively). The MK
treatment showed no statistically significant effect on
CAM accumulation in Strongylocentrotus droe bach i en -
sis coelomocytes (ANOVA: p = 0.038; R2 = 0.607;
Fig. 5A). In addition, the CsA treatment had no signifi-
cant effect on RB accumulation (p = 0.026; R2 = 0.639; Fig.
5B). Even though no statistical differences were demon-
strated by ANOVA in S. droebachiensis, a clear ten-
dency could be observed. Indeed, the action of the inhi-
bitors on substrate accumulation was described by a
hyperbolic decay for MK (p < 0.01; R2 = 0.743) and a hy-
perbolic increase for CsA (p < 0.01; R2 = 0.769) in S. droe-
bachiensis coelomocytes. No vibratile cells were ob-
served in S. droebachi en sis coelomic fluid on the day of
this experiment. CAM transport (Fig. 5C) was de scribed
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Fig. 2. Flow cytometric measurement of fluorescent Rhodamine B (RB) in (A) coelomocytes of Strongylocentrotus droebachiensis,
(B) coelomocytes of Leptasterias polaris, (C) vibratile cells of S. droebachiensis and (D) coelomocytes of Cucumaria frondosa.
Cells were incubated with 1 µM RB, with or without verapamil (Ver; 50 µM), cyclosporin-A (CsA; 5 µM), or MK571 (MK; 5 µM)
(RB, RB+Ver, RB+CsA, RB+MK, respectively) for 3 h in the dark at 10°C. RB alone was used as the control. Values are means
(±SE) of 3 separate assays in which the treatment was done in triplicate (Panels A & C; 2-way ANOVA, Tukey post hoc on treat-
ments). Three separate assays were done, and values are means (±SE) of triplicates of each treatment (Panels B & D; 2-way 

ANOVA, Tukey post hoc on experiment × treatments). *p < 0.01 when compared to the control
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by a hyperbolic dose–  response relation-
ship in coelomocytes of both L. polaris
(p < 0.0001; R2 = 0.877) and S. droe-
bachiensis (p < 0.0001; R2 = 0.974). RB
transport (Fig. 5D) was described by a
linear dose-response relationship in
coelomocytes of L. polaris (p < 0.0001;
R2 = 0.997) and S. droebachiensis (p <
0.0001; R2 = 0.987). The fluorescence of
vibratile cells was too low to be include
in this figure. The fluorescence of
S. droebachiensis coelomocytes was
 always lower than that of L. polaris
coelomocytes.

Measurement of MXR-like proteins
by SDS-PAGE and Western blot

analysis

Sample proteins were separated by
SDS-PAGE and visualized by silver
staining as well as by immunoblotting
to detect the presence of MXR-like
proteins (Figs. 6 & 7). The bands with a
rapid and intense signal after staining
of the PVDF membrane were associ-
ated with MXR-like proteins if their
molecular weight corresponded to
similar proteins analyzed in other ani-
mal species. The bands identified with
an arrow in Figs. 6B & 7B corre-
sponded to these criteria.

As illustrated in Fig. 6A, silver stain-
ing highlighted many more proteins in
echinoderm samples than in the bivalve
Mytilus sp. Using the anti-MRP1 mono-
clonal antibody C9, 3 main protein
bands were observed in echinoderm
samples, while only 2 were visible in
Mytilus sp. samples (Fig. 6B; indicated
by arrows). The molecular weights of
the 3 main protein bands in Strongylo-
centrotus droebachiensis were >191,
100 and 65 kDa, respectively. Compar-
atively, the stained bands were 190, 100
and 40 kDa in Leptasterias polaris
and Cucu maria frondosa extracts. In
Mytilus sp., they were 100 and 40 kDa.
The signal detected from the control re-
combinant murine C10 was weak
(Fig. 6B; circled band).

Use of the C219 anti-MDR1 anti-
body allowed the detection of 3 main
bands in echinoderms and 2 main
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Fig. 3. Flow cytometric measurement of fluorescent calcein in (A) coelomo-
cytes of Strongylocentrotus droebachiensis, (B) coelomocytes of Leptasterias
polaris, (C) vibratile cells of S. droebachiensis and (D) coelomocytes of Cucu -
maria frondosa. Cells were incubated with 0.5 µM calcein-AM (CAM), with or
without  verapamil (Ver; 50 µM), cyclosporin-A (CsA; 5 µM), or MK571 (MK;
5 µM) (CAM, CAM+Ver, CAM+CsA, CAM+MK, respectively) after 3 h in the
dark at 10°C. CAM alone was used as the control. All values are means (±SE)
of 3 separate assays in which the treatment was done in triplicate. *p < 0.01
when compared to the control; 2-way ANOVA, Tukey post hoc on treatments

Fig. 4. Differential interference contrast and epifluorescence microscopy images
of Leptasterias polaris coelomocytes incubated with 0.5 µM calcein-AM without 

inhibitor (A,B) and with the inhibitor MK571 (C,D)
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bands in Mytilus sp. (Fig. 7B; indicated with arrows).
The observed bands have the same apparent mass as
those de tected using the anti-MRP1 antibody (>191,
100 and 65 kDa for Stron gylo cen tro tus droe bach i -
ensis; 190, 100 and 40 kDa for Leptasterias po  la  ris
and Cucu maria frondosa). The same concordance
between detected bands was ob served in M. edulis.
The 2 antibodies thus appear to have identified the
same bands. In the positive control (human mem-
brane preparation containing Pgp), the antibody
C219 anti-MRP1 detected proteins of 100, 65 and 40
kDa (Fig. 7; Lane 2).

Identification of MXR-like proteins by MS

Several bands were analyzed by MS in order to iden-
tify MXR-like proteins in Strongylocentrotus droe -
bachiensis (191, 170, 100 and 65 kDa), in Cucu maria
frondosa (191, 170, 100 and 40 kDa) and in Leptasterias
polaris (170, 100 and 40 kDa). A protein that could be
as sociated with the MXR/MDR family was found in
S. droebachiensis extract from the 100 kDa band. The
molecular weight of this protein was 96 kDa as estab-
lished by MS/MS spectra using the Mascot program
and it was attributed to a major vault protein (MVP)
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Fig. 5. Fluorescence measurements by flow cytometry of (A) 0.5 µM calcein-AM (CAM) with a dose–response of MK571 (MK),
(B) 1 µM Rhodamine B (RB) with a dose–response of cyclosporin-A (CsA), (C) a dose–response of CAM and (D) a dose–re-
sponse of RB. Cells were incubated for 2 h in the dark at 10°C. Values are means (±SE) of triplicate assays (1-way ANOVA: p <
0.01). *indicate a statistical difference between the concentration and the zero of the dose–response curve (post hoc Tukey:
p < 0.01). A  regression curve (solid line) and its 95% confidence intervals (dotted lines) were drawn for each dose–response 

treatment
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Fig. 7. (A) Silver-stained SDS-PAGE and (B) Western blot of coelomocyte extracts from echinoderms; the following lane descriptions
apply to both. Lane 1: negative control protein ovalbumine (Fischer-Scientific); Lane 2: human membrane Pgp (BD Biosciences);
Lane 3: molecular weight standards SeeBlue Plus2, 4 to 250 kDa (Invitrogen); Lanes 4 & 5: 3 and 5 µg proteins from Strongylocentro-
tus droebachiensis coelomocyte extract; Lanes 6 & 7: 3 and 5 µg proteins from Leptasterias polaris coelomocyte extract; Lanes 8 & 9:
3 and 5 µg proteins from Cucumaria frondosa coelomocyte extract: Lanes 10 & 11: 3 and 5 µg proteins from Mytilus edulis haemocyte
extract. Panel B: the mouse monoclonal antibody C219 was used (Calbiochem). The positive reactions of extracts with antibody are 

indicated by arrows

Fig. 6. (A) Silver-stained SDS-PAGE and (B) Western blot of coelomocyte extracts from echinoderms; the following lane descriptions
apply to both. Lane 1: negative control protein ovalbumine (Fischer-Scientific); Lane 2: recombinant murine partial C10 (Biolynx);
Lane 3: molecular weight standards SeeBlue Plus2, 4 to 250 kDa (Invitrogen); Lanes 4 & 5: 3 and 5 µg proteins from Strongylocentro-
tus droebachiensis coelomocyte extract; Lanes 6 & 7: 3 and 5 µg proteins from Leptasterias polaris coelomocyte extract; Lanes 8 & 9:
3 and 5 µg proteins from Cucumaria frondosa coelomocyte extract: Lanes 10 & 11: 3 and 5 µg proteins from Mytilus edulis haemocyte
extract. Panel B: the mouse monoclonal antibody C9 was used (BDBiosciences Pharmigen). The positive control reaction of multi -

drug resistance-associated proteins is circled, and the positive reactions of extracts with antibody are indicated by arrows
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from the sea urchin Strongylocentrotus purpuratus
(Accession No. Q5EA1J7). The identification was
made from 4 peptides (se quence coverage of 8.4%)
with a Mascot score of 100%.

DISCUSSION

Coelomocytes play a crucial role in all echinoderm
species, as their immune systems are dependent upon
these circulating cells (Chia & Xing 1996). The present
work is the first comparative study of coelomocytes
from 3 different echinoderm species using exactly the
same protocol to assess MXR-like activity. Our study
provides evidence of the presence of MXR activity in
these coelomocytes, but the identity of the proteins
needs to be confirmed by other techniques. Indeed, the
coelomocytes showed MXR activity, as indicated by the
effect of MXR inhibitors on the accumulation of model
MXR substrates (measured by FCM). In addition, West-
ern blot enabled the detection of potential MXR pro-
teins using anti-MXR antibodies, even though the iden-
tity of the proteins could not be  confirmed.

The presence of MXR proteins has already been
reported in various invertebrates, including the sponge
Suberites domuncula (W. Müller et al. 1996), the
marine worm Urechis caupo (Holland Toomey & Epel
1993), as well as in the haemocytes of freshwater (Zaja
et al. 2006) and marine mussels (Minier & Moore 1996,
Marin et al. 2004). Even though there are several stud-
ies available on invertebrate MXR, only 1 study dis-
cussed MXR activity in an echinoderm. Indeed, MRP-
like activity seems to be the major MXR activity in the
eggs and embryos of the sea urchin Strongylocentrotus
purpuratus, even if a low level of Pgp-like activity was
revealed (Hamdoun et al. 2004).

RB incorporation

The presence of a MXR transporter was confirmed in
coelomocytes of all studied echinoderms using RB as a
model substrate. When MXR inhibitors were used, an
in crease of the fluorescence was noted, as previously
re ported for other species (Cornwall et al. 1995, Ker-
boeuf et al. 1999, Hamdoun et al. 2004, Marin et al.
2004, Zaja et al. 2006).

This observed MXR activity could be due to the pres-
ence of both Pgp-like and MRP-like proteins, since, as
previously mentioned, RB is probably transported by
both types of proteins. Regarding the specificity of in -
hibitors (Foxwell et al. 1989, Eytan et al. 1996, Am bud kar
et al. 1999), the combination of RB with CsA and Ver
could highlight a Pgp-like activity in Strongy locentrotus
droebachiensis and Leptasterias polaris coelo     mo   cytes

and in S. droebachiensis vibratile cells, whereas the
combination of RB with MK could highlight the presence
of MRP-like proteins in S. droebachiensis and Cucu -
maria frondosa coelomocytes. MK is specific to the MRP
family (Leier et al. 1994, Gekeler et al. 1995), although,
with the present ap proach, it is not possible to determine
which MRP is involved.

Calcein incorporation

The presence of MXR transporters was also con-
firmed in Leptasterias polaris coelomocytes and Stron -
gy lo centrotus droebachiensis vibratile cells using
CAM as a model substrate. The inhibitor MK induced
a  significant decrease of CAM fluorescence in L. po -
laris coelo  mocytes and S. droebachiensis vibratile cells
(Fig. 3B,C), as well as a similar trend in S. droebach i -
ensis and C. frondosa coelomocytes, although high
variability led to non-significant results (Fig. 3A,D).
This MXR response could be due to the presence of
MRP-like protein, MK being specific to this class of
transporters. MK has previously been used to detect
MRP-like protein transporters in many species
(Gekeler et al. 1995, Wu et al. 2005, Bakos & Homolya
2007, Zaja et al. 2008, Lüders et al. 2009). A decrease of
fluorescence was generally not observed, but has pre-
viously been reported in mussel haemocytes using a
combination of RB and Ver (Svensson et al. 2003). The
results showing a fluorescence decrease could be ex -
plained by localization of the protein involved in the
membranes of intracellular compartments. Based on
tests with the lysosomal volume compartment in mus-
sel haemocytes using the neutral red uptake assay,
Svensson et al. (2003) hypothesized that Pgp was local-
ized in the lysosomal membrane instead of in the cellu-
lar membrane. The presence of Pgp has also been
found in the lysosomal compartment of specialized
cells in the hepato pancreas of the crustacean Carcinus
maenas (Köhler et al. 1998). This is in accordance with
our data, since calcein fluorescence in L. polaris coelo-
mocytes was localized in the intracellular granules, as
ob  served by epifluorescence microscopy with and
without MK (Fig. 4B,D), an indication of MRP-like pro-
teins localized in the membranes of intracellular com-
partments. Actually, Pgp and MRP1 have been identi-
fied on the intracellular membrane in a human cancer
cell line (Bour-Dill et al. 2000, Laochariyakul et al.
2003). The presence of MXR proteins inside the coelo-
mocytes could also be due to the fundamental role of
the coelomocytes, which engulf solid foreign materials
by their cell membrane. Due to the high rate of plasma
membrane turnover associated with the endocytosis
process, the membrane protein turnover should be
high as well. This may explain why Pgp and MRP pro-
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teins could be ob served in the membranes of intra -
cellular compartments.

Our results reveal that the MXR activity of coelomo-
cytes induces a quite complex response toward model
substrates and inhibitors. Not all observations reported
here can be explained by this process, particularly
when comparing the role of cells in which intracellular
MDR was revealed. The coelomocytes (present paper)
and haemocytes (Svensson et al. 2003) are indeed
phago cytic cells, which was not the case for the cancer
cell lines used by Bour-Dill et al. (2000) and Lao chari -
yakul et al. (2003). MXR proteins could be present both
in the plasma membrane and in an inner membrane of
the cell, as illustrated by the scheme in Fig. 8. Follow-
ing this scheme, calcein could be less accumulated
inside the vesicles in the presence of the MRP in -
hibitor, but could still be pumped out of the cell by the
Pgp-like transporters, causing fluorescence dimi nu tion
as observed at the whole cell level by FCM.

Response comparison

This indirect measurement method has been used
for a long time and is still used for the detection of Pgp-
like and MRP-like activities (Neyfakh 1988, Kerboeuf
et al. 1999, Hamdoun et al. 2004, Lüders et al. 2009), as
well as for the detection of MXR/MDR activity (Hol-
land Toomey & Epel 1993, Cornwall et al. 1995, Zaja
et al. 2006, Caminada et al. 2008). The CsA and Ver
are not as specific as first claimed 10 yr ago. Even if
they are still used as a potent Pgp inhibitor by some
authors (Kagan et al. 2010, Wu et al. 2010), there are a

few indications of their transport by MRP1 (Zaja et al.
2007, Kerr et al. 2010). In the present study, all combi-
nations inducing fluorescence change have to be taken
into ac  count. Indeed, through dose–response curves
(Fig. 5), there is strong indication of the presence of 2
different types of MXR activity in coelomocytes. The
first MXR protein was revealed by a decrease of CAM
fluorescence in a MK dose-dependent response in
Stron  gylocentrotus droebachiensis and Leptasterias
po la ris (Fig. 5A). To our knowledge, no information on
the interaction of MK and Pgp was previously avail-
able. MK is linked to the transport inhibition of the
MRP family. As a recent example in invertebrates, the
combination Flura 2/MK571 was used in crustacean
tissues (Lüders et al. 2009) to highlight MRP-like pro-
tein activity. The second MXR protein in the present
study was revealed by the increase of RB fluorescence
in a CsA dose-  dependent response in S. droebachien-
sis and L. polaris. Due to this contrary observation (in -
crease instead of decrease for MK) and the fact that
CsA is a potent Pgp inhibitor, the MXR activity ob -
served here is probably due to the Pgp presence in
coelo mo cytes. As a recent example in invertebrates,
the combination of RB and CsA or Ver was used in gill
tissue of the bivalve Unio pictorum (Zaja et al. 2006) to
highlight Pgp-like protein.

A difference in substrate transport between Strongy-
locentrotus droebachiensis and Leptasterias polaris
was observed, with L. polaris coelomocytes accumulat-
ing more fluorescence (CAM and RB) than S. droe-
bachiensis coelomocytes, despite similar cell size. This
could be due to a lower MXR activity in L. polaris coelo-
mocytes. Additional information, like time course re-
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Fig. 8. Hypothetical scheme of P-glycoprotein (Pgp)-like and multidrug resistance-associated protein (MRP)-like distributions in 
coelomocytes. The presence of MK571 explains the decrease of calcein-AM (CAM) fluorescence
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sponses, would be necessary in a future MXR charac-
terization of echinoderm coelomocytes.

Western blot confirmation of MXR-like proteins in
coelomocytes

Results obtained by Western blot confirmed the pres-
ence of MXR-like proteins in echinoderm coelomo-
cytes. Proteins reacting in Western blot (Figs. 6B & 7B)
were not necessarily the most abundant, as shown by
silver staining (Figs. 6A & 7A). The molecular weights
of the proteins recognized by antibodies were about
the same as described by other authors in inverte-
brates (Cornwall et al. 1995, Roepke et al. 2006).
Never theless, no discrimination between MXRs could
be achieved with this method, because C9 and C219
antibodies seemed to react with targeted proteins of
the same molecular weight. Little information is avail-
able on MXR in echinoderms, and, to our knowledge,
this is the first time these 2 antibodies have been used
on the same extract of echinoderm coelomocytes. The
molecular weights of Pgp and MRP are quite similar
and change with species. For instance, a 135 kDa Pgp
was reported in Corbicula fluminea gills (Waldmann et
al. 1995), while a 170 kDa Pgp was reported in Mytilus
edulis and M. californianus gills (Cornwall et al. 1995,
Minier & Moore 1996) and a 145 and a 220 kDa Pgp
were found in M. galloprovincialis (Galgani et al.
1996), all determined by Western blot with the C219
anti body. Finally, other MRPs, with other molecular
weights, were recognized by C9, although this is an
antibody against MRP1, a 190 kDa protein (Cole et al.
1992). The MRPs are indeed a big family of many
homologues (Borst et al. 1999, Leslie et al. 2001). MRP
members share preserved sections, particularly MRP1,
MRP2, MRP3 and MRP6, for which most amino acids
are shared in common (Leslie et al. 2001).

Glycosylation also plays a role in determination of
the molecular weights of Pgp proteins (Kartner et al.
1985); Strongylocentrotus droebachiensis and Cucu -
ma  ria frondosa coelomocytes contain glycoproteins,
but their molecular weights could not be linked to the
proteins reacting in our Western blot analysis (data not
shown).

MS analysis did not allow us to confirm the presence
of Pgp- or MRP-like proteins or to identify them by
their structure, but this does not necessarily mean
that the proteins are absent from coelomocytes. The
amounts of MXR proteins in comparison with other
proteins in band extracts were too low to be detected
by MS analysis (S. Bourassa, Centre genomique de
Québec, pers. comm.). In order to enable better dis-
crimination of these proteins in MS and Western blot
analyses, immuno precipitation should be performed

as a first step to purify the sample. Furthermore, other
antibodies like MRPm6 or M2I-4 (Sauerborn Klobucar
et al. 2010) and other Western blot methods (utilizing
preincubation of specific peptides according to the
epitopes of antibodies) have to be tested in an attempt
to discriminate the involved proteins. Finding MVP in
the coelomocytes of Strongylocentrotus droebachi -
ensis is new and unexpected. The sea urchin MVP
showed a 20.4% similarity with the human Pgp recog-
nized by Ab-C219, while only a 6.4% similarity was
seen with the human MRP1 recognized by Ab-C9.
Human MRP1 (Accession No. P33527), human Pgp
(Accession No. P08183) and sea urchin MVP (Acces-
sion No. Q5EAJ7) amino acids sequence data were
submitted to BLAST tools from the Swiss Institute of
Bioinformatics (Swiss Prot) libraries to obtain and com-
pare the above percents of similarity.

MVP is the main component of vaults—cytoplasmic
megastructures located near the nucleus of the cell.
MVP is highly preserved in evolution and has been
found in most eukaryotic organisms (Kickhoefer et al.
1996, Steiner et al. 2006). MVP has been identified in
the eggs and embryos of the sea urchin Lytechinus pic-
tus (Hamill & Suprenant 1997). The involvement of
MVP in drug resistance has been proposed (Meschini
et al. 2002, Steiner et al. 2006, Herlevsen et al. 2007),
al though this is still under debate (Mossink et al. 2002,
van Zon et al. 2004). Finding MVP in Strongylocentro-
tus droebachiensis offers a new research perspective,
as the role of MVP in the detoxification processes of
coelomocytes has yet to be explored.

CONCLUSIONS

The coelomocytes in all 3 echinoderms showed MXR
activity. This activity is tentatively attributed to a Pgp-
like transporter in Strongylocentrotus droe bach i en sis
coelomocytes and vibratile cells and in Leptasterias
polaris coelomocytes, as the RB+CsA and RB+Ver com-
binations led to a change in RB accumulation. Another
type of MXR activity was observed with the CAM+MK
combination. This could be attributed to the presence
of MRP-like transporters in Cucumaria frondosa, S.
droebachiensis and L. polaris coelomocytes.

The results of the present study have increased our
knowledge on coelomocyte physiology and on the dif-
ferences be tween echinoderm species. Through the
use of anti-Pgp antibodies and MS, a MVP has been
identified in Stron gylo centratus droebachiensis coelo-
mocytes (in cluding vibratile cells). This raises the
question about the link between MVP and xenobiotic
resistance. Further studies are necessary in order to
learn more about the physiology of coelomocytes and
their MXR activity.
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