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Abstract

Characteristics of acyl-coenzyme A (acyl-CoA):steroid acyltransferase from the digestive gland of th€matestrea virginicavere
determined by using estradiol (E2) and dehydroepiandrosterone (DHEA) as substrates. The Eppamedit,ax values for esterification
of E2 with the six fatty acid acyl-CoAs tested (C20:4, C18:2, C18:1, C16:1, C18:0, and C16:0) were in the range,dil EAand
35-74 pmol/min/mg protein, respectively. Kinetic parameters for esterification of DHEA45-120uM; Vmax: 30-182 pmol/min/mg
protein) showed a lower affinity of the enzyme for this steroid. Formation of endogenous fatty acid esters of steroids by microsomes
of digestive gland and gonads incubated in the presence of ATP and CoA was assessed, and at least seven E2 fatty acid esters and fiv
DHEA fatty acid esters were observed. Some peaks eluted at the same retention times as palmitoleoyl-, linoleoyl-, oleoyl/palmitoyl-, and
stearoyl-E2; and palmitoleoyl-, oleoyl/palmitoyl-, and stearoyl-DHEA. The same endogenous esters, although in different proportions,
were produced by gonadal microsomes. The kinetic parameters for bokgE2{uM; Vimax: 38 pmol/min/mg protein) and DHEAx:
61pM; Vimax: 60 pmol/min/mg protein) were similar to those obtained in the digestive gland. Kinetic parameters obtained are similar to those
observed in mammals; thus, fatty acid esterification of sex steroids appears to be a well-conserved conjugation pathway during evolution.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction the whelkNassarius reticulatugl?], and estradiol-induced
vitellogenesis in the pacific oyst@rassostera gigaglL3].
Vertebrate-like sex steroids, e.g. testosterone, androstene- Phase | metabolism of sex steroids, i.e. hydroxylation and
dione, and estradiol, have been found in several groups ofreduction, has been detected in several protostome inverte-
invertebrate$1-5], including molluscg6,7]. Although their brates. The presence of@Q 178-, and $-hydroxysteroid
origin is still a subject of controversy, a number of stud- dehydrogenases have been demonstrated in crustacea, and
ies point to an endogenous source and a physiological roleC17—Czo lyase was found in the gonads of the cr@aan-
of these steroids in molluscs. Evidence in support of this cer pagurus [14,15] Several monohydroxy-testosterone
possibility include the following: (i) several steroid biosyn- metabolites have also been detectedNigomysis integer
thetic pathways present in vertebrates have been identifiedand Daphnia magng5,16], and 1B-hydroxysteroids were
[8-10}, (i) a temporal variation in steroid titers and some demonstrated irHomarus americanu$l7]. In mollusca,
biosynthetic pathways coinciding with reproductive stages the presence of similar steroidogenic enzyme systems
have been foun{B,11]; and (iii) alterations in sexual char- has been described. Steroid reductases and dehydroge-
acteristics or reproduction have been observed when mol-nases were found in the gastropGtione antartica[18],
luscs are exposed to estrogenic or androgenic compoundswhile 173-hydroxysteroid dehydrogenasep-feductase,
e.g. 1-methyl-1,4-androstadiene-3,17-dione caused imposex3a-hydroxysteroid dehydrogenase, and an aromatization
(the imposition of male sexual characteristics in females) in system were found in the snaidkelix aspersg6]. In bivalve
molluscs, the presence of3and 1B-hydroxysteroid de-
hydrogenases, —Cy9 lyase, and &-reductase were also

* Corresponding author. Tek+34-93-4006175; fax:+34-93-2045004.  demonstrated in gonad homogenatesiftilus edulisin-
E-mail addressigjggam@cid.csic.es (G. Janer). cubated with labeled precursof8]. Aromatase activity
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was found in microsomal fractions isolated from the di- (oleoyl-CoA (C18:1), stearoyl-CoA (C18:0), arachinoyl-
gestive gland of the muss#lytilus galloprovincialis[10] CoA (C20:4), palmitoyl-CoA (C16:0), linoleoyl-CoA
and in gonad—digestive gland homogenates of the oyster(C18:2), and palmitoleoyl-CoA (C16:1)) were purchased
Crassostrea gigaf9]. from Sigma. All solvents were of HPLC grade and were
Despite the available information on Phase | metabolism purchased from Fisher Scientific.
of sex steroids in invertebrates, data regarding their conju-
gation are rather limited and based primarily on in vivo ob- 2.2. Tissue preparation
servations. For example, conjugated&hydrotestosterone
was detected in the ovary and the hemolymph of the de- Eastern oystersJ. virginica), 4 years old, were obtained
capod Nephrops norvegicysalthough the nature of the from Prince Edward Island (Canada). They were maintained
conjugate was not describgdl9]. Glucuronyl and sulfate  up to a month in a recirculating saltwater system and fed
conjugates of progesterone metabolites (based on hydrolysidsochrysis galbanand fish food pellets daily until dissec-
procedures) were observed in the gastrofodntarticaaf- tion.
ter exposure to3H]progesterong18]. Several studies have Digestive glands and gonads were dissected, frozen in lig-
shown that other phenolic compounds are conjugated to po-uid nitrogen, and kept at80°C until used. Cellular frac-
lar metabolites with sulfate and glucosyl moieties in inver- tions were prepared as described previol38]. Samples
tebrate§20-24] suggesting that polar conjugates of steroid were homogenized in ice-cold 10mM Tris—HCI, pH 7.6,
hormones are also formed by sulfation and glucosidation. containing 150 mM KCl and 0.5 M sucrose, and centrifuged
Apart from this, apolar conjugation may also play a at 12,000x g for 45min at 4C. After centrifugation at
key role in invertebrates. Recently, apolar conjugation was 100,000« g for 90 min, pellets were washed and centrifuged
shown to be the major pathway of testosterone metabolismfor further 30 min. Finally, the pellet, termed microsomal
(more than 70%) in the sndilyanassa obsoletaxposed to  fraction, was resuspended in 20 mM Tris—HCI, pH 7.6, con-
1uM [*C]testosterone in watdP5]. In addition, several  taining 20% (w/v) glycerol.
invertebrates have been shown to readily convert sterols to  Protein content was determined with the BYAProtein
fatty acid conjugates, although most of the knowledge is re- Assay kit (Pierce Chemical Co.) according to the supplier's
stricted to ecdysteroid26—28] Fatty acid esters of ecdys- instructions using bovine serum albumin as a standard.
teroids are formed enzymatically in various insects species
and are common metabolites in larvae and ad@®s-31] 2.3. Enzyme assays
Also, gastropods have been shown to esterify sterols, such
as cholesterol, brassicasterol, campesterol, sigmasterol, and Assays for the esterification of estradiol and dehy-
B-sitosterol[32,33] droepiandrosterone were based on the method described by
The present work was designed to assess the esterificaXu et al.[37] with slight modifications. Briefly, microsomes
tion (acyl-CoA:steroid acyltransferase activity) of two model (25-100ug protein) were incubated at 3Q for 30 min in
steroids, estradiol and dehydroepiandrosterone, by micro-a final volume of 0.25ml 100 mM sodium acetate buffer,
somal fractions isolated from both the digestive gland and pH 6.0, in the presence of E2 (0.1-5M; 0.05-2uCi)
gonads of the Eastern oysi€rassostrea virginicaThe di- or DHEA (0.1-15QuM; 0.5-2u.Ci) and 10Q.M of a fatty
gestive gland was selected because it is the tissue with aacid acyl-CoA. Endogenous conjugation was assayed in the
major metabolic role in bivalves, and gonads were chosenpresence of 1 mM CoA and 10 mM ATP. The reaction was
because they are considered to be the site for steroid synstopped by the addition of 0.3 ml of ice-cold sodium acetate
thesis. Estradiol and dehydroepiandrosterone were selectedbuffer, pH 6.0, and 4 ml ethyl acetate. The samples were vor-
as model steroids because they are conjugated at differentexed immediately and centrifuged for 10 min at 300Q.
sites: DHEA is conjugated at the 3-OH position, and E2 is The ethyl acetate extract was removed and evaporated to
conjugated at the 17-OH positidB84]. In addition, these  dryness under a stream of nitrogen. Each resulting residue
steroids are normally used when assessing acyl-CoA:steroidwas dissolved in 130l of methanol and analyzed by HPLC.
acyltransferase in vertebrate spedi&s] and, therefore, fa- Separation and measurement of the esterified metabolites
cilitate inter-phyla comparisons. were achieved by HPLC with a Spherisorb ODS column
(5-pm particle size, 250 mm 4.6 mm i.d.). The HPLC sys-
tem consisted of a Waters 600E solvent gradient program-

2. Experimental mer, a Waters Lambda-Max model 481 UV detector, and a
radioactive flow detector3tram from IN/US) as described
2.1. Chemicals by Xu et al.[37]. The solvent system consisted of acetoni-

trile/0.1% acetic acid in blO/methanol. The solvent gradi-
[2,4,6,7,16,1RH]Estradiol (110 Ci/mmol) and [1,2,6,7- ent used for elution of the E2 esters from the column was:
3H]dehydroepiandrosterone (60 Ci/mmol) were purchased 12 min isocratic at 30/6/64; 6 min with a number 10 convex
from NEN Life Science Products Inc. Estradiol, dehydroep- gradient to 60/0/40; 15 min isocratic at 60/0/40; 2 min with
idandrosterone, and the lithium salt of acyl-CoA fatty acids a number 2 convex gradient to 20/0/80; 5min isocratic at
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20/0/80; and the column was then returned to initial condi- of 4.0-9.0 with an optimum around 6.0. Although optimiza-
tions over 15 min. The flow rate was 1.2 ml/min. DHEA es- tion assays were performed at pH 5.0, which was the opti-
ters were eluted in the isocratic mode with 100% methanol mum for mammals, all subsequent assays for the molluscan
at the same flow rate. enzyme were performed at pH 6.0.
In addition, microsomal protein was incubated in the ab-

sence of cofactors (CoAATP or fatty acid acyl-CoA), and
3. Results the formation of E2 esters was also observed, although the
activity measured was 20-fold lower than when a fatty acid
acyl-CoA was added. When assays were performed using
heat-inactivated microsomes (180 for 5min), no esters
were formed.

3.1. Optimization of the esterification assay

The activity of acyl-CoA:steroid acyltransferase in mi-
crosomal fractions isolated from the digestive gland€of
virginica was characterized using estradiol and oleoyl-CoA
as substrates. The assay for E2 esterification was linear upC
to 0.1 mg microsomal protein/ml in the presence of 200 nM
E2 (Fig. 1A), and at least up to 0.4mg/ml in the pres-
ence of 2uM E2 (data not shown). Thereafter, all assays
were performed using 0.1 mg microsomal protein/ml, ex-
cept for endogenous esterification, which was studied using bl
high protein concentrations to achieve high sensitivity (up etentiontime, and the apparéfy andVmax for each of the
to 1 mg/ml). The formation of oleoyl-E2 was measured as different esters are shown ifable 1 K, for all the esters

a function of the incubation time, and the reaction rate was "anged from 9 to 1iM; Vmax differed over two-fold be-
linear for at least 40 minig. 1B). All subsequent incuba- tween esters and ranged from 35 to 74 pmol/min/mg protein.

tions were for 30 min. The reaction rate increased linearly ~R@t€s of conjugation were determined using saturating
with temperature over the range of 2587 (Fig. 10). An or near saturating amounts of E2 (281) and results are
incubation temperature of 3C was selected for all fur- shown inFig. 3. The rate of formation of linoleoyl-E2 con-

ther assays. Finally, the pH dependence of the enzymaticjugates was significantly lower (about two-fold difference,
activity was studied, and its profile is shown fiig. 1D. P < 0.05) than noted with the other esters, which occurred

Acyl-CoA:steroid acyltransferase was active over a pH range &t Similar rates.

3.2. Esterification of estradiol in the digestive gland of
rassostrea virginica

E2 was esterified to the corresponding fatty acid ester
when incubated with any of the six fatty acid acyl-CoAs
used: arachidonoyl-CoA, palmitoleoyl-CoA, linoleoyl-CoA,
oleoyl-CoA, palmitoyl-CoA, and stearoyl-CoAig. 2). The
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Fig. 1. Effect of the amount of microsomal protein in the reaction system (A), the incubation temperature (B), the incubation time (C), and the pH (B)
on acyl-CoA:steroid acyltransferase activity using E2 and oleoyl-CoA as substrates. The concentration of E2 in the assay was 200nM in experiments A
and C and 2pM in experiments B and D.
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Fig. 2. Esterification of estradiol induced by the addition of specific fatty acid acyl-CoAs. In each experimegtpf7Bicrosomal protein was incubated
for 30 min with 25u.M E2 at 30°C.
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Table 1 ]
Retention times of E2 esters and kinetic parameters for esterification of oleoy! T
E2 using different fatty acid acyl-CoAs as cofactors palmitoleoyl 1 =
Ester Retention time Km Vmax . 1

palmitoyl e
Arachidonoyl-E2 24:40 9.4 1.8 55+ 4 . 1
Palmitoleoyl-E2 26:33 11 3 66+ 8 linoleoyl [RH
Linoleoyl-E2 27:15 17+ 5 35+ 4 ' ' ' '
Oleoyl-E2 32:22 15.8t 1.6 53+ 2 0 20 40 60 80 100
Palmitoyl-E2 33:12 10.H 1.9 74+ 6 .
Stearoyl-E2 41:34 123 12 446+ 17 ester-E2 (pmol/min/mg)

Values (mean: S.D.) were obtained from reactions using five concentra- Fig. 3. Esterification of estradiol (38M) with six different fatty acid
tions of E2 ranging from 3 to 5aM. acyl-CoAs. Values are the mednS.E.M. (n = 3).
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1000 Table 2
. Retention times of DHEA esters and kinetic parameters for esterification
900 | | |4 Estradiol of DHEA using different fatty acid acyl-CoAs as cofactors
_ 800 + B Ester Retention time  Kq, Vimax
E 700 7 Arachidonoyl-DHEA 11:51 109t 27 52+ 8
Z 600 - Palmitoleoyl-DHEA 13:14 120+ 16 182+ 14
2 500 Linoleoyl-DHEA 14:15 79+ 17 51+ 5
% ] Oleoyl-DHEA 18:02 45+ 10 30+ 4
g 400 A A Palmitoyl-DHEA 18:29 54+ 6 81+ 4
5 Stearoyl-DHEA 26:38 60k 8 87+ 5
& 300 -
200 | Values (mears: S.D.) were obtained from reactions using five concentra-
tions of DHEA ranging from 3 to 15QM.
100 -
0 ; ; ; ; acid acyl-CoA substrates studied. The appakgnandVmax
0 10 20 30 40 50 for each of the different esters were calculated, and results
Time are shown iffable 2 Ky, values ranged from 45 to 120M,

and Vpmax values ranged from 30 to 182 pmol/min/mg pro-
microsomal protein was incupated in the presence of 200nM E2, 19 mM :I%Ergttea\llvaDsHllcE)vAveCr?[E(;?]nttfzzttI%? Ig; ?era’lltPhee eesstteerrlgiz-ste d
ATP, and 1 mM CoA for 30 min at 30C. A and B: unknown; C: palmi-
toleoyl-E2; D: linoleoyl-E2; E: oleoyl/palmitoyl-E2; F G: stearoyl-E2. (2-7 + 0‘5'f0|d)-
Up to five peaks were observed when microsomal protein
Endogenous esterification of E2 assessed by incubationwas incubated with DHEA in the presence of ATP and CoA
of microsomal fractions in the presence of ATP and CoA (Fig. 5. Peaks C, D, and E were tentatively identified as
resulted in the formation of up to seven peaksg( 4). palmitoleoyl-DHEA, oleoyl/palmitoyl-DHEA, and stearoyl-
Peaks C, D, E, and F G were tentatively identified as DHEA, respectively, whereas peaks A and B are unknown.
palmitoleoyl-E2, linoeloyl-E2, oleoyl/palmitoy-E2, and
stearoyl-E2, respectively, by comparison of their retention 3.4. Esterification of estradiol and dehidroepiandrosterone
times with those obtained in the presence of specific fatty in gonads of Crassostrea virginica
acid acyl-CoA standardsTéble ). Peaks A and B are
unknown. No qualitative differences were observed in the =~ Gonadal microsomes incubated in the presence of ATP
chromatogram profiles when microsomes were incubatedand CoA formed the same number of peaks at similar re-

Fig. 4. Endogenous esterification of estradiol. gg0of digestive gland

in the presence of low (200 nM) and high (261) E2 con- tention times as those detected previously in the digestive
centrations. Esterification rates increased linearly with E2 gland microsomes. However, the profile of the esters was
concentration in the range of 200 nM—251. different (Fig. 5).

When the esterification of E2 was assayed in the presence
3.3. Esterification of dehydroepiandrosterone in the of palmitoyl-CoA, we found &, of 9.7 £ 0.9pM and a
digestive gland of Crassostrea virginica Vmax 0f 38+ 2 pmol/min/mg protein. Thi&my, was similar

to that found in the digestive glanddble J). In contrast,
Similarly to E2, DHEA was esterified to the correspond- when esterification of DHEA was assayed in the presence
ing fatty acid ester when incubated with any of the six fatty of palmitoleoyl-CoA, theky,, was 61+ 22 uM and theVmax
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Fig. 5. Endogenous esterification of dehydroepiandrosterone by digestive gland (A) and gonad (B) microspges.r8i@érosomal protein was incubated
in the presence of LM DHEA, 10mM ATP, and 1 mM CoA for 30 min at 3CC. A and B: unknown; C: palmitoleoyl-DHEA, D: oleoyl/palmitoyl-DHEA;
E: stearoyl-DHEA.
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was 60+ 10 pmol/min/mg protein. Thi&y, was lower than positions or not. DHEA has been shown to act as a compet-
that found in the digestive gland for the same conjugate, al- itive inhibitor of E2 esterification, suggesting that the same
though itis in the range of other DHEA estelsble 9. The enzyme esterifies both steroifil]. A similar fatty acid
Vmax Values for the two conjugative reactions assayed in the composition for both steroid esters has also been reported
gonads were lower than those found in the digestive gland. supporting the hypothesis of a single enzyme isof§3bj.
In general, the HPLC chromatograms we obtained for en-
dogenous conjugatiorF{gs. 4 and palso showed a similar
4. Discussion fatty acid composition for both steroids esters and compa-
rable rates of conjugation between different CoA esters for
In the present study, we characterized the acyl-CoA:steroidboth steroids.
acyltransferase activity in the microsomal fraction of diges-  Apolar metabolism of steroids is known to occur in mol-
tive glands and gonads from the oystewvirginica Activity luscs. De Souza and De Oliveif82] reported a 15.4%
increased linearly with time (10—-40 min), amount of protein esterification of j*C]cholesterol when incubated in the
(25-100wg/ml), and temperature (25-3C), and was ac- hemolymph of the mollusBiomphalaria glabratain the
tive over a broad range of pH values. The profile of the pH absence of cofactors for 24 h at 7. Several studies sug-
dependence of the activity was very similar to that found gest that the esterification of cholesterol and other steroids
for the fatty acyl-CoA:ecdysteroid-2@-acyltransferase in  occurs via separate forms of acyl-CoA acyltransferase. In
the tobacco budwornteliothis virescend26], with very mammals, the profiles of the cholesterol esters formed dif-
low activities at pH values less than 4 and considerable fer from those of the estradiol esters. Moreover, a potent
activities at basic pH values. The optimum pH, 6.0, was acyl-CoA:cholesterol acyltransferase inhibitor had no effect
also in the same range of those reported earlier for the fattyon the esterification of E2 or DHEJ84,42]
acyl-CoA:ecydsteroid acyltransferase lh virescensand In contrast to the limited information on the esterification
the fatty acyl-CoA:estradiol acyltransferase in ri@8,37] of sex steroid metabolism in molluscs and other inverte-
Oyster tissue microsomes isolated from digestive glands brates, there exists an extensive literature on esterification
and gonads esterified E2 and DHEA with all the fatty acid of ecdysteroids in several arthropod spedi&27,43—45]
acyl-CoA substrates tested, which included totally saturated which might provide some insight on a possible role for
fatty acids (C18:0 and C16:0), monounsaturated fatty acids other steroid esters. In the crickAtheta domesticugi4]
(C18:1 and C16:1), and polyunsaturated fatty acids (C18:2 and the cockroachreriplaneta americang45], the esters
and C20:4). Several steroid fatty acid esters (at least severare synthesized in the ovary or transferred to it and then
E2 esters and five DHEA esters) were formed when diges-to the eggs, where they represent a storage form of the
tive gland or gonad microsomal fractions were incubated molting hormone[43] that supplies free steroid during
with ATP and CoA. According to their retention times, the embryogenesig46]. In fact, the storage role of steroid
esters formed were putatively palmitoleoyl-, stearoyl-, and esters is not restricted to insects. Steroid esters have been
oleoyl/palmitoyl-DHEA as well as palmitoleoyl-, linoeloyl-, used pharmacologically for decades as potent long-acting
oleoyl/palmitoyl-, and stearoyl-E2. This indicates the pres- pharmaceutical§47] that require enzymatic hydrolysis by
ence of similar enzymatic systems in both tissues. The fatty esterases to exert their endocrine actiggy.
acid esters of steroids found in this study have been re- From a comparative approach, apolar conjugation of
ported to be major fatty acid esters in several molluscan steroids in the oyste€. virginica saturates at similar con-
specied38-40] Namely, palmitoyl, stearoyl, palmitoleoyl, centrations (viz.K;,, was 13.M versus §M E2 for E2
and oleoyl represented 17.9, 6.2, 7.2, and 9.1%, respectivelyoleoate formation in the oyster digestive gland and rat liver,
of the total fatty acids detected in the bivaMe galloprovin- respectively) and occurs at a similar rate to that found in
cialis [40]. Some other esters (peaks A and BFRigs. 4 mammals. At 2uM E2, 53 and 40 pmol oleoyl-E2/min/mg
and 5 were formed in the presence of ATP and CoA (en- protein were formed by oyster digestive gland and rat liver,
dogenous esterification), but they did not coelute with any respectively (Mesia-Vela et al., unpublished data). These ki-
of the six esters analyzed in this study. Their retention times netic parameters were also very similar to those reported for
suggest that they might be polyunsaturated esters. acyl-CoA:ecdysteroid-2®-acyltransferase Kiy: 10wM;
We demonstrated the ability of preparations from the di- Vmax: 85 pmol/min/mg) in midgut tissues of the tobacco
gestive gland and gonads of the Eastern oyster to esterifybudwormH. viresceng26].
both E2 and DHEA. Since DHEA can only be esterified  To our knowledge, no physiological differences related
at the 3-OH position, and assuming that, similar to mam- to the nature of the fatty acid moiety of a steroid ester are

mals, E2 is esterified at the @7OH position[34], our re- known. If the affinity of steroid esterase(s) differed for dif-
sults would indicate that the oyster can esterify sex steroidsferent esters, the fatty acid composition of the steroid esters
at both the 1B-OH and the B-OH positions. The&, val- could have physiological relevance. The available informa-

ues for DHEA were higher than those for E2. In mammals, tion on steroid esterases is rather restricted to mammals.
there is still controversy with respect to whether there are A study using the MCF-7 breast cancer cell line showed
specific enzymes for the esterification of 3-OH and 17-OH that long chain esters, such as the ones studied here, are
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hydrolyzed by specific esterases distinct from those that act  larvae of the fleshflySarcophaga bullataGen Comp Endocrinol
upon shorter chain esters of E2 (e.g. acetate, propionate,  1983;52:368-78. _ , _
etc.), which are nonspecific esteraptg. Certainly, further [2] Mechoulam R, Brueggemeier RW, Denlinger DL. Estrogens in
L . B ’ insects. Experientia 1984;40:942—4.
work is needed to eluc:|date. whether invertebrate esterases[3] Ollevier F, De Clerk D, Diederik H, De Loof A. Identification of
act upon long or short chain esters and to determine the  nonecdysteroid steroids in hemolymph of both male and female
affinities of these enzymes for the various esters. Astacus leptodactylugCrustacea) by gas chromatography-mass
Both acyl-CoA acyltransferases and esterases can be mod-[4] ;pectrgm:;ry- GS” Cé’mé’hEtrt‘doﬁ””o' 298;?61%14_—28{_ i
e ose R, Majumdar C, Bhattacharya S. SteroidsAithatina fulica
ulated by dru9$37_]' Compounds that alter esterification Or_ (Bowdich): steroid profile in haemolymph and in vitro release of
eSFQI’ Cleavagf:«‘ .W|” subsequently modulate hormc_me aya'l' steroids from endogenous precursors by ovotestis and albumen gland.
ability and activity and may well act as endocrine disrupting Comp Biochem Physiol 1997;116C:179-82.
substances. In this sense, the effect of different concentra- [5] Verslycke T, De Wasch K, De Brabander HF, Janssen CR.
tions of TBT on the activity of fatty acid acyI-CoA:steroid Testosterone metabolism in the estuarine mysEbmysis integer

It f | di limi tudi . (Crustacea; Mysidacea): identification of testosterone metabolites
acyltransierase was explored In prefiminary Studies in our and endogenous vertebrate-type steroids. Gen Comp Endocrinol

laboratory. Preliminary data showed that TBT in the low 2002;126:190-9.
micromolar range inhibited esterification of E2 and DHEA  [6] Le Guellec D, Thiard MC, Remy-Martin JP, Deray A, Gomot L,
in vitro, with the esterification of E2 being more sensitive. Adessi GL. In vitro metabolism of androstenedione and identification

; ; : : : of endogenous steroids iklelix aspersa Gen Comp Endocrinol
TBT is an antifouling agent that causes imposex in some 10876642533,

gastropod species. Its ability to interact with different steroid [7] D'’Aniello A, Di Cosmo A, Di Cristo C, Assisi L, Botte V, Di
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) P ) of steroids by the gonad of the mussktilus eduliy. Gen Comp
detected in some TBT exposed mollu§2§,52] The inter- Endocrinol 1974:22:116-27.
ference of TBT in the esterification of free hormones can [9] Le Curieux-Belfond O, Moslemi S, Mathieu M, Séralini GE.
affect levels of active steroids within tissues and may be  Androgen metabolism in oystélrassostera gigasvidence for 1-
one of the responsible mechanisms of the reported androg- HSD activities and charr?lcterlzatlon of an aromata_se—llke activity
ization/feminization bhenomena. In fact. esterification of inhibited by pharmacological compounds and a marine pollutant. J
eniza p - ’ Steroid Biochem Mol Biol 2001;78:359-66.

testosterone has already been considered as a possible Sii@o] Morcillo v, Albalat A, Porte C. Mussels as sentinels of organotin

—
e}

of action for the endocrine disrupter TH2Z5,53], although pollution: bioaccumulation and effects on p450-mediated aromatase

further experiments to test this hypothesis are warranted. " ;Ct_'v'tg"- Environ E’;'Ci' gheT 1939?;81120&—%, b Adessi GL
In summary, data obtained d@. virginica shared many ] Reis-Henriques MA, LeGuellec D, Remy-Martin JP, Adessi GL.
T . . Studies on endogenous steroid from the marine mollMstilus

similarities with data available for vertebrate and ecdys- edulis L by gas chromatography and mass spectrometry. Comp

teroid esterification in insects, suggesting that esterification Biochem Physiol 1990;95B:303-9.
is a highly conserved conjugation pathway in evolution. To- [12] Bettin C, Oehimann J, Stroben E. Tributyltin-induced imposex in

gether with other biosynthesis and conjugation pathways, ’:alrmle '\r/‘leogas”otpo‘ji;zg"segi;‘g;d3b1y7a” increasing androgen level.
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