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Abstract

Fish gills perform a variety of physiological functions, including
gas exchange, osmoregulation, acid-base balance and excretion of
nitrogenous wastes. There may be trade-offs among these functionsin
gills. Gill epithelia consist of two main types of cells, including the
pavement cells and mitochondria-rich cells (MR cells).  The function of
pavement cell isrespiration and that of MR cell ision regulation. MR
cells are found especialy in gill filament and the interlamellar region.
In some species, MR cells are also observed in the gill lamellae.
Change in external milieu can directly affect the proliferation and
differentiation of MR cells. A recent study reported the likelihood of
having lamellar MRCs (MRC,) in ar-breathing fishes which can use air
to exchange gas directly. It isinteresting to study how the physiologicd
modification in fish gills upon environmental changes. It is known that
proliferation is mainly on the filament and the number of MRC, would
Increase in response to a decrease in the environmental ion concentration.
Nevertheless, the source of MRC, is currently unclear. Therefore, there
were two hypotheses in my study. First, upon facing the ionic stress
those air-breathing fish can have more MRC.s. Second, the MRC s are
proliferated on filament and migrated to lamella.  The experiment
material was the ar-breathing, stenohaline freshwater fish, pearl gourami

(Trichogaster leeri). The paraffin method and immunohistological
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staining were used to examine and identify the epithelial cells. First, T.
leeri was transferred into different dissolved oxygen media and restrained
from ar-breathing behavior to examine the number of MRCs. My
results indicated that the number of MRC, in ar-breathing group was
significantly higher than non-arr-breathing group in normoxia condition.
However, the number of MRC, were not significantly different between
normoxia and hypoxia groups when both of the groups can perform air
breathing behavior. These results supported the hypothesis that the
ar-breathing ability can increase the number of MRC,. Inthe
experiment of the source of MRC_, there were newly differentiated cells
on the lamellae when BrdU was injected at one hour before sampling.
The results suggested that there were undifferentiated cells on the
lamellae.  In the experiment of the quantification of the newly
proliferated MR célls, only few newly differentiated MR cells on lamellae
was found when the fish were transfered into deionized water.  In
conclusion, athough it cannot be excluded that some of the MRC,_ s may
be proliferated from filaments and migrated to lamellag, current results
suggested that MRC_ s can bedifferentiated in situ from the immature

cdls of lamellae.
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pavement cell mitochondria-rich cell
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MR Laurent and Perry 1990 Sakamoto et
al. 2001 ovine growth hormone
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Perry and Laurent 1993 Evanset al.
2005
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Perciformes

Trichogaster

Lin and Sung 2003

JBL

511g

(

)

13

Trichogaster leeri

Anabantoidel

n
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Water

purification system PLATINUM, Tawan

()

1.
45 x 25 x 30 cm® 25¢cm
28+1
2,
45 x25 x 30 cm’ 25 cm
28+1
1/5
3.
25 x 15 x 15 cm?®
5cm
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100% N,

hypoxia

Orion modd 810, UK

() MR
MS-222 3-aminobenzoic acid ethyl ester, Sigma
Terumo, U-100 insulin, Japan
200 yg/gbw  BrdU 5-bromouracil-2' -deoxyribose Sigma

BrdU thymidine DNA DNA

Laurent et al. 1994 Uchidaand
Kaneko 1996 Tsa and Hwang 1998

MR

()

P,Gos 2% paraformaldehyde and 0.5%

glutaraldehyde in 0.2M PB

18



P.Gos 4 12

0.1M PBS 6 30% 50% 70% 80% 90%
95% 100% xylene 1 3 1 1 3
1 paraffin
RM2025RT, Leica 3 Um

poly-L-lysine solution Sigma

( )MR

PicTure-Plus AEC kit 100%
100% 95% 2 3%
H,O, in 100% methanol 10

0.1 M PBS 3 anti-Na', K*-ATPase monoclonal antibody
1:1000 Developmenta Studio Hybridoma Bank, lowa, USA 1

01 M PBS HRP/Fab polymer conjugate,
Zymed 30 0.1M PBS aminoethyl

carbazole (AEC) single solution chromogen, Zymed 15
Mayer’ s hematoxylin 10

GVA mounting solution, Zymed
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Nikon, E600, Japan Nikon D1,

Japan

Na', K-ATPase  BrdU
3%
2N 30 DNA BrdU
anti-Na’, K*-ATPase monoclonal antibody

1:1000 anti-BrdU monoclonal antibody 1:500 Developmental

Studio Hybridoma Bank, lowa, USA 1

()

1.01M PBS —NaCl20g KCI05g NaHPO,3.6¢9
K-HPO, 0.6 g 200 mL pH 7.4

250 mL 10

2.02M PB — 02M NaH,PO, 2H,0 02M
NaHPO, 7H,0O pH 7.2

3. P,Ggs — paraformaldehyde Sigma 19



24 mL 1 N NaOH
glutaraldenyde Weako 1mL 02M PB 25

mL 4 P.Gos 350 mOsm/Kg

4. 20 mg/mL BrdU— 250 mg BrdU 5-bromo-2’ -deoxyuridine
125mL  Ringer’ ssolution Ultrasonic
processor, SONICS

5. Ringer’ ssolution—NaCl 3.25g KCl0.1g CaCl, H,001g

NaHCO; 0.1 g 500 mL
() MR
1. Image-Pro Plus MR
2
MR MR
5um MR Image-Pro Plus 4.0

Media Cybernetics, Silversprings, Md.
1mm MR
2. Image-Pro Plus MR MR

Na', K'-ATPase  BrdU
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MR

1.
12 3 7
4 1 Brdu
2 MR
2
12 BrdU
MR
3 MR
BrdU 1 2 3 4 7 5
MR
MR MR
mean = S. E.
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test

MR
two-way ANOVA

P 0.05

MR

24

Mann-Whitney U

MR

SAS8e



5.50 mg/L 8% n 9

1.8 mg/L 3.05 mg/L 0% n 3
3.05 mg/L
MR
MR
MR
MR
MR

MR 281+9.7 /mm n 5
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MR 70169 /mMm n
10 MR
U 600 Zz 232 df 1 P 0.05

Mann-Whitney U test

MR
no
access free access
MR
A MR
B MR
no access MR 355+6.0 /mm
n 8 free access
MR 70169 /mm n 10
MR free access U
664 Z 29 df 1 P 005 Mann-Whitney U test A

MR
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normoxia

MR

MR

hypoxia

/mm n 10

Mann-Whitney U test

MR

1 BrdU

hypoxia

MR A

MR B

701+69 /mm n 10
MR 804+5.6

MR
U 19% Z 363 df 1 P 016

B

MR

anti-BrdU monoclonal antibody

anti-Na’, K*™-ATPase monoclonal antibody MR

MR
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MR 1 289+39 /mm n
5 2 339+46 /mm n 6 3 24.6+£4.6 /mm
n 4 4 324+63 /mm n 4 7 224+ 1.2
/mm n 4 MR
1 16.2+51 /mm n 8 2 21.2+27 /mm n
8 3 27561 /mm n 7 4 23.7+£46 /mm

n 7 7 256+£27 /mm n 8 two-way ANOVA

MR
Foss 112 P=0.36
Fi. 391 P 005 F,ee 046 P 076 x
F.ss 107 P 038
MR
MR MR
1 14% 2 1% 3 2% 4 3%
7 3% 7 MR
MR 2 MR

MR MR



MR MR

1 0% 2 14% 3 16% 4 11%

7 7% 3
MR 7 MR 3
0.5
2 MR
MR 1 57217 /mm n

5 2 59+18 /mm n 6 3 42+0.3 /mm
n 4 4 6.0£t10 /mm n 4 7 56+1.2 /mm
n 4 MR
1 71+11 /mm n 8 2 5.6+1.2
/mm n 8 3 10.3£32 /mm n 7 4 12.7 +
17 /mm n 7 7 194+55 /mm n 8 two-way
ANOVA MR
Fos: 276 P 0.05 MR
MR

Fisg 799 P 005 Fsss 143 P 024



X Fosi 146 P 023 LSMEANS

MR

1 2 LSMEANS P 005
MR
MR
MR MR
1 3% 2 5% 3 11% 4 20%
7 27% MR
MR MR MR
MR 1 % 2 9%
3 8% 4 6% 7 6%

MR MR

3. MR
MR 1 40+
28 /mMm n 5 2 58421 /mm n 6 3 5.6

+29 /mm n 4 4 9759 /mm n 4 7
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6.8+£12 /mm n 4 MR
1 0000 /mm n 8 2 30£22 /mm
n 8 3 43+23 /mm n 7 4 27+1.8 /mm
n 7 7 18+12 /mm n 8 two-way ANOVA
MR
Fos: 140 P=021 MR
MR
Fisg 756 P 005 Fss; 088 P 048
X Fss1 040 P 081
4, MR
MR 1
02+02 /mm n 5 2 03+£02 /mm n 6
3 04+£04 /mm n 4 4 1.0£t05 /mm n 4
7 1.2+02 /mm n 4 MR
1 03+02 /mm n 8 2
05+02 /mm n 8 3 0803 /mm n 7 4
0704 /mmn 7 7 1.2+04 /mm n 8 two-way

ANOVA
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Fos1 162 P=0.13
MR MR
Fis 010 P 076 Fiss 3.25
P 0.05 X Fass 034 P 085
one-way ANOVA
MR
MR Fssz 351 P 0.05
MR MR
5.
1
245+28 /mm n 5 2 254+54 /mm n 6
3 169+27 /mm n 4 4 319+26 /mm n
4 7 29.1+47 /mm n 4
1 20076 /mm n 8
2 209+49 /mm n 8 3 23954 /mm n 7
4 21475 /mm n 7 7 187+43 /mm n



8 two-way ANOVA

Fos1 043 P 091 Fiss 121 P 028
Fss1 011 P 0.98 X Fss1 054 P 0.70
MR

1 16% 2 23% 3 23% 4 30%

7 23% MR

MR

1 0% 2 14% 3 18% 4 13%

7 P MR

1 6.7t35 /mm n 5 2 5109 /mm n 6

3 5110 /mm n 4 4 89+21 /mm n 4

7 104+16 /mm n 4

1 42+07 /mm n 8 2



47+10 /mm n 8 3 75+13 /mm n 7
4 80+27 /mm n 7 7 94+15 /mm n 8
two-way ANOVA

Fos1 141 P 021

I:1,51 028 P 0.60 F4,51 270 P 005 X
Foss 045 P 077

one-way ANOVA

Fii 280 P
0.05
MR
1 » 2 % 3 % 4 1%
7 1%
MR 7 MR
1 4
MR 1 e 2 1%

3 11% 4 % 7 13%



MR



continuous

obligatory non-obligatory
Colisa fasciata
Ojhaet al. 1977 cited in Graham, 1997 Mustafa
and Mubarak 1980 cited in Graham 1997

Graham 1997

3.05 mg/L
0 5.50 mg/L

88.9
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88.9

MR
MR Laurent and Hebibi 1989 Greco etal. 1995 Lee
etal. 1996a b Perry 1998
MR Moron
et al. 2003
Hypostomus CF. plecostomus
Hypostomus tietensis MR

Fernandes et al. 1998 Fernandes and Perna-Martins 2001



Fernandes and Perna-Martins 2002

MR
1 MR
Moron 2003 Erythrinidae
Hopliasmalabaricus  Hopleryhrinus unitaeniatus
MR Hoplias malabaricus

Hopleryhrinus unitaeniatus
Hoplias malabaricus MR
Hopleryhrinus unitaeniatus MR MR

Hopleryhrinus
unitaeniatus
MR MR
MR
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MR
Chretien and Pisam 1986
Laurent et al. 1994 Uchidaand Kaneko 1996 Tsal and Hwang 1998
Hiral et al. 1999 MR
MR
MR
MR MR
MR Bindon et al. 1994 Perry 1998 Sakuragui et al.
2003
thymidine Chretien and
Pisam 1986 bromo-deoxyuridine

thymidine 1997 BrdU

thymidine Laurent et al. 1994

MR

undifferentiated semcdlls Chretien Pisam 1986

Lebistes reticulatus
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Fernandes Peana-Martins 2001

Hypostomus CF. plecostomus

Laurent 1994 Uchida Kaneko
1996 Oncorhynchus mykiss ~ Oncorhynchus keta
?
1 BrdU
BrdU 1 BrdU 1
BrdU 1
MR 1
BrdU
Laurent 1994 Oncorhynchus mykiss cortisol

growth hormone

1 BrduU

MR
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stem cell MR
MR MR
MR
MR
MR MR
MR
BrdU
BrdU Tsa and Hwang

1998

Brdu

BrduU

MR



Uchida Kaneko 1996 Oncorhynchus keta
BrdU
MR
MR turnover trunover
Oncorhynchus keta
MR Oncorhynchus keta
MR BrdU
MR
Uchida Kaneko
MR
MR turnover rate  Uchida  Kaneko MR
L aurent 1994 MR
central venous sinus
Hira 1999 Lateolabrax japonicus
MR Na', K*-ATPase
MR
MR MR



MR

MR MR
MR
MR
MR
MR
1 MR
1 MR MR
MR
MR
Lebistes reticulatus 1
MR MR
4 accessory cell 2

1 Chretien and Pisam 1986 Oreochromis

mossambicus MR 4 Tsa and Hwang

1998 Onchorhynchusketa 1 MR



Uchida and Kaneko 1996
MR Lebistes reticulatus MR
thymidine

Oreochromis mossambicus MR

wheat-germ agglutinin - WGA MR
MR Onchorhynchus keta MR
anti-Na’, K*™-ATPase monoclonal antibody MR MR
MR
MR MR Pisam et al.
1995 Leeetal.1996a b Changetal. 2001 MR

Na', K"-ATPase MR
anti-Na’, K*-ATPase monoclonal antibody
MR

Shikano and Fujio 1998a b
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280+10 280+10 280+10

mg/L 530+0.21 5.40+0.30 1.80+ 0.22
7.60+0.11 6.70 £ 0.22 6.60 + 0.26
n mg/L
Normoxia 9 5.50 88.9
Hypoxia 3 1.80-3.05 0
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Number of cells/ mm

60 —

7 day

B Newly proliferated MRC (R.O.)
55— [ MRC (R.0.)
Newly proliferated MRC (Tap water)
50 1 MRC (Tap water)
45 —
40 — _
35—
30 T
25 —
20
15 —
10
5 |
0
1 day 2 day 3day 4 day
Days after transfer
MR MR MR
Fg,51:1.12 P 0.05
two-way ANOVA

MR
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Number of cells/ mm

40 -

35

30

25

20

15

10

B Newly proliferated MRC (R.O.)

[ MRC (R.0.)
Newly proliferated MRC (Tap water)
1 MRC (Tap water)

1 day 2 day 3 day 4 day
Days after transfer

MR MR MR

MR

Fos1 276 P 0.05 two-way ANOVA



Number of cells/ mm

20
[ Newly proliferated MRC (R.O.)

18 - 1 Newly proliferated MRC (Tap water)

16

14 -

1 day 2 day 3 day 4 day 7 day
Days after transfer

MR
MR
LSMEANS P 0.05
MR
MR
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Number of cells/ mm

[ Newly proliferated MRC (R.O.)
1 Newly proliferated MRC (Tap water)
4
3
2
14
NER

1 day 2 day

3 day 4 day 7 day

Days after transfer

MR

MR

Fos1 1.62 P=0.13 two-way ANOVA
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Number of cells/ mm

B Newly proliferated MRC (R.O.)
[ Newly proliferated cell (R.O.)

45 - 7 Newly proliferated MRC (Tap water)
404 1 Newly proliferated cell (Tap water)
35
30
25 T
20
15 H
10 H

54

0

1 day 2 day 3 day 4 day 7 day
Days after transfer
MR
Fos1 043 P 091
two-way ANOVA
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Number of cells/ mm

20

B Newly proliferated MRC (R.O.)
[ Newly proliferated cell (R.O.)
18 + Newly proliferated MRC (Tap water)
1 Newly proliferated cell (Tap water)
16
14 -
12 -
104 71
8 -
6 -
4 -
2
0

1 day 2 day

3 day 4 day 7 day

Days after transfer

MR

Fos1

141 P 021 two-way ANOVA
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