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ABSTRACT

The epidermis of scales in the abdominal parts from freshwater- and seawater-adapted

guppies(Poecilia reticulatus) were studied respectively by scanning-" and transmission-

electronmicroscope.

In the seawater adapted group, the surface area of pavement cells is increased nearly
twice as much as that of freshwater-adapted group, and the pavement cells are relatively
flattened. Adaptatoin to seawater causes the increment of the density of glycocalyx in the

surface of the microridge of pavement cells,
junctional complex{desmosome) between neighbouring filament-containing cells.

as well as the well developed intercellular
Also,

intercellular space between adjacent filament-containing cells is more frequently observed

in the epidermis of seawater adapted guppy.
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Kol B)elME vlge] Ao vlaFsHA 7]t e] AA
A ANY o9 2 Eule) AT (epidermis)’t A
o), JelFgA Q7 oshd A FEFURAIE
A ZANN REdZ7HA] 3F-Eoz T dF-E fila-
ment-containing cellSZ FAHIT, 1Yo HYHE,
A2 E, A E 2 club cellEE #EE(Henric-
kson and Matoltsy, 1968; Fahrenbach and Knut-
son, 1975; Schwerdtfeger and Bereiter-Hahn,
1978; Schwerdtfeger, 1979; Sire and Geraudie,
1984; Kim et al., 1988).

ol Foll Al AZAlel w2t AdH oz MARAe ¥
SEE Felsle Ao 278k UEel M #94

FE a5 ARAA B8] AF2AeE AL
2 gste Ao AdeAl ol dsld, A4 HH
9 GEFEI) viAe g AXSEAAM FEHn) A
ARgn Aoz dFslgH(Karnaky ef al., 1976;
Foskett ef al., 1981; Pisam et al., 1990, Kim ef
al., 1993; Moon, 1995). 71]‘:}7} Gpo] Fo o}
op7tule o] 5E B3 A9 FEFYel AdsAHER
AHFZA ol M Tﬁ‘ﬁz}—a— ‘%‘%E} ZAeleta AU
(Matteij and Stroband, 1971). o]§9 ol7bv)} %
el A M qisEst 499 FAU gz
4 g of E5E 92 ¥ glycocalyx+t H4A (mu-
cus)d] Ao &L n)ART deF K Matteij and
Stroband, 1971; Olivereau and Lemoine, 1972;
Moon, 1995).

ag)ste 2l F4Ab Aol guppy(Poecilia
reticulatus)E Adste o] £& vigtEe] HPFE(32
%)ell B F, MAEAY disrrt 37 A
Aoz Ao wENE 92 e A uAe Y4
A w32 AR

M ¥y

AYFEZE FAE22 AMSSE guppy(Poecilia
reticulatus) S 93l Len, —rer*?_r'ﬂl*i T8 gup-
pyol ARLE FFEFI, oz s 149 13 ¥
FaA A 7&1%‘& 717} %L A-SsA 7

$44LAYE st AYFES AP HAH
FE(FMAA ok 15747 ALAA F, ARz A

A dEFES AN AF d5e diEv=Ed
3200l A o dFA7H AgAAS. 21 Fee s
of A4d Holx svlEle A 2YE vl A g A
oM F& B3R vsEs dods. £ d2F
¥oAFed A4 AR EEE 2% A Yr=
e #43 Aoz 4°CY A AN RaAsnA
gao g Agsigc. 2 @A d=e 92337
(S-Mill)§ o] &3l A3+

A HEES FAAARNA L2 HAS] 93
o pH 7.290A 0.1M phosphate buffer® 347
2.5% glutaraldehyde-paraformaldehyde®j oA 34|
7}, 2% osmium tetroxided|A 1Azt A F 1A
¥, 2t # ethanol2 #4315 2n], d43d 24L& 44
CO.E o] &3 9AA AZ7](Polaron 300)e|H HAZxA
A2, Ion Sputter JFC-1100g o]43le] Z2 EHo|
¢ 948 ¥, JSM-5410 LV(JEOL) FAtaiAEq)7A
oz wFAPT. FAAAREA BBE Psledx FAL
AAER RN FYE PPz 3 ¢ g%
dor 24y 248 Epon 812 Egoe Ewjjsle 60
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Az zo® 234 1Y HEAL NET 1%
toluidine blueZ gAste] Fatav|Aelx HAL 79|
2 #9l3t ¥ LKB ultrotomel® ZuAEES v
o] urany! acetate$} lead citrate® g 3}s].on,
JEM-1200EX(JEOL)¥ %34zgn|7dez sy
o}
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$17 o5 microridge’} 83 WIESE —Er&)%}‘ﬁﬂ}.
181 pavement celld EEHHE FaAxgHeALo
2 8000wl Zefsle] Aol @A elF F3Y mi-
croridge®] AR EH A E $4, A3,

7 o
AR B

Guppy oA weld w5 HYPHd IF9
vlEolgl e, 1 % Fo| A 7)Ao HAAE
o] BiAE3E| WSl T, Hlwo] g FEI RE A
23 #wel| Zepd Folelt Aslvh g slddek(Fig.
la). ulEd 2o e 49 BE 4 A 59 MESF
L2 74 FZFUGAEE, A9 EWFL pave
ment cellS2 9o 9l4=k(Fig. 1b). pavement cell

< oz At gz, #3 AEvte] £2E Qld
ALY B wid T2 E Yehl: microridgeEol
FAslg o (Figs. 1c, d, e). 247 pavement celld
A4 HEES microridge’t MEZ A T30l o3
A= AHstA HAEE 1 AA 7} T FE
HHFigs. 1c, d, e). |5 A EEL apoptosisit
necrosisol|] &3 Tz Alelx|7| = &} Z(Fig. le),
vt2 of# oA AFA ¥AHE AEER HAHA
(Figs. 1c, d), 53] o|& A2/} Y4HE 27)de &
Z Az 27171 nA SR Hule ARSI o Figs.

1d, f). °]E pavement cellE Ale]oljA QM FE2 2
A 2u)2 9% e 9T apical pitx FAE

+ A (Figs. le, g).

o] 454 guppyst WA guppy A A
= pavement cell¥9] &
F7h oF 40% o) ZHaddeH(P<0.001, Fig.2). =
g 95ak guppyd 7%, pavement cellE9 F7|7}
wmy Ao, dael 438 RelAE Bopss
o(Figs. 1c, d, e).

sl e A" AAE
pavement cells Edo] &34 F22 Yehtl: mic-
roridge7} A9 w@eideld JAs ¥uF FAAE
o, d9Feld s WESE vIEANT A
£ 1) At o] AAET FAFHLE foAle
e Aoz e

wEg A%, A4eld 2

Selld @A AR wE

(ea)
120

The number of pavement cells/mm2

Salinity(%)
Fig.2. The number of pavement cells per the unit
area(l mm?®) of the epidermis on scales of the
freshwater- and seawater-adapted guppy.

Table 1. Pavement cells; Morphometric data of the
surface charateristics.

Test Surface Relative frequency
Condition extent(#m) of epidermal ridges
Freshwater

adapted 18.3+1.5 16.3£2.9
guppy

Seawater

adapted 16.8+£2.4 17.5+1.1
guppy

These data were measured per unit length(10 gm),

2. R MAEolY B

Guppy®] WE91% B3 3l A3 1 7IRFA
FE] A Fd3e] o)27|7bA] chfdt e E Y
filament-containing cellS2 T4 %2 (Figs. 3a,

c, ), olF Abolel 7}EA HAA XM (Fig. 3d), 12
I o}F =F l A4 E(Figs. 3e, 4d)7} F2= I
Amlel 2§ Foli a3 7)Ao 747 fAse

2 FHA AolE i

o, ¥ZYo| A3} filament-containing celld] A

fllament—contammg cell
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¥ ¥93& 93 9)E pavement celle EFAsAY
gk ellge) ¥ i dFuFe] AR PAYA
7, Golgi complex & MIEY 47| #Eo] & w2sg)
(Fig. 3a). &3] 39 Ax42 715t AT b
AE F3 microridged FAAsHH o] 5§37} AH
Al FdL $dRYY glycocalyxE Hel Aok
(Figs. 3a, 4a). pavement cellS & LTI} Fo}
A™HA apoptosis?] AL Heol& ZA(Fig. 4c)F, o]v]
91012l pavement cell BtZ ol 3dAl NMEH JAH
3 Q)& pavement cell® FEHUH(Fig. 3b). &
A EEL <43 pavement cell53} desmosomed]| 2}
g Ad7z2 AzsA FE5e] UsivH(Figs. 3b, 4a,

Ag) Z7r2oA A2 = filament-containing cell
< HYgeR AE S FUT FA-E 2 Ho 9
A EN 473 & mitochondria, 3 3AWA)
%}, ribosome Sol HFHE FEAT R glglon,
filament ©h#Eo] AMEA FH P A sET, AT
N EEFE £ desmosome FHTER AFH 9l
A=H(Fig. 3c).

Arg] 71X %4 filament-containing cell& A X9
A AAYEI} o9, Fogole o] 123 ¥
Z9eo|= 449 mitochondria, FH3FAWAH, ribo-
someEeo] FAFHUT F A XA filament thiEo]
1S AYA AT (Fig. 3f). 22T ofF AEY 34
AEee M2 AsHA F3E o]Fe interdigitations
Yel 9l 2(Fig. 3f), 715439 AZelAHE endocy-
tosis®} endocytic vesicleEo] #2H ¢ (Fig. 3g).

7HEY FEEe HGHZE 45 BE3 vt2 ol
#xs, A 4y APPARATL, Golgi complex
e JAAHES A 5 sUsick(Fig. 3d). =3
g2z ZEA FFHAEY, s 92} 7
o] J| Mol e el o]27|7HA] BAH Glde
o, AHEA9 t)HHe] mitochondria$} tubular sys-
tem2 2 7}5 A o (Fig. 3e).

o] Hgd guppyelH, AFFE 2~4F9] A2
2ok dxgiqd ¢4 el (Fig. 4a),
T8 A AEE Atele] desmosomeEe] ¥ 4l
W32, microridge ¥H2| glycocalyx7} ©] 23}
3 FA s ci(Figs. 4a, b). dAM I Ak

o
ﬂ'”’]'ﬁ'a

9} A5 vl@ste] mitochondria$} tubular systemo]
o 298] AXAde] A9 ek Fig. 4d). =9 7)
Ao} )% filament-containing cell59 #$ o]
£ oA 2] Mg F39 olEo] intercellular spa-
ceZb WA JebE o]% intercellular spaced|: A%
Aol AL AA UK Figs. 4e, ). 28T 71A
2 NEY\A endocytosiset & M E=e| A interce-

1lular spaceZ9] exocytosis(Fig. 4e), 2|3 recep-

tor-mediated endocytosis® A#Z FAE coated
vesicleE % #AHYH(Fig. 4f).

o #

g 5o AFolFelA AR A9 F2 o8 F9
filament-containing cell&2 FAEHI, o AXEL
439l AAE, 307, 29T Buzl AAaE Ao
2 FEEY, I 479 TR Y] 2IuHY
I (Henrikson and Matoltsy, 1968; Brown and
Wellings, 1970; Merrilees, 1974; Harris and
Hunt, 1975; Kim ef af., 1988), ¥ 79 guppy
HE9d Hed A AEY v TEaE JAstg e

Schwerdtfeger(1979) = guppyE 147F #gel] A
SARE W meA=2n)7t A4ds] deizen, pave-
ment cell®] ¥AHE Frlehed ol s HEd
o} Fe| A prolactine] ZA-8t7] WEeletn stk =
3 Zaccone £(1989)-2 pavement cell oA ArZH-o)
A ¥ microridge® Ao} EEH cytoplasmic
filament, 22T A3t A EE Alole] desmosomed]
W )R hE FelAel Yo o3 H3xyer 4
& Zleolgln FAsgch. Aoyl filament-containing
cell®] cytoplasmic filament¥ desmosome} & A
& e, oJ&2 AEZ 39 JEE ATEHA 3
o A EEY YehE FAAAA(Brown and Well-
ings, 1970; Zaccone and Licata, 1982). & H374
3} pavement cell?] &M Erte] ££2 FA S micr-
oridged] el RARAT WL AA49 Gr3E
of uhet S H3tE BolA] efatet. Leut dgo A
<% guppy 4¥elA, pavement cello] ‘F2s|AwA
Feate] A FHAMe] AL Fuf Ax Frlete] B
Ab guppyel A 2ot of g2 g #deE 932 U
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o0 MEZ} A3 T3 desmosome® WFdtc}. o
t pavement cello] Al 379 W3] w2 o]
7tx(ionic strength)v} 29| EF3} 32 ZFe|f 2E
dad) A9 4 YAEF 459 YA Aoz Az,

o] F A Ewe E4F29 microridge: A EY
of AL FHolFr| A% F&A A Z(Hawkes,
1974; Mittal ef al., 1980; Iger et al., 1988), o|&
microridge®] 8AFXo] TAHe| FAHL HYAZe
5T 84S ATsnE B4l A %ﬂ* A9
opEE & ZFAAA Bzl ede 7S s (Fr
shelson, 1972; Fahrenbach and Knutson, 1975),
o] &g AFAIE $HE T 3o o R A9E §
3 Ao 43S n A7) = 3LL(Fromm, 1980; Za-
ccone et al., 1989), A=) A Asjile w2
AT e WaAdb oA ol & gogdwdle] M3 4
7158 998 7HeAE AAE e Zaccone, 1981).
2|3 g OZ &|do] AHEH o] FelAM ofrlu|g A
£ 43l RAAZS 7} Basked ok 44z A
AR S 7 A7 WY ARH AEdre] 28 A
¥ ohet FeEGE ¥ JEFEE A A58
79 zad Fdr1zgle A9 Aelstx 1y v} g
}(Solanki and Benjamin, 1982; Zaccone and
Licata, 1982; Moon, 1995). =3} A4 g3
=7} Ayt glycocalyxe F8£4¢l N-acetyl neu-
raminic acide] 9%F& mATZ U FH(Olivereau
and Lemoine, 1972). 2 |33} &40 2-¢H gu-
ppyll4] microridge E™o] 3AH glycocalyx7} ¢
T zYsA Jeigtd. olgdt glycocalyx: ¥
9= oz A3z FasAG B seel &
drlol B 2L 8 EA #4 ¥ H&3 HAH
EE S ALE Agdd

=3t 2 dFA 5l H-¢E guppy I EE
A 2 ¥l filamentous material® Z3 9ly W
= intercellular space$}, ¢] intercellular space®9)
13} exocytosis7t HAHU T

o]% intercellular space W% filamentous mat-
eriale glycocalyx A3 3" EA=2 71FEy,
intercellular space®2] 33l exocytosis: IAH 9]
AAALE A9 o) g 5 Az ol ol

& A A2 JENE =98 AREEI% &35

Zolgtx Az"el, 2882 glycocalyx® JA3ske
27} intercellular space V{8 &2o] £U3 7R
of daiMe AMEHAGNYE of&3ste] FFojo} &
Reold},

e rfr

2 £

A guppy(Poecilia reticulatus)E #598) o8
FTEG20)C HEA F EEE HT ol vEd A
8 vl F2A H3E FA P FAREn|AoR va
AR Ade o 2

ol 488 guppy 4|9 pavement cellZ B4
Ao ¥ 77171 A T2 Frpslgen v dast
HeE et i
roridge ¥o] ¥A€ glycocalyx® #5ol A3d 2
oA o FaA L2ddeh. vl 98 9T e AN E
FAE= 2+ 29e)] 943 filament-contianing cell
£ Aloo] AEL dHF2 o] Wrdsled
o}, 7)A ¥ filament-contianing cell59] 2wzt
Alolo] A E intercellular spaceE el A-e¥
guppy Al o WldaiAl #AF

3} pavement cell®] 2% mic-

¢l desmosome¥
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FIGURE LEGENDS

Fig. 1a. A single scale isolated from the abdominal part. Arrows indicate the boundary between part the
scale covered by the epidermis(star), and the anterior(A) and lateral(L) parts of the scale cover-
ed by the dermis. Bar=100zm

Figs. 1b-g. Scanning electronmicrographs of the epidermis of scales.

Fig. 1b. The cross-sectional plane view of the scale. DM; dermis, E; epidermis, PC; pavement cell
Bar=5 gm .

Figs. 1c-e. High magnification of the part of the scale covered by the epidermis(star in the Fig. 1a).
Notice the size of pavement cells in the seawater-(Fig. 1c) and freshwater-adapted(Figs. 1d, e)
guppy scales. Arrowheads indicate the opening of mucous cells or the apical part of the chloride
cell. Dark area(asterisk) represents depressed sites where apoptotic and necrotic cells were rejec-
ted. Arrows indicate newly generating pavement cells. CB; cell boundary Bars=10 gm

Fig. 1f. Higher magnification of the part of newly generating pavement cell(arrow in Fig, 1c). Bar=1 #m

Fig. 1g. Higher magnification of the apical pit of chloride cell(arrowheads in Fig. le). Bar=5pm

Figs. 3a-g. Transmission electronmicrographs in various parts in the epidermis of the scale from the
freshwater-adapted guppy. Bars=0.5#m ’

Fig.3a. The filament-containing cell in the surface layer(so-called pavement cell). The microridge(arr-
ow) is covered by glycocalyx. D; desmosome, G; Golgi complex, M; mitochondria, N; nucleus,
RER; rough endoplasmic reticulum

Fig. 3b. New pavement cell(arrow) emerging toward the surface layer is shown under the desquamating
old pavement cell(PC). Notice the desmosomes(D) between adjacent filament-containing cells.

Fig. 3c. The filament-containing cell in the mid-layer of epidermis. Arrowheads indicate desmosomes.
CF; cytoplasmic filament, M; mitochondria, N; nucleus, RER; rough endoplasmic reticulum
Fig.3d. A part of the mucous cell in the mid-layer of epidermis. G; Golgi complex, M; mitochondria,

MD; mucous droplet, N; nucleus; No; nucleclus, RER; rough endoplasmic reticulum

Fig. 3e. The cytoplasm of the chloride cell. M; mitochondria, RER; rough endoplasmic reticulum, T;
tubular system ' ‘

Fig. 3f. Filament-containing cells in the basal layer of epidermis. The lateral cell membrane have
extensive interdigitation(arrow) between adjacent cells. BM; basement membrane, D; desmos-
ome, CF; cytoplasmic filament, M; mitochondria, N; nucleus, RER; rough endoplasmic reticu-
lum _

Fig. 3g. The basal part of the epidermis. Endocytic vesicles{(arrowheads) dispersed in the cytoplasm.
Arrow indicates endocytosis. BM; basement membrane i

Figs. 4a-f. Transmission electronmicrographs of various parts in the epidermis. of the scale from seawater-
adapted guppy. Bars=0.5#m

Figs. 4a, b. The parts of the pavement cells. These cells are relatively flattened and their organelles are
less distinct. The developed fuzz-like glycocalyx(Gc) is shown at the surface. Arrow in Fig. 4b
indicates two cytoplasmic fold forming a ridge at junction of two cells. A zipper-like arrangement
of desmosomes(arrowheads) is seen. BM; basement membrane, CF; cytoplasmic filament

Fig. 4¢c. The apoptotic pavement cell(arrow).

Fig. 4d. The chloride cell. M; mitochondria, AP; Apical pit

Figs. de, f. The cytoplasm of the filament—containing cell in the basal layer of epidermis.

Arrowheads indicate exocytosis. Coated vesicles(arrows) were observed in the cytoplasm.
BM; basement membrane, IS; intercellular space
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