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ABSTRACT

The milochondria-rich (MR) cells {tlso calledd chioride cells) in the gill epithclium of
adult tilapia Oreochromis niloticus tvere inucstigated at the lght and zlectror: micro-
scopic levels, Three types of MR cells. the a, . and accessory cells are observed. In ad-
dition to numerous mitochondria, a characteristic feature jor the cytoplasm of the iden-
tified three types wuas the presence of a network of rembranous tubudes, the tubular
system, connected to the basolateral plasrna membrane. The f cells were found exclu-
sively in the interlamellar regions o the filaments. In addition to their well-developed
tubular system, they contained numerous deeply stained elongated mitochondria ¢lis-
played closely packed cristae within a dense matrix. The cells were devoid of e api-
cal structures that were previously described in other fish species. Small elongated
cells were seen to be closely opposed to the laterad side of the B cells; they had a less-
developed (ubular systent and were considered lo be accessory cells. The « cells were
present along the lamellae. In contrast 10 the 8 cells, they exhibited a well-developed
granular endoplasmic reticulum and the tubular system wos lesser developed than n 3
cells. The possible role of these three types of MR cells in osnioregulation during adult

life is discussed.

Key words: mitochandria-rich cells; ciloride cells: gill epitheliuun; Oreochromis niloti-

cus; (eleoster.

INTRODUCTION

The mitochondria-rich (MR) celis (also called chloride cells) of the gill epithelium playvs a cru-
cial role in the ionic regulation of fish {Maetz, 1971; Plsam et al., 1995; Pisam et al., 2000).
Whereas the iou-extruding activity of the gills of seawater (ishh has been demonstraied (o be lo-
cated 10 the chloride cells (Foskett and Scheffey, 1982), and the importance of these cells is

well known, the lon-absorplive [unction ascribed to (licse cells in freshwater fish has been
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shown only indirectly. These cells have been described as rudimentary in freshwater lish (Fos-
kett et al., 1981). However, olher physiological, hiochemical and ulhastructural smidics have
established a close relationship behwveen reshwater chleride cells and Ihe uptake of monovalent
and divaleul ions (Payan et al., 1981; Flik et al., 1985; Mayer-Gostan et al., 1987) [fuither-
more, these rells show adaptive changdes such as cell proliferaiion when the fon balanee is dis-
turbed by 1cduced water lon levels or by various types of waler pollution (MeDonald 1983; Lei-
no and McCormick 1984; Laurent et al., 1985; Avella et al., 1987),

Teleost chloride cells are steuctinally Characterized by many zoiall initochondvia and an ex-
tensive system of small branching and anaslomosing tubules. where ion-transporting cnzvines
such as Nu*/K*-ATPasc, Nat/H* ATPase and transport Ca 2*-ATPase arc localed (Hootman
and Philpatt 1979; Fllk et al.,, 1985; Balm et al,, 1988; Pisam et al., 1997; Pisam et al.,
2000). The tubnles have a lumen that §s continuous with: 1he exiracellular space via orifices in
the basolaleral ccll membranc (Sardet et al., 1979; Laurent and Dunel 1980). Vcsicles are
present between the apical membraie and the tubular svstemn in the apical cytoplasi (Pisam
1981; Laurent 1984). This structure is -ypical of chloyide cclls of lishb from Ireshwater and sea-

water.

Based on ultrastructural characterislics, two types ol chloride cells were distinguished in dif-
ferent species of teleosts (Doyle and Gorecki, 1961; Straus, 1963; Shlral and Utida, 1970;
Pisam et al,, 1887; Plsam et al., 1993): they werc refcrred to as a and 3 chloride cells. The
presence ol accessory (A cell) cells is considered typical ol seawater fish (Dunel-Erb and Laurent
1980; Chretien and Pisam 1986; Pisam et al., 1988). Thicse cells have been interprelced as im-
mature diflerentiating chloride cells {Sardet et al 1979; Hootman and Philpott 1980). In tila-
pla (Wendellar Bonga and Van der Meij 1988) accessory cclls in Ireshwater fish, albelt in very
low nuinbers are found, In 1995, Pisam ct al. examined the apical structures of the two MR cell
types to sahmon and tilapia maintained in treshwater. In v cells. Ihey consisted of isolated vesi-
cles located close to the apfcal membrane, whereas they occupled the whole supranuclear region

of B cells and originating from the jualanuclcar Golgi apparatus,

There have been few studies on the ultrastructure of mitochondria-rieh ceils in the gills of
freshwater lish. Moreover, the nalure and possible origin of the structural diversity chiracteris-
tle to gill MR cells is still a matter of debate, Therefore, the primary objective of the prescnt study
was to describe the ultrastructure of mitocliondra-rich cells in the glls of the Qregeluwromis nilot-
icus during advlt Bfe. Such study is crucial in order o find oul whether the difterent types can
be distiuguishicd and to determine whether these types are considercd elther as d:fferent devel-

opmental stages of chloride cells or as specilie cell-types.
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MATERIALS AND METHOD=

Ten sexuallv mature rmale and fenale tilapia (Oreochivormus nilole csj lo coert 1idapta nilotica
were obtained from laboratory stock In Department of [Fish Health woiniral i of Aquaculture,
Abbasa, E¢ypl. They wcre kept in 200-liter aquaria contairiing noi-¢ layinated lap water, at
25°C with a daily 12-h photoperiod. For hght microscopy. gill sammples were tiaed i 107 nentral
buffered torimalin, dehydrated in ascending cthanolic series, cleared in xylcuce sad emboedded in
paraplast. Four to live micron sof tions were cut and stained witlt 11 ond . 1’AS und Masson's
trichrome. Fur fransmission efcuiron microscopy, gill arches were Jisser ted oiti sadd lived for 24
hr at room tamiperatuse iy 2 3 % glutaraldelivde (n Q.07 sodisnn cavidytade bufler {ptl 7.6). They
were posttixed for 1 he at room remperature 19 osnuam (etrasicde nsing the ~caw bulter, de-
hydrated in elhanol and embedded in Epon 812. Scinithin scetions were stawed with an aquous
solution of 14 toluidine bluec. Ultrathin scclions were obtained nsing iajvond knifte. mounted
on 200-mcsh copper grids. They werc double stained with uranvle cerale and Jeadd cilrate and

examilned al 80 kV with JEOL 100 ¢ electron microscnpe.

RESULTS
Light Microscopy :

The gill ot Oreochrornis nilolicns consisted of lour branclual i (Liw 1. cach of which
bears filaments from which lameliae radiate. The gill arclies consisted ol loese coilitective lissuce
contalning a cartilagenous rod. some skeletad musele fibers and Jorge voaou- sunces in thelyr ap-
leal regicns ([7g. 2). Each [llament was supplied by allfecent arteviale aned v diained by efferent
arteriolc. The rcgion of the fitamients localed between Lwo adjacent iamellac is veterred lo as the
interlamellar region (Flg. 3). The core of cuch filaments contained a longindinall arranged capll-
laries enclosed in a very thin conucctive lissue laver (Fig. 3). Uhe gill idarzeats, ated lameilae were
eovered by a simple eplthelium consisting of three main ccll types: the hafteued epitliclial cells
(pavemeut eells), mucous cells and the mitochondria-rich (chlorvider cells. The oy toplasm of the
mucous cells was PAS positive [[fig. 4), in contrast to the PAS negaiive pavanctit and chloride
cells (Fig. 5),

Electron Microscopy :

Many mitochondria-rich (chloride) cells were recognized omoung 1n: cpithicuan! eddls of both gill
fillaments and lamellae. The mitochiondria-rich cells were ovold or clongated iy sliape with elon-
gated euehromatic nuclei (Fig.G). The apical ccll membrane was c¢c.-ceed by » thin cytoplasmic

layer of the neighboring pavenient cells {Fig. ). The cell displayed a «vell-uercloped tubular sys-
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temn made up of long anastomosing tubules. which lormed a loose network (Fig. 7). The clongaled
mitochondrla were deeply stained and displayed numerous closcly packed cristae within a densc
matrix (Iig. 8). The cndoplasinic reticulum appeared as interconnccted clsternac located prefe-
rentially in the perinuclear region (Fig. 8). Numerous small electron-tucent or dense small vesi-
cles and multivesicular bodies were also observed within the apical cytoplasm (Fig. 7, 9). These
cells were exclusively encountered in the intcrlamellar regions of the filaments. The disi ibution

and structural peculiarities of these nutochondria-rich cells <uggest that the latter were |3 cells.

Some of the § chloride cells were associaicd with snialler cells with variable shape that were
closely opposcd to their lateral sides (IFid. 10}. These cclls were attached iv the ff chiloride cells by
shallow apical junctions. They were alwavs linked to adjacent paveinent cells by tight junctions
(Fig. 11). The cclls exhibited a well-developed tubular system witlh 1o ov st a lew small elec-

tron-lucent vesicles in their apiecs [Fig. 12). and were considered to e accessory (A) cells.

A lew mitochondrla-rich cclls were stiucturally mternncdiate belween accessory cells and B
chloride cells. They were cxclusively tound in the epithelium of the lamellae. They were ¢longated
with much lighter cytoplasn and their apical surface was scparated from the external medlum
by a layer ol pavemcent cell cvtoplasm ([Fig. 13). Their granular endoplasmie reticulumn was more
extenslve and the tubular systemn was less developed than i i cclls In soine areas the rER cis-
ternae werc scen to be conitnuous with the adjacent membranous tubules ({IFig. 13. 14). Golgl
areas, which were scarce in f§ and accessory cells. were comon; the nuclei werce cuchromatic.

Their apical eytoplasm contained fewer elongated mitochondria and sparse tubules (Fig. 13, 14).

DISCUSSION

The heterogencity of the mitochondria ricli {(chlovide) rells has becn noted by several investi-
gators (Shiral and Utida, 1970; Richman et al.,, 1987: Pisam et al., 1987; Pisam, 2000). In
the present stady. three types ol mmlochondria rich cells have hecn identified: B. « and accessory
cells. Ultraslructurally, the characteristic {catures ol the B cells in the gill of Oreochiromis niloti-
cus Inelude?l) mitochondrial profiles that are abundant and large with dense matrices and
densely packed cristae; 2) a well developed cytoplasmlie tubular system: 3) a lack of a vesiculo-
tubular sysicm in the aplcal cytoplasm. They were exclusively lound in the interlamellar region
of the filaments. With the exception of (hie lack of vesiculotabular system, the p cclls deseribed in
the presenl study had ultrastrueture and distributional pattern features reminiscent ot those
cells described in ather fishcs (Pisam and Caroff, 1985; Karnaky, 1986; Chretien and Pisam,
1986; Pisam et al., 1887, 1993; Pisam et al., 1995; Rojio et al., 1997). The exact functional

roles of the apical structures have not been determined yet. In this respect it has been reported
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that the apical structures do not correspond to lvsosomes: thev are stricly localed in 1hie apical
reglon of the ccll, have howogenons conients. and arce velatively similar in size. Morcover in con-
trast to lysosomes, they arce nol vndowced with eytidine monophosphaice activity (Pisam et al,
2000). They miay correspond ta carbohvdrale-containiay scccetory granules originaiing (rom the
trans-Golgi network (Pisam et al., 1995). The numcerous milochondria and an extensive (tbular
system togethicr with the absence of apical structures that have been revealed In the present
study suggest that the Oreochiroims mloficus f§ cells are active and ileely 1o be mainly involved
lonic transfers rather than secrciity functions, A similar conclhigion regaiding homnlogaus cells
was rcached by several investigators (Wendellar-Bonga et al, 1990; Pisam et al,, 1993; Shika-
no and Fujio, 1998 a, b). Our intaprefation may also concur with (hose of Hwang et al. (1994)
who suggested that the f§ mitachondria-rich cells of the ¢ills migh! Le ianvolved in tlie active up-
take of Ca**. They proposed that. in tilapia, the mercase in the body Ca** content observed after

hatching may be due to the dillerentiation of chloride cclls.

The accessory cells, revealed v (he prescut study. have the ultrastrizciure characteristics of
the accessory cells lound in freshiwaler lisli (Laey, 1983, Leino and McCormick, 1984, Chreti-
en and Pisam, 1986 and Plsam et al., 1989; Wendellar Bonga and Van der Meij, 1989). Thcy
arc closcly apposcd to 1he lateral side ol the 3 eells in the biterlaniellar region of (he lilaments, In
comparison {o the § cells, the aciessmy cells observed i thie present stady show « less devel-
oped tubular system. Their apex is devoid of apical sirmcetures. Bascd on the presence af less de-
veloped tubular system, Wendellar-Bonga and van der Meij (1989), Hootman and Philpot
(19B0) and Pisam (18B1) proposed that the aceessory celis way correspond to youny [3 cells
with which thev arc associated. In tilapia. the percentadge of accessory cells s corvelated with the
rate of increcse ol the otal number al ehloride cells (Leino and McCormik, 1984; Wendellar
Bonga et al., 1990). This rclationship supporis the interpretahon ol these cells as youuy stages
rather than as a specific type of ehloride celll In conmrast to the aforementioned proposal, the
present study elarified that the aceessary rells are always fonnd to be adjacent to the lateral side
of the B cells and naot at their base as would be the case lor young cells involved in epithelial re-
newal. Thus. they shonld be considercd as a cellular fyvpe with an ongin and a mode of ihiferenti-
ation diflerent lron those of the mitochondria vich cells (o which thev are adjacent, as was dem-

onstrated in (he guppy aller 3 thvinidine radioautographiv (Chr tien and Pigam, 1986).

It is possible (hat (here arce dillerent types of accessory rells, since several authors have re-
portec thal, i srawaicr lishh or ovayhaline seawater adapted nish, apical cytoplasinic processes
of acccssory eclls interdidgitate wita the apical eytaplasoe of neighboring matuve chlarvide cells
(Sardet et al. 1979; Dunel and Laurent 1980; Hwang and Hirano 1985; Chretlen and Pisam
1986; Pisam et al. 1988). Neillir Lelno and McCormick (1984), nor our grenp have obscrved
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this type ol inferdigitation in fathcacd minnors or Orenciromis niloticus, respeclively.

The o MR cells have the sanwe ultrastructural characienstiics as (he o cells tound in {reshwa-
ter juvenlle salmon and tilapia (Pisam et al., 1995). (n comparison to b cells, their granular en-
doplasmic reticnlnm Is more cxtensive. the (ubular system less developed, their apical cyloplasin
contained fewer elongated mitochondria and they are exclusively lound jn the cpithelinm uf the
lamellae. The distinctive ullrastructure and distribulion pattern of the o cells might Jed us in
propose that they represent a distinctive mftochondne-rich cell types rather than they are devel-
opmenlal stage of § cells. This conelusion concur willy thal of Pisam et al, (2000) demonstrating
that 1n brown wout, the a cells appear at a later developnicntal stage than the b eclls hecause
they are only seen after yolk sac resorprion. §§ and o cells are thus different mitochondria-rich
cell types and not developmental stages ol the same cell type as posiulated by WendelJar-Bonga
and van der Metj (1989j in tilapia. The « ceils have a well-developed tubular svstent. in keeping
with the findings of Shikano and Fujio i1y (he guppy (1998a) and in chuim salnon (v (1998b).
whleh showed that Na* K* ATPase activity was higher in o than in f MR cclls. The o cells inight

thus be particularly involved in Nat and K* (ransfers.
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Figure 1 : Pholomicrograph ol o light wicrescapic scction of Orcochromis nifoticus gill showing

the lour hranchial i s frona w hicly filaments and Lonellae radiate. H & X 40,
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Figure 2 : Photomicrograph ol a light microscopic section uf Oreochromis niloticus gill showing
the structuve ol tie gill arches. Note vartlagenous rod, skeletal muscle libers anc

large venous sinuses in their apieal regions<, 1 & 12 X100,
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Figure 3 : Pholomicro@aplt v1 ¢ lizld wicvoseopic sectlon ol Oreochiromis nilolicus gill showing
the strmclure ol th ol Loneilie, Note contral copdlaries and delicate connvetive tis-

suce layver arcoetd ©ocrn, Messsonrs Tiiehrenn X300,
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Figure 5 : Photomicrograph ot a section of Oreochromis niluticus yill showing the gill hlaments
’ and lamellae werc covered by a simple epithelium covering the gill lamellac. Note the
PAS-positive mucous cells 1 courast to PAS-negative pavement and chloride celis.

PAS X 1000 .
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Figure 7 : TEM of B3 cell =liowing numcernus clongated darle mitochondria (U), well-developed tubu-
Jar system (1), wulti esicular bodies (V). few 1R (ubules (1), fcw srnall vesicular sys-

tem (double arrowhicads), and adjacent acecssory (A) eell. X10000.
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Flgure 8 : Ilighcr magnification ol the i cell eyloplasm showing nuinerous elongated dense mito-
riondria with closcly packed cristae (U), lew rER tubules (1) and well developed tubu-
lar system (T). X 22000.
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Figure 9 : B cell at higher magiuiication showing a well developed tubular system (T) and numer-

ous dense miltochondria (L), X22000.
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Flgure 10 : TEM of § (P) and accessory (A) cells. Note clongated helerochrromatic nucleus (n) of A

eell and few mitochondria (13). X20000.
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Figure 11 : A well-developed junction cotuplex (J) between the accessory (A) and pavement (V)

cells, X 17000.
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Figure 12 :@ Accessory cell at .. higher madmitication. Nole nucleus (). nmitochondria (L. tubular

systen (T). X 13000
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Figure 13 : A gencral view ol a (A) cell. Noie the nnelens (u)l inflochondria (U, rER (1} and ill de-
veloped tubular system (T). X 8000,
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Figure 14 : Higher magnification of 2 1a) cell showing Yacde number of TER tubules (v, mllochion-
dria {17 ill-developed tubnlar systerm {(T). X 1300
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