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Summary

Mitochondria-rich cells (MRCs) in the vyolk-sac Total densities of MRCs did not change when ambient
membrane of tilapia (Oreochromis mossambicislarvae  chloride levels were altered. Furthermore, in live larvae
were examined by N&/K*-ATPase immunocytochemistry  exposed to changes in ambient €lyolk-sac MRCs, vitally
and vital staining for glycoproteins following acclimation  stained with DASPEI and subsequently traced in time, did
to high (7.5-7.9mmol I-1), normal (0.48-0.52mmol |I-2) or not significantly alter turnover. The polymorphism of the
low (0.002-0.00mmol I-Y) ambient CI- levels. With a  apical membrane compartment of the MRCs represents
combination of concanavalin-A (Con-A)-Texas-Red structural modification of the active MRCs. Yolk-sac
conjugate staining (larvae exposed to the dyia vivoin the  pavement cells labeled with the membrane marker FM1-
water) and a monoclonal antibody raised against N&K*- 43 (fluorescent lipophilic tracer) were shown to cover
ATPase, MRCs were easily recognized and presumed to active MRCs in larvae transferred from normal to high
be active when Con-A-positive (i.e. with their apical ambient CI-levels, thereby inactivating the MRCs.
membrane in contact with the water) or inactive when
Con-A-negative. The proportion of active cells gradually
increased during a 48-h acclimation to low-Ci medium Key words: mitochondria-rich cell, MRC, yolk sac, tilapia,
but decreased during acclimation to high-Ct medium. Oreochromis mossambiguarva, ambient chloride.

Introduction

In embryos and larvae of several teleostean speciefl995) examined the Lake Magadi tilapi®réochromis
mitochondria-rich cells (MRCs; also called chloride cells oralkalicus grahan), a species uniquely adapted to severely
ionocytes) are found in the epithelia covering the yolk sac analkaline freshwater, which possesses well-developed gill MRCs
body, and these extrabranchial MRCs are considered to lbéth apical crypts that remain open in alkaline water (pH 10)
important for ion regulation during early development, wherbut close in neutral water (pH 7; within 2kh3of exposure).
functional gills are not yet well developed (Guggino, 1980,Crypts appear again upon long-term (B4esidence in neutral
Hwang and Sun, 1989; Ayson et al., 1994; Hwang et al., 199%ater, and this demonstrates the dynamics of MRC apical
Hiroi et al., 1999). membrane exposure.

MRC morphology and function in freshwater teleosts have It is well known that the apical membrane of MRCs forms
previously been studied in depth, and several studies haam apical crypt configuration in seawater fishes but may be
focused on the apical membrane (often forming an apical cryptiush with or raised slightly above adjacent pavement cells in
configuration of MRCs in response to external or internamost freshwater-acclimated fishes (Perry and Laurent, 1993);
changes (Perry, 1997; Van Der Heijden et al., 1997, 199%iowever, crypts have been reported for freshwater
Marshall, 2002; Wilson and Laurent, 2002). Acidification of Mozambique tilapia@reochromis mossambiduas well (Lee
water increases the fractional surface area of gill MRCs withowdt al., 1996; Van der Heijden et al., 1997) and this may
changing MRC density, indicating morphological responses dflustrate our limited understanding of MRC biology.
the epithelium to environment changes (Laurent and Perry, In a previous study on freshwater Mozambique tilapia, we
1991), and this could result from responses of either the MRCesategorized subtypes of MRCs with different apical surfaces
a rearrangement of the pavement cells or a combination of theas wavy-convex, shallow-basin and deep-hole (crypts) and
phenomena. Metabolic alkalosis (bicarbonate infusion) andorrelated subtype abundance with mediur*Cda" and Ct
cortisol treatment increase the number and fractional surfaa®ncentrations (Lee et al., 1996; Chang et al., R0DHese
area of exposed MRCs in freshwater rainbow trousubtypes of MRCs were suggested to be functionally different
(Oncorhynchus mykis®erry and Goss, 1994). Laurent et al.for ion transport.
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More recently, we found that the morphology of these apicalexas-Red-conjugated concanavalin-A (Con-A; Molecular
surfaces changed in a matter of hours with variations ifProbes, Eugene, OR, USA; dissolved in redistilled water) for
ambient Cf concentrations and correlated with the rate of Cl 30min at room temperature (RT; 24—-27°C). After rinsing for
influx in tilapia, which suggests that MRC morphology reflect®20 min at 4°C, the larvae were further fixed and permeabilized
distinct capabilities for Cluptake (Lin and Hwang, 2001; with 70% ethanol at —20°C for 10in. After washing with
Chang et al., 2003). In the present study, we provide furthé?BS, samples were incubated overnight at 4°C with a
cytological evidence for the hypothesis. When ambienmonoclonal antibody against thees-subunit of the chicken
chloride levels are extremely reduced, gradually more activilat/K*-ATPase (Developmental Studies Hybridoma Bank,
MRCs are observed and the cells enlarge their surface arédniversity of lowa) diluted 1:200 with PBS containing 10%
probably to upregulate their Cliptake capacity; conversely, normal goat serum and 1% bovine serum albumin. After
when ambient Cllevels are increased, MRCs are inactivatedrinsing with PBS for 28nin, the larvae were further incubated
by constriction of their apical openings and become totallyn goat anti-mouse I1gG conjugated with fluorescein
covered by adjacent apical pavement cells. We usedothiocyanate (FITC; Jackson Immunoresearch Laboratories,
immunocytochemistry and vital staining to trace the turnoveiWest Grove, PA, USA; dilution 1:100) foriRat RT. After
of yolk-sac MRCs in tilapia larvae acclimated to high or lowstaining, the whole larvae were mounted in an observation
ambient Cf levels. We traced MRCs by N&*-ATPase chamber that was composed of a cover slipnjg#24 mm)
immunostaining and scored them as active (in contact with thend spacers slightly thinner than the thickness of the yolk sac
water; Van der Heijden et al., 1997, 1999) when they could bef larvae. In this situation, the slightly compressed yolk sac
labeled with Con-A-Texas-Red; we then examined therovided a flatter area for observation. Observations and image
changes in active cells during chloride acclimation. In additionacquisitions were made using a Leica TCS-NT confocal laser
yolk-sac MRCs were traced with DASPEI vital staining toscanning microscope (Leica Lasertechnik, Heidelberg,
examine turnover and interaction with adjacent pavement cell&ermany) equipped with 0.3, 20</0.4, 4(</1.2 and
100x/1.35 (magnification/numerical aperture) objective lenses
and appropriate filter sets for simultaneous monitoring of FITC

Materials and methods and Texas Red. Cross-talk between the two fluorescent signals

Animals and various hypotonic media was negligible in our system.
Mature adult Mozambique tilapia O¢eochromis o _
mossambicud..) from the Tainan Branch of the Taiwan Determination of active MRCs

Fisheries Research Institute were kept in circulating freshwater Two-day-old larvae were transferred from normal
at 26—28°C under a photoperiod with 12-h1df light (Hwang freshwater to the three artificial freshwater media. Aftér O
et al., 1994). Tilapia eggs and larvae were available year-rourfdormal freshwater controls), 24 or 48h, larvae were
from mature adults kept under controlled conditions asampled to determine active MRCs. MRCs were double-
described above. Fertilized eggs were retrieved from thkabeled with antibody against the sodium pumgubunit and
mouths of females that had initiated mouth breeding, a€on-A-Texas-Red as described above. Confocal laser
described previously (Hwang et al., 1994). scanning was performed on the yolk-sac area of whole-

Three artificial freshwater media were made — (1) controlmounts of larvae. Three areas (Cr36¥) per individual were
reflecting local tap water, (2) with low Gtontent and (3) with scanned with a 200.4 objective lens, and the acquired
high CI content — by addition of appropriate amounts of NaCljmages were further enhanced and analyzed with MetaMorph
NapSQs, MgSQy, KoHPOs, KH2POs and CaS@to deionized  software (Universal Imaging Corporation, Philadelphia, PA,
water (see Tablg#). The temperature of the media was keptUSA). The densities of MRCs and their exposed apical
between 26°C and 28°C. During experiments, larvae were nstrfaces were separately quantified, and the ratio of active
fed; media were changed daily to guarantee optimal watdMRCs over total MRCs was calculated as follows: active
quality. MRC (%) = (density of exposed apical surfaces/density of

MRC)x100%.
Immunohistochemistry

Larvae were anaesthetized on ice and fixed in 4%  Vital staining and time-sequential tracing of MRCs
paraformaldehyde in Orhol I-1 phosphate buffer (PB; pH 7.4)  Two-day-old larvae were incubated in normal freshwater
for 30min at 4°C. After washing with phosphate-bufferedcontaining 30Qumol I71  2-(4-dimethylaminostyryl)-1-
saline (PBS; pH 7.4), fixed larvae were incubatedrimgini~l  methylpyridinium iodide (DASPEI; Sigma, St Louis, MO,

Table 1.lonic compositions (mmditl) in the artificial freshwater media

Medium [Na*] [CH [CaY] [K* [Mg24] pH
Control 0.420-0.487 0.480-0.520 0.18-0.19 0.15-0.17 0.17-0.19 6.70-6.88
Low CI- 10.16-10.78 0.002-0.007 0.17-0.18 0.15-0.17 0.19-0.21 6.75-6.87

High CI- 9.27-10.03 7.514-7.880 0.19-0.20 0.14-0.18 0.17-0.19 6.70-6.78
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USA) for 2h at 27°C. After incubation, larvae were rinsed Apical membrane internalization in MRCs

with normal freshwater and then anesthetized with MS-222 | jye, 2-day-old larvae were immersed in a Con-A solution
(3-aminobenzoic acid ethyl ester; Sigma; @d|=%; pH 7.0, (1 mg Con-A-Texas-Red dissolved imml artificial water) for
buffered with 3mmoll=t MOPS) for 5min prior to  30min. Then, the larvae were transferred to Con-A-free
observation by confocal microscopy. An individual larva wasartificial water and gently washed using a wide-mouth pipette
mounted in an observation chamber that was composed off& 3 min. After washing, the larvae were kept in artificial
cover slip (24mmx24 mm) and spacers (made with stackingwater, shielded from light for B. Then, the larvae were

cover slips) slightly thinner than the thickness of the yolk sagacrificed and immunolabeled for M&*-ATPase as described
of the larvae. This chamber is similar to that used in a previoygove.

report by Hiroi et al. (1999). The flattened yolk-sac surface of

the mounted larva was then analyzed by confocal lasepimultaneous labeling of MRCs, MRC apical membranes and
scanning microscopy. One area (Om2&¥) per individual was pavement cells

selected for image acquisition. Usually one or more Live, 2-day-old larvae were stained with ConirAvivo as
melanophores in the center of the area served as a markerdscribed above. After washing, larvae were transferred to
recognize the area under study during subsequent analysemter with a high Clcontent for 24, shielded from light to
After scanning, the larvae were removed from the chambexvoid photobleaching of the fluorescent probes used. After
and placed in one of several artificial freshwater tanks fo24h, 30Cumol |-l DASPEI was added to the medium for
further incubation. The scanning procedure was usuall30min to stain the MR cells. After washing, the larvae were
finished within 5min to keep damage to the larvae to atransferred to an FM1-43N:(3-triethylammoniumpropyl)-4-
minimum. Nine individuals from the same brood were[4-(dibutylamino)styryl]pyridinium dibromide; Molecular
examined in this experiment. After initial scanning, theseProbes} solution (fimol I=%; diluted in the same medium) for
larvae were transferred to the three media (three larvae p20 min to stain pavement cells.

medium) for further incubation. After 12 and 24 of After staining, larvae were anesthetized with MS-222 and
incubation, the same areas of the larvae were scanned agammediately scanned with a confocal microscope. In pilots,
and DASPEI-positive cells were scored. Two hours prior tdarvae had been stained with various concentrations of FM1-43
the second and third scanning, DASPEI (Bl I-Y) was  over increasing times, which yielded similar staining intensities
added to the incubation medi®uring the experiments, but increasing fluorescence intensities with concentration and
neither mortality nor significant damage occurred in the tracetime. Treatment with fimoll-1 FM1-43 for 20min was
larvae selected as the optimal condition for our confocal analyses.

Fig. 1. Confocal scanning of yolk-sac mitochondria-rich cells (MRCs) double-labeled with Con-A-Texas-Red (red)/&idANBRase
antiserum (second antibody conjugated with FITC; green) in larvae acclimated to higkddim (A,B) or low-Ct medium (C,D). The-y-
plane (A,C) and-plane (B,D) scanning images are shown. Magnification: 208€ale bars: 1fm (A,C); 1Cum (B,D).
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Fig.2. Confocal scanning of yolk-sac mitochondria-rich cells (MRCs) double-labeled with Con-A-Texas-Red (red)*/&rdANgaase
antiserum (second antibody conjugated with FITC; green) in larvae. The densities of MRCs (A) and their exposed apicéB}yuvkrees
separately quantified, and the ratio of active MRCs over total MRCs was calculated as described in the Materials and aletbads.5fon.

Statistics
Values were compared using one-way analysis of varianc
(ANOVA) by Tukey’s pair-wise method. Values are presentec 601 A —&— High CI
as means * standard deviati®n(). " 1 —e— Contrd a
o 50 1 —a— Low CI-
Results %ﬁ,\ 071 a )
Immunostaining and observation of MRCs 8E 304 o
Confocal images of yolk-sac MR cells in tilapia larvae “g 20 4
acclimatized to water with a high and low-Qlontent are " 1
shown in Figl. After acclimation to these different artificial @ 10: b c
media, yolk-sac MRCs showed significant differences in Con 0
A labeling. In water with low Cllevels (Fig.1C,D), Con-A-
labeled MRCs exhibited both large, convex surface: 551 B
(~6-1Cum in diameter) and small, pinhole-like surfaces a
(~3-6um in diameter). In media with high Ctontent, only -‘g&\ 50 a
pinhole-like MRC surfaces were observed (Hi4,B). Both é g 45 a a
convex and pinhole-type MRCs were also shown in contrc 8 -
individuals; however, the former was relatively seldom = © 4.0 a
observed (data not shown). The results suggest that low C g S
levels induce larger and convex apical surfaces in MRCs. [ 351 a
Active and inactive MR cells 0 : : :
0 24 48

When larvae were double-labeled with N&"-ATPase
antibody and Con-A-Texas-Red, we noticed that a portion ¢
MRCs (rich in Na/K™-ATPase labeling) were not IabQIed by Fig.3. Time course changes of active mitochondria-rich cells
C_on-A and thus .ConCIuded that such qells a_re not in Conta(MRCS) (A) and total MRCs (B) in yolk-sac membrane of tilapia
with the water (Fig2A). In previous studies (Lin and Hwang, |arvae transferred from control water to low=@F high-Ct water
2001; Chang et al., 2003), increased density of MRCs arfor 48h. Values are means sp. (N=5). Different letters indicate
increased exposed surface area of the apical membrane significance at theP<0.05 level (one-way ANOVA followed by
MRCs were shown to correlate closely and positively with Cl Tukey’s pair-wise comparison).

Time after transfer (h)
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Fig. 4. Sequential observation of mitochondria-
rich cells (MRCs) labeled with DASPEI in the
yolk-sac membrane of tilapia larvae transferred
from control to high-Ci water for Oh (A; in
control water), 12 (B) and 2 (C). White
numbers mark the cells that survived the
acclimation, and yellow numbers mark the new
cells generated after transfer. Magnification:
200x. Scale bars: 4Qm.

influx. Based on these observations, (
A-negative MRCs are referred to here
‘inactive’ cells, in contrast to Con-
positive, ‘active’ MRCs. The proportion
active MRCs of the total number of MR
(Fig.2) was calculated and compa
between different groups of lan
acclimatized to the three media. Only ~Z
of yolk-sac MRCs in 2-day-old contl
larvae are active, and this proport
increased slightly but significantly to 2:
with development from 2 to days olc
(Fig. 3A). However, in larvae acclimated
low CI- water, active MRCs increas
dramatically from 20% to 45% during
48h acclimatization. By contrast, act
MR cells declined to ~13% after #8in
high Ckwater (Fig.3A). Thus, external C
levels can alter the proportion of act
MRCs in the yolk-sac membrane. Inde
the density of total MRCs (active &
inactive cells) in the yolk-sac membr:
was similar among the three groups
larvae (Fig.3B).

MRC dynamics

MRCs in yolk-sac membrane vita
stained with DASPEI were sequenti:
scanned with a confocal microscope at
h intervals for 2. During developmer
the yolk sacs of larvae are, of cou
gradually absorbed and, during absorpi
the MRCs in the yolk sac are found t
greater extent in the vicinity of the lar
body trunk. However, individual MR(
keep their position relative to one anoi
during yolk sac absorption and could
easily identified at the 12-h intervals
scanning. Fig4 shows confocal images
sequentially (h, 12h and 24h) scanne
MRCs in larvae transferred from norma
high-CIF water. More than 90% of label
cells survived the acclimation and scant
procedures (the white-numbered cells in the imagesjumbered cells, Fig4, 5). Interestingly, no significant change
Figs4,5). About 10% of the cells observed over theh24 in DASPEI-positive cell numbers was observed in the other
period were new, small DASPEI-positive cells (yellow-two groups of larvae (normal and low@later), an indication
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[__] Newly geneated cells the MRCs and the pavement cells during the acclimation
[ Sunivingcdls (Fig. 7D-F). Confocal optical sections through the surface
plane (pavement cells; FigD), through a plane gm beneath
the surface (MRCs; FigE) and the merged picture of the two

100 A

T - -
. - - = sections (Fig7F) showed MRCs containing Con-A-labeled
S 804 vesicles (indicating that these cells had previously been in
8 60—. contact with the water) fully covered by pavement cells.
% ] Apparently, a high Clmedium forms a stimulus for active
5 40 - MRCs to withdraw from the surface and avoid contact with the
-% : water. In addition, the above data infer that pavement cells
x 20 adjacent to MRCs fill the gaps when these cells withdraw and
0' become inactive (no more direct contact with the ambient
LowCF  Control  HighCl medium).
Fig. 5. Ratio of surviving or newly generated mitochondria-rich cells ) )
(MRCs) in larvae transferred from control to low=Q@r high-Ct Discussion
media for 24. Values are means £p. (N=3). No significant In a previous study, we suggested that the three subtypes of
difference was found between the three groups (one-way ANOVA/IRCs — wavy-convex, shallow-basin and deep-hole — in yolk-
followed by Tukey's pair-wise comparison). sac membrane of tilapia larvae reflected MRCs possessing

different capabilities, or ‘activities’, for Cluptake (Lin and
that cell turnover was not affected by a decrease in ambiertwang, 2001). Artificially prepared low-Clvater increased

ClI- levels (Fig.5). whole-body 36CI- uptake, exposed MRC density and the
o . . proportion of the wavy-convex cells in tilapia larvae. By
Internalization of the apical membrane in MRCs contrast, high-Clwater turned all the apical surfaces of MRCs

As shown by confocal optical sectioning in Fég.in larvae into crypts (deep holes) and decreased their density gradually
pre-stained with Con-A and then incubated in normal water fowith time. By using immunocytochemistry and vital staining
2h, the Con-A-labeled apical membrane is internalized inn the present study, we have found that the total density and
MRCs, evidenced by punctate Con-A label (vesicles) beneattven the turnover of MRCs were not altered by ambient ClI
the apical membrane of MR cells (F&A). Fig.6B,C shows changes. Only the proportion of active MRCs was altered
optical sections 8m and 6um beneath the apical surface.  during the acclimation to different ambient-@Gvels. Active

MRCs increased in the larvae acclimated to lowv@ter but

FM1-43 staining: pavement cells and apical exposure of decreased in those acclimated to highs@iter. Based on this

MRCs evidence, we suggest that more active MRCs are gradually

The lipophilic vital stain FM1-43 was used as a membranebserved when ambient-Qkvels are extremely reduced and
marker to label the cell membrane of the integumenthe cells enlarge their exposed apical surfaces to upregutate ClI
epithelium. In larvae exposed to the dye in water, FM1-43iptake activity; conversely, when ambient= Qévels are
labeled mainly the integument (pavement) cells of the yolk-saimcreased, MRCs are inactivated by constriction of their apical
membrane, revealed as a layer of flat polygonal cells with versurfaces and gradually become totally covered by adjacent
clearly stained cell boundaries (FitA). At high magnification pavement cells.

(1000x), these squamous, polygonal cells showed typical We assumed that the Con-A-labeled MRCs were ‘active’
characteristics of pavement cells with microridges; these celldRCs because they were in contact with the water through the
form the outermost cell layer of the epithelium and cover thapical surfaces, which were shown to correlate with the activity
MRCs except for their apical surfaces (F@). FM1-43  of CI- uptake in tilapia (Lin and Hwang, 2001; Chang et al.,
penetrates the pavement cell membrane and labels organelB893). Conversely, MRCs completely covered by pavement
inside pavement cells. When adjusting the focal plane toells were presumed to be ‘inactive’ irQptake. In addition
3-5um beneath the surface of pavement cells, we observed the correlation between the MRC morphology and the
strong signals of organelles surrounding the nuclei of pavementhole-body3éCI- uptake (Lin and Hwang, 2001), our recent
cells (Fig.7C). With this staining technique, proliferating work using a scanning ion-selective electrode technique to
pavement cells (appearing to have 2-3 nuclei) wergrobe Ct flux in yolk-sac MRCs of tilapia has demonstrated
occasionally observed in yolk-sac membranes (K. that these unexposed MRCs are functionally inactive (L. Y. Lin

As the Con-A-labeled apical membrane of MRCs becomand P. P. Hwang, unpublished data).
internalized, we then set out to transfer larvae pulse-labeled Several previous studies have employed fluorochrome-
with Con-A from normal water to high Clwater for 24h.  conjugated lectin to label the apical surfaces of MRCs. Li et al.
After this 24-h period, still-internalized Con-A vesicles were(1995), Van Der Heijden et al. (1997) and Lee et al. (2000) used
seen in MRCs, as confirmed first by DASPEI labeling. Nextfluorochrome-conjugated Con-A, which binds specifically-to
larvae were stained with FM1-43 to examine the behavior aflucopyranosyl glycoprotein residues, to localize the exposed



apical surfaces of MRCs identifi
with either mitochondrial staining
an Na/K*-ATPase marker. Whe
germ agglutinin  (WGA), whic
specifically binds to N-
acetylglucosamine and N-
acetylneuraminic acid residues, \
also used by Tsai and Hwang (19
to identify specific subpopulatio
of MRCs. Recently, Goss et
(2001) used another lectin, pea
agglutinin - (PNA; which bind
specifically to terminaB-galactos
residues), to separate two subty
of MRCs. Con-A-Texas-Red h
been shown to bind strongly
apical surfaces (also termed ap
crypts in previous reports) of tilay
MRCs and has been used a
marker to identify exposed

mature MRCs (Li et al., 1995; V.
Der Heijden et al., 1997; Lee et
2000). In the present study, Ci
A-Texas-Red was also shown
bind specifically to apical surfac
of yolk-sac MRCs in tilapia larvz
(Fig.1). We could easily identi
wavy-convex MRCs, particularly
low-CI- larvae. However, it we
more difficult to discriminate tr
shallow-basin and deep-hole ty
due to the similar staining shape.
using Con-A-Texas-Red a
Na"/K*-ATPase antibody doubl
labeling, we scored the active MR
and examined their profiles in lan
acclimated to high- or low-C
water. In normal larvae 2-dhys
after hatching, 20-24% of MR ce
were Con-A positive (active), whi
is comparable with previous d;
determined by counting MRCs
contact with the water environme
on tissue sections of tilapia lan
(Van Der Heijden et al., 1999). T
proportion of active MRC
increased from 20% to 45% af
48-h low-Ct acclimation bu
declined from 20% to 13% aff
high CI acclimation. The changit
profiles are congruent with ¢
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Fig. 6. Internalization of the apical membrane in mitochondria-rich cells (MRCs). Yolk-sac MRCs
were double-labeled by Né*-ATPase antiserum (second antibody conjugated with FITC; green)
and Con-A-Texas-Red (red), which was internalized into the cytoplasm of MRCs (A). (B,C)
Optical sections gm and 6um beneath the apical surface. Magnification: 2008cale bars:
15um.

previous counting of exposed MRCs with scanning electronistain and sequentially monitored their turnover in intact
microscopy (SEM; Lin and Hwang, 2001). However, using thissnimals during acclimation to both high- and low-Gater.
double-labeling technique, we could score the active and@ihis method was modified from a previous report by Hiroi et

inactive MRCs simultaneously.

al. (1999), who used it to investigate MRC turnover in tilapia

In the present study, we labeled MRCs with DASPEI vitallarvae during seawater acclimation and found that a portion of
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freshwater-type MRCs are able to transform to seawater-typdsing this technique here, we found that MRC turnover was
MRCs. The vital stain DASPEI and its analogue DASPMI,not altered by ambient chloride changes, suggesting that the
which accumulate in active mitochondria, are the mosthange in the densities and subtypes of MRCs induced by
common dyes used to label MRCs (Li et al., 1995; Witters eambient chloride (Lin and Hwang, 2001) reflects the process
al., 1996; Rombough, 1999; Van Der Heijden et al., 1999)of MRCs undergoing structural and functional modification.
FM1-43, which was originally
developed as a membrane
potential sensor, has become an
increasingly useful tool in the
study of membrane trafficking,
synaptic vesicle recycling and
synaptic transmission (Cochilla et
al., 1999). In addition, when used
as a marker of cell membranes and
surface areas, FM1-43 is useful
for determining the means by
which damaged cells are able to
repair their membranes. Studies
on endothelial cells (Miyake and
McNeil, 1995), sea urchin eggs
and embryos (Steinhardt et al.,
1994) and crayfish medial giant
axons (Eddleman et al., 1997)
indicate that at the site of an
injury, exocytosis of lipid vesicles
is used to repair holes in the
cellular membrane. In the present
study, we used FM1-43 as a
membrane marker to label the
apical membrane of the
epithelium covering the larval
skin. We found that FM1-43
effectively stained the apical
microstructure of pavement cells
(microridges) and clearly outlined
the boundary of these cells.
Interestingly, we found that FM1-
43 seemed to permeate the apical
membrane of pavement cells and
consequently stained the
membrane organelles inside these
cells. Since FM1-43 is used for
tracing membrane trafficking
(exocytosis and endocytosis), we
also checked whether the vesicles
inside these cells are internalized
from the labeled apical membrane
through endocytosis. It seems
unlikely that the considerable
number of vesicles is internalized
from the apical membrane in such
a short time (=2@nin); in
Fig. 7. FM1-43 staining and apical surface of mitochondria-rich cells (MRCs): (A-C) FM1-4§dd'_t'o_n' no obvious V?S'_Cle
staining; (D—F) FM1-43, DASPEI and Con-A triple staining. See Results for detailed descriptioH&fficking was observed inside
Arrows represent the locations of MRCs. Magnification: x40Q,C); 2000< (B); 1000« (D-F).  these cells. However, FM1-43 did
Scale bars: 4Qm (A,C); 8um (B); 15um (D-F). not permeate MR cells but only
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slightly stained their apical membranes. Applying the sameptake is required, both of these forms might be recruited into
method to zebrafistD@nio rerio) larvae, we found that FM1- becoming functionally active MR cells.

43 could not penetrate the apical membrane of pavement cells,

implying that the staining property is cell type and/or species This study was supported by grants to P.-P.H. from the
dependent. A recent report found that FM1-43 also penetratéiational Science Council (NSC 90-2313-B001-028, 91-2313-
specific types of sensor neurons through mechanotransductiB901-033) and Academia Sinica (Major Group-Research
channels (Meyers et al., 2003). Whether or not a similaProject), Taiwan, ROC.

channel or conducting pathway for FM1-43 exists in tilapia

pavement cells needs to be further investigated. References
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