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Sphingomyelin Metabolism Is Linked to Salt Transport
in the Gills of Euryhaline Fish

Mohammed El Babili, Gérard Brichon, and Georges Zwingelstein*
Institut Michel Pacha, Université Claude Bernard Lyon 1, 83500 La Seyne sur Mer, France

ABSTRACT: By in vivo and in vitro studies of 1-(3-3H)serine
and [9,10(n)->H]palmitic acid incorporation into phospholipids,
we show a change in the renewal of the ceramide moiety of
sphingomyelin in the gills of euryhaline fish (sea bass and eels)
when the animals were subjected to abrupt alterations in envi-
ronmental salinity. In vivo, decrease of the salinity from sea
water (salinity 3.7%) to diluted sea water (salinity 1%) induced
an increase of label incorporation into gill sphingomyelin. The
same was true when gills from sea water-adapted sea bass or
sea water-adapted eels were incubated in diluted sea water. A
decrease in free ceramides synthesis was also observed in the
gills of sea water-adapted sea bass when the salinity of the
incubation medium was reduced. Direct inhibition of Na*/K*-
ATPase activity with ouabain decreased the sphingomyelin syn-
thesis in the gills of sea bass during in vitro incubation in di-
luted sea water, whereas treatment with furosemide stimulated
sphingomyelin synthesis in the same gills incubated in sea
water. These findings indicate that changes in Na* fluxes mod-
ify the sphingomyelin turnover and control the production of
free ceramides and sphingosine in gill cells of euryhaline fish.
In view of the well-known effects of these sphingomyelin degra-
dation products on isolated tumor cell differentiation, we sug-
gest that they play a very important role in modulating chloride
cell distribution and metabolism of fish gills during abrupt
changes in environmental salinity.

Lipids 31, 385-392 (1996).

Sphingomyelin (SPH) is found in all fish and crab tissues as
component of cell membranes (1-4). There is a greater per-
centage of SPH in gill phospholipids than in those of other
tissues (2,4), and sea water (SW) adaptation increases this
percentage in the gills of euryhaline crabs (5). The biosyn-
thetic pathway for SPH appears to be very active in the gills
of teleosts and crustaceae (6,7). This pathway involves ce-
ramide synthesis from long-chain bases followed by transfer
of a phosphocholine moiety catalyzed by phosphatidylcholine
(PC)-ceramide cholinephosphotransferase (8)- Factors influ-
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*To whom correspondence should be addressed at Institut Michel Pacha I,
1337 Corniche Michel Pacha, 83500 La Seyne sur Mer, France.
AbPreviations : Amiloride, N-amidino—3,5-diamino~6—chloropyrazinecarbox-
amide; furosemide, 5-[aminosulf0ny]]-4-chloro-2-[(2-furany]methyl)-amino}
benz.oic acid: FW, fresh water; PC, phosphatidylcholine; PE, phos-
Phatidylethanolamine; PI, phosphatidylinositol; PS, phosphatidylserine;
SPH, sphingomyelin; SW, sea water; TLC, thin-layer chromatography; TPA,
l2‘0‘letradecanoylphorbol 13-acetate.

Copyright © 1996 by AOCS Press

385

encing SPH turnover include serine and acyl-CoA availabil-
ity, and the relative activities of key enzymes in the synthesis
and degradation pathways. The first step in degradation in-
volves the removal of the head-group by sphingomyelinase,
an enzyme found in gill cells (2).

In addition to their respiratory function, the gills of eury-
haline fish and crabs participate in osmoregulation (9,10). The
gills are the site of active NaCl transport and the direction of
active salt transport is correlated with external salinity. In gills
of Anguilla anguilla and Platichthys flesus, two euryhaline
teleosts, active NaCl absorption begins during adaptation to
fresh water (FW) (11,12). The branchial epithelium of SW-
adapted fish show a much larger population of chloride cells
than that of FW-adapted fish (13). These cells are the site of
chloride transport and possess enzymatic characteristics of
electrolyte-transporting epithelia (13,14). In gill epithelium,
most of the Na*/K*-ATPase activity is found in chloride cells,
and cell density depends directly on the external salinity
(13,14). In both teleosts and crabs, changes in chloride cell
density are accompanied by an alteration of phospholipid me-
tabolism (5,15). It has been reported (8) that SPH concentra-
tion is different in gills of FW- and SW-adapted crabs (Eri-
ocheir sinensis). Changes in the concentration of this major
phospholipid may reflect modification of its turnover rate.
Moreover, SPH catabolism liberates ceramide and/or free
sphingosine, potential second messengers which could mod-
ulate cell function (16,17). The recent discovery that these in-
termediates play an important role in controlling cell growth,
differentiation and oncogenesis (17-20) has motivated this
study of SPH metabolism during abrupt salinity changes in

fish gills.

MATERIALS AND METHODS

Two different species of euryhaline fish were used in this
study, a marine fish: sea bass (Dicentrarchus labrax) and a
freshwater fish: yellow European eel (A. anguilla). Sea bass
(D. labrax) averaging 75 g were originally obtained from a
sea farm (Centre de production aquacole IFREMER, Palavas
les Flots, France) and were kept in indoor tanks with continu-
ously flowing Mediterranean SW (salinity 3.7%) at 14-15°C
for 4 wk. Eels averaging 100 g were originally obtained from
the Rhone river and were acclimated to continuously flowing

Lipids, Vol. 31, no. 4 (1996)
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FW or SW at 14-15°C for 4 wk. Sea bass were fed a standard
diet and eels were starved.

In vivo L-3(H)-serine incorporation. Sea bass acclimated
to SW received 100 uCi of L-3(*H)-serine (29 Ci /mmol;
Amersham, Les Ulis, France) per 30 g wet weight by in-
traperitoneal injection and were randomly divided in two
groups: (1) SW (salinity 3.7%) and (ii) diluted SW (salinity
1%) at a controlled temperature of 17°C. After 16, 24, and
36 h, the animals were killed by a blow on the head, and gills
were isolated and weighed. Lipid extraction and purification
were performed on the fresh tissue by the method of Folch
et al. (22), modified by Chapelle et al. (23). The phospholipid
classes were resolved by two-dimensional thin-layer chroma-
tography (TLC) on precoated silica-gel G-60 plates (Merck,
Darmstadt, Germany) as previously described by Por-
toukalian ef al. (24). Phospholipids were detected with a spe-
cific spray reagent (25) and quantified by determining the
phosphorus content in each spot as previously described
(5,24). For the radioactive determination, phospholipid spots
revealed on the TLC chromatograms were counted in the
presence of silica gel, by scraping into a scintillation vial and
resuspending in 3 mL water/ethanol (1:1, vol/vol) and 8 mL
Picofluor 30 (Packard, Downers Grove, IL) (26). -

In vitro L-3(*H)-serine incorporation. Gills from SW-
adapted sea bass were cut at their bases, and each pair trans-
ferred to ultra-filtered Mediterranean SW or diluted SW,
rinsed and blotted on paper. Then, one gill of each pair was
placed in SW and the other in diluted SW containing 0.3 uM
L-3(*H)-serine (29 Ci/mmol; Amersham) or 0.2 uM [9,10(n)-
3H]-palmitic acid (40-60 Ci/mmol; Amersham) and incu-
bated at 15°C for the indicated time. Lipids were extracted
and analyzed as described above.

Analysis of long-chain bases in SPH. Phospholipids were
separated by one dimensional TLC on precoated silica-gel
G-60 plates in chloroform/methanol/water (65:35:6, by vol).
The SPH spots, visualized with iodine, were scraped into
tubes, eluted with a mixture of chloroform/methanol/acetic
acid/water (50:39:1:10, by vol) and washed as described by
Arvidson (27). Some lipid extracts were subjected to mild al-
kaline methanolysis (28) before purification of SPH by TLC.
SPH was first enzymatically hydrolyzed using 10 units/mL
phospholipase C (Type 1 from Clostridium perfringens;
Sigma, St. Louis, MO) in 1 mL of Tris pH 7.4, 30 mM CaCl
mixed with 1 mL diisopropyl ether for 18 h at 20-25°C to ob-
tain the ceramides (29). Diisopropyl ether was evaporated in
a stream of nitrogen before the addition of 4 mL chloro-
form/methanol (1:1, vol/vol) and 1.8 mL water. Ceramides
were extracted in the chloroform phase, followed by centrifu-
gation. Aliquots of the water and chloroform solubje extracts
were counted. Under these conditions of hydrolysis, TLC of
the chloroform extract on silica gel in chloroform/meth-
anol/water (65:35:6, by vol) showed the total disappearance

of SPH. The ceramides were acid hydrolyzed in teflon-lined
screw-capped tubes in concentrated HCl/water/methanol
(1:2:6, by vol) for 18 h at 80°C (30). The samples were taken
to dryness with added methanol and benzene to eliminate HCl
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and water. The residues, redissolved in 0.5 mL of chlor.
form/methanol (2:1, vol/vol) and diluted with standards (mix. -
ture of SPH, ceramides, sphingosine, fatty acids, and ester)
were separated by one-dimensional TLC on precoated 10x
5 cm TLC plates. The plates were first developed to 5 cmin
chloroform/methanol/water (100:42:6, by vol) and then, afi -
drying, in chloroform/methanol (50:3, vol/vol) to the 10-n
length. The fatty acids and esters, ceramides, sphingosin, -
and SPH spots were visualized with iodine and scrapedin
scintillation-counting vials and counted. Under these cond:
tions, all of the radioactivity initially found in the ceramig
was distributed between sphingosine and fatty acids, accord
ing to the radioactive precursor.

Determination of radioactivity in free ceramides of gill. -
For free ceramide measurements, lipids were subjected o )
mild alkaline hydrolysis (28) in 0.4 M methanolic NaOHa
37°C for 1 h. Concentrated HCI was added to obtain a fini
concentration of 0.4 N acid, and hydrolysis was continued for
1 h at the same temperature. After extraction with chloroform,
the resulting extracts were diluted with solutions of purified
ceramides and separated by one-dimensional TLC on [0x
5 cm precoated silica-gel plates by two successive develop
ments, as described above. SPH and ceramides were visuat \
ized with iodine, scraped, and counted. The ceramide radioac-
tivity in tissue, in dpm/100 mg wet gills, was calculated fron
SPH radioactivity found on the plate. .

Statistics. Means for individual phospholipid radioactivity
were compared using one-way analysis of variance. P?r'
centages were arcsine transformed. If test for normallt')’
failed, then a nonparametric Kruskal-Wallis one-way analysi
of variance on ranks was used. All values presented are
means = SEM.

RESULTS

In vivo incorporation of L-(*H)serine into gill lipids of thes®
bass during abrupt change in salinity from SW (3.7%) 0d"
luted SW (1.0%) is summarized in Table 1. During this 3?‘“
experimental period, 90% of lipid radioactivity in the g1
was present in phospholipids, and this stayed relatively co
stant [from 7318 + 293 (4) dpm/100 mg wet gills at 161°
8031 + 250 (4) at 36 h in SW and 6143 = 288 (4) to 7655
774 (4) in diluted SW). When the distribution of the radiol® .
bel among lipid species was determined (see Table 1)
dioactivity was significantly lower (P < 0.01) in SPHof ‘hz ;
gills of fish in SW than in those of fish transferred to ddurii
SW. No major variations for the other lipids were obser'®
The gross distribution of radioactivity in PC, phosphatidylsebr'
ine (PS), and phosphatidylethanolamine (PE) appeared © C
independent of salinity. In these same experiments, phOSP_]‘;S
lipid composition showed the same general pattern in the 8! l
of both animals, with SPH representing 11.5 % 0.2% of tow_
lipid phosphorus [PC: 46.0 = 0.3%, PS: 6.4 + 0.2%, phosp”
tidylinositol (PI): 4.4 + 0.2%, and PE: 17.2 % 0.5%]. To®
termine whether the differences in SPH metabolism du”“ﬁ
the abrupt decrease in salinity resulted from a direct effect 0



TABLE 1

In vivo Distribution of L(3-3H)Serine into Gill Lipids of the Sea Bass
During an Abrupt Change from Sea Water (SW, salinity 3.7 %)
to Diluted Sea Water (salinity 1%)?

Lipid SW Diluted SW
SPH 9.00 +0.17% 11.12 £ 0.10¢
PC 18.16 + 0.57 18.51 + 0.42
PS 38.54 + 0.81 37.74 £ 0.55
PE 14.64 + 0.28 15.78 + 0.33
NL 12.53 + 0.50 10.71 + 0.44

“Twenty-four fish adapted to SW for at least 6 wk received 100 uCi each of
L-(3-3)serine by intraperitoneal injection and were kept in aerated SW or di-
luted SW tanks at a controlled temperature of 17°C; four were killed 16, 24,
and 36 h after the initial injection. The giil lipids were extracted and ana-
lyzed as described in the Materials and Methods section.

bvalues are expressed as dpm% of the total lipid extracted from the gills and
are the means + SEM of 12 animals.

“Values statistically different, P < 0.01, between SW and diluted SW; SPH,
sphingomyelin; PC, phosphatidylcholine; PS, phosphatidylserine; PE, phos-
phatidylethanolamine; NL, neutral lipids.

gill SPH turnover, we have carried out in vitro experiments,
looking at the effect of medium salinity on the incorporation
of L-(*H)serine into phospholipids of isolated gills from SW-
adapted fish. As shown in Table 2, there was a marked in-
crease (+43%) in SPH radioactivity (from 11.6 to 16.4%) in
phospholipids extracted from gills incubated in diluted SW.
Low salinity resulted in a decrease (—13%) in PS radioactiv-
ity without modifying PC and PE label percentage.

To confirm the effect of abrupt change in external salinity
on gill SPH metabolism in another euryhaline fish, we have
analyzed the in vitro incorporation of L-CH)serine into the
phospholipids of gills obtained from SW- and FW-adapted
eels. In these experiments, gills were incubated in a synthetic
medium with an osmotic pressure and ionic composition sim-
ilar to eel plasma. There was a large difference between the
incorporation of the radiolabel into SPH of gills from SW- or
FW-adapted eels (Fig. 1). There were no major differences
between the other phospholipids, except for a small increase
of the label in PC of gills from SW-adapted eels.

The distribution of the label in SPH isolated from gills
after in vivo radioactive serine incorporation revealed that

TABLE 2

Influence of the Salinity of in vitro Incubation Medium
on the Distribution of 1-(3-3H)Serine into Gill Phospholipids
of Sea Bass?

Incubation medium

Lipid SW Diluted SW
SPH 11.56 £0.19° 16.40 + 0.06°
PC 448 +0.27 5.20 + 0.06
PS 48.03 £ 1.32 41.58 + 0.794
PE 9.87 + 0.76 10.79 + 0.35

A~

“Gills from SW-adapted sea bass were incubated for 4 h at 17°C in SW (salin-

&Y 3.7%) or diluted SW (salinity 1%) containing 5 pCi L-(3->H)serine/mL.

th al‘fes are expressed as dpm% of the total dpm in the lipid extracted from
€ gills and are the means + SEM of six animals. Values statistically differ-

&nt: P < 0.01, 9P < 0.05, between SW and diluted SW. See Table 1 for ab-

breviations, v
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FIG. 1. In vitro incorporation of L-(U'*C)serine into gill sphingomyelin
(A) and phosphatidylcholine (B) of salt water (SW)- and fresh water
(FW)-adapted eels. Gills from SW- or FW-adapted cels were incubated
for 160 and 240 min at 17°C in a synthetic medium of NaCl, 147 mM;
KCl, 2.66 mM; CaCl,, 2.17 mM; MgCl,, 2.34 mM; HNa,PO,, 8.1 mM;
and H,NaPO,, 1.9 mM, containing 0.35 pCi 1-(U'*Cserine/mL. Values
are means + SEM of four animals. a, Values statistically different
(P < 0.01) between gills from SW- and FW adapted cels.

about 80-85% of total radioactivity was found in the sphin-
gosine moiety. The fatty acids and choline isolated during en-
zymatic and acid treatments contained 10-15% of the ra-
dioactivity. After in vitro incubation, 90-95% of the radioac-
tive label was found in the sphingosine moiety of the purified
SPH. These results were consistent with the sphingosine
biosynthetic pathway, in which the first stage is a condensa-
tion of serine and palmitoyl-CoA followed by an acylation to
ceramide. To form SPH, the phosphorylcholine head-group
seems to be transferred from PC to ceramide (6). To deter-
mine if the rate of the acylation step in the SPH biosynthesis
was altered by the salinity change, we have measured the in-
corporation of (3H)palmitic acid into gill SPH under the same

Lipids, Vol. 31, no. 4 (1996)
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in vitro conditions. Results of these experiments with gills
from sea bass are summarized in Figure 2. The salinity of the
incubation medium had a large effect on the rate of radioac-
tive palmitic acid incorporation into gill SPH. For the other
lipids, no differences between SW and diluted SW were ob-
served except after 2 h of incubation in PC. In these experi-
ments, 27% of the radiolabel was located in sphingosine and
73% in the acyl moiety of the SPH isolated after SW or di-
luted SW incubation.

The above results demonstrate an effect of external salin-
ity on the rate of SPH synthesis in gills of sea bass and eels.
However, they give only an imperfect picture of the biochem-
ical changes due to salinity variations. For this reason, it was

1200 5

SwW
O Diluted SW
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800 1

600 -1
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dpm/100 mg wet gills
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16000 ~

14000 SW

O Diluted SW
12000
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» Incubation time (h)

FIG. 2. Influence of medium salinity on the incorporation of [9,10(n)-
3H]palmitic acid into (A) gill sphingomyelin and (B) phosphatidyl-
choline of sea bass. Gills from SW-adapted sea bass were incubated for
2 and 4 h at 17°C in a SW or diluted SW medium containing 5 Ci
(*H)palmitic acid/mL. Values are means + SEM of four animals. a, Val-
ues statistically different (P < 0.01) between gills from SW (salinity
3.7%) and diluted SW (salinity 1%) incubation medium. See Figure 1
for abbreviation.
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FIG. 3. Sphingomyelin and ceramide radioactivities in gills from SW- ;
adapted sea bass after 4 h of incubation at 17°C in SW or diluted SW .
containing 15 pCi (*H)serine/mL. Values are means + SEM of four ani
mals. Values statistically different: a, P < 0.01 and b, P < 0.05, between
gills from SW and diluted SW incubation media; SPH, sphingomyelin
See Figure 1 for other abbreviation.

of interest to measure radioactivity incorporated into free ce-
ramide, an intermediate of SPH metabolism. Figure 3 shows
the activity of SPH and ceramides in the gills of sea bass after
4 h of incubation in diluted SW or SW containing 15 pCi |
(3H)serine/mL. We observed an effect of external salinity on
the incorporation of radiolabel into free ceramides and SPH. *
Diluted SW caused a decrease in label incorporation into tis !
sue free ceramides (essentially with nonhydroxylated faty
acids) together with an increase in incorporation into SPH.

To test the hypothesis that the increase in SPH biosynthe
sis is linked with the change of Na* flux in branchial cells dur
ing salinity changes, we have studied the effect of Na* trans-

- port modulators on in vitro incorporation of L—(3H)serine into

SPH of sea bass gills. The effect of ouabain on L-(CH)serin¢
incorporation into gill phospholipids of sea bass incubated in
diluted SW is summarized in Figure 4. Ouabain (1 mM) de-
creased the incorporation of the label into gill SPH (from
16.4 0.5 to 11.9 + 0.9%) after 4 h of incubation. In the samé
medium, neither 1 mM N-amidino-3,5-diamino-6-chloropy-
razinecaarboxamide (amiloride), nor 1 mM 5-[amin05l{l' '
fonyl]-4-chloro-2-[2-furanylmethyl)-amino] benzoic acid
(furosemide) affected the SPH synthesis. Under the same ¢
ditions, however, furosemide strongly increased the incorP®
ration of the label into PC (see Fig. 5). During incubation if
SW, only furosemide increased the incorporation of the radl;
olabel into SPH from 7.6 0.3 to 10.6  0.5%; the other N2
modulators had no effect (Fig. 5).

~r

DISCUSSION }

This study shows that an abrupt decrease in salinity cause}” f
marked increase in SPH turnover in the gills of euryhalin®

fish. However, this effect is probably transient because max"
mal changes appear to occur within 648 h. The same patie™ -
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18 observed in SW- or FW-adapted eels (2). However, 16-36 h
after the transfer of SW-adapted sea bass to diluted SW, the
percentage of radioactivity incorporated into SPH increases
b.y '24%. Four hours after the salinity change in vitro, radioac-
lvity incorporation increases by 110% for SPH and decreases
by 36% for free ceramide, an intermediate metabolite. These
.results demonstrate that an alteration in ceramide metabolism
induced by an abrupt change of salinity takes place in the gills
of euryhaline fish and that it may mediate some of the cellu-
lar rearrangement known to occur after an osmotic shock. In-
g:;d, the number of chloride cells in the gills of euryhaline
transferred from FW to SW and of hyperosmotic crab
transferred from SW to FW increases (13,31).
Re.latively little is known about the control of proliferation
and dlStri.bution of the mitochondria-rich chloride-transport-
Ing cells in gills. The induction of the differentiation program
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FIG. 5. Effect of 1 mM 5-[aminosulfonyl]-4-chloro-2-[(2-furanylmethyl)-
amino] benzoic acid (furosemide) on L-(3-*H)serine incorporation into
gill phospholipids of sea bass during a 4-h in vitro incubation in SW or
diluted SW. Values are means = SEM of four animals. Values statisti-
cally different: a, P < 0.01 and b, P < 0.05, between control and
furosemide-treated gills; PC, phosphatidylcholine; PS, phosphatidyiser-
ine; PE, phosphatidylethanolamine. See Figures 1 and 3 for other ab-

breviations.

of these cells is started by an unknown mechanism. In murine
erythroleukemia cells, Kiss et al. (32) have shown that treat-
ment with phorbol esters at concentrations sufficient to in-
duce cell differentiation significantly increased the rate of
SPH synthesis. In the same cells, the drop of intracellular Na*
induced by dimethylsulfoxide appears as an early event of
cell differentiation (33), and the decrease in Na*/K* pump ac-
tivity measured by Mayer and Bernstein (34) is probably one
of the multiple factors inducing the differentiation program.
Similarly, amiloride (a specific inhibitor of Na*/H* exchange)
interferes with 12-0-tetradecanoylphorbol 13-acetate (TPA)-
induced differentiation of HL-60 cells (35).

Lipids, Vol. 31, no. 4 (1996)
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We have shown that SPH biosynthesis in vitro by gills
from SW-adapted sea bass, can be rapidly elevated by incu-
bation in diluted SW. A similar effect has been noted by Gi-
rard et al. (36) for chloride cells from the gills of SW- com-
pared with FW-adapted eels, in a study of the effect of adren-
alin on 3?P incorporation into phosphatidic acid and P1.

Under our experimental conditions, the use of different in-
hibitors of Na* transport allowed additional observations. In
FW or diluted SW, the pump transporting K* from the extra-
cellular space into the cell is ATP dependent and Na* coupled
(37). This Na*/K* pump is inhibited by ouabain which acts
on the basolateral membrane of the transporting cells (38,39).
This ouabain-inhibited Na*/K*-ATPase is present in the gills
of fish, and its activity is strongly enhanced by adaptation to
SW in euryhaline fish (40). On the other hand, in FW, the ac-
tive Na* uptake in trout gills is also inhibited by amiloride or
furosemide, a second group of Na* transport modulators (41).
These diuretics inhibit the active transfer of Na™ on the apical
membrane of the ion-transporting cells (42). With SW-
adapted sea bass, | mM amiloride has no effect on the activa-
tion of SPH synthesis observed during in vitro incubation in
diluted SW medium. It is interesting to note that amiloride
has practically no effect on the cellular sodium movements
under these conditions (42). Concentration of the Na/K pump

inhibitor ouabain, which causes a reduction in sodium efflux
(38), has an inhibitory effect on the radiolabel incorporation.
Furosemide, another loop diuretic, activates the SPH synthe-
sis in SW but has no effect in diluted SW.

The transient increase in SPH synthesis observed in the
gills of euryhaline animals during a sudden decrease of salin-
ity probably corresponds to the increased turnover of a sec-
ond messenger provided by SPH metabolism in some special-
ized cells of the gills. This is the first time that the modula-
tion of SPH metabolism in a specialized organ has been
linked directly with environmental changes.

Lavie et al. (43) have shown in various cultured cell types
that the replacement of cell-conditioned medium by HEPES-
buffered saline causes a rapidly increase in the levels of en-
dogenous sphingoid bases. In both isolated fish gills and cul-
tured cells, activation or inhibition of the SPH cycle may also
be triggered pharmacologically or by changing medium con-
ditions. At least three components of this cycle act as biologi-
cal signals in cells: ceramides, sphingosine, and sphingosine-
1-phosphate (44). The biochemical targets of these interme-
diates in synthesis or degradation pathways of SPH are
unknown; however, ceramides and sphingoid bases act as
modulators of protein kinase C activity (45), and these com-
pounds have been shown to regulate cell growth, cell differ-
entiation, programmed cell death and eicosanoid production
(17,18).

SPH turnover is influenced by the availability of precur-
sors and by the relative activities of key enzymes in the syn-
thesis and degradation pathway. The synthesis is dependent
on the activity of sphingomyelin synthase which transfers the
phosphorylcholine head group from PC to ceramide, yielding
SPH and diacylglycerol (6,46). The degradation pathway is
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influenced by the activity of pH-sensitive sphingomyelinase, ;

an enzyme found in plasma membranes and in lysosomes .
(47), which catalyzes the removal of the SPH head-groupty '
give ceramides. In view of our results, we can hypothesize

that the activity of these enzymes in the gills of euryhaline

fish may be modulated by changes in intracellular Na" orpH

induced by variation in external salinity. If this is the case, the

increase of SPH turnover (caused by the activation of SPH

synthase and/or sphingomyelinase during transfer to diluted f

SW) may control the levels of intermediate compounds such *

as sphingoid bases, ceramides or diacylglycerol. In turn, these
intermediates would act as signals controlling protein kinase

C activity, thereby initiating the activation or inhibition of
chloride cell differentiation. The report by Kolesnick (48),in

which sphingomyelinase prevents the morphologic changes
associated with TPA-induced conversion to the macrophage
phenotype in HL-60 cells, supports this hypothesis. However,
in HL-60 sensitive-cells, Okazaki et al. (49) found that I-

a,25-dihydroxyvitamin D; activates a sphingomyelinase that -
increases SPH turnover and causes the formation of intracel-
lular ceramides, which then induce cell differentiation to the ?
monocytic phenotype. These observations do not allow ider- '

tification of the intermediate of the SPH pathway, which con-
trols chloride cell proliferation in the gills of euryhaline fish
during abrupt changes in salinity.
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