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L k) Na ClI K Ca Mg SO, Urea R&EKE
(mmol) (mOsmol)
3K 450 524 9 10 53 27 0 1029
485 508 10 6 26 18 3 1034

247 221 8 3 5 2 342 1030

&K 175 155 3 2 3 1 3 377
7F¥ 3

sk 150 105 3 2 2 0 2 328
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H 4%l Salmonidae

A+ & Hucho

4 JFJ& Salvelinus

H JLEJE Salmo

Y4 J& Oncorhynchus
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140E 160E 180 160W 140W
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Cannery Creek Hatchery
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- e e;y Solomon Gulch Hatchery
Armin F. Koernig Hatchery
60N - u Gastineau Hatchery
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Alaska

Hidden Falls Hatchery

Bering Sea
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e 40%: 3
The apical surface of
Seawater type ionocytes are freshwater type ionocyte is
generally larger and contain a broad and contains numerous
deep apical crypt microvilli

McCormick Amer. Zool., 41:781-794 (2001)
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MRC - mitochondrionrich cell (3EZE#HAT)
PVC - pavement cell (RE#4A) (Evans et al. Physiol Rev 85: 97-177, 2005)
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e Growth hormone (FEERRILEY)
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Endocrine control of osmoregulation
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Changes in plasma hormone levels following seawater
transformation in juvenile chum salmon
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(1) 7RI LR T (NKA) A
AF U BEZE1ES.
(2) 174> DB ECH NKCC ZFFf
NI IREN LGS,
(2a) NKAIZE&K->THRID LA
ZHB
(3) h) D LAA D LR T
[CRYUHEH SN D.
g (4) 2R ALFA 2 HCFTRAS
i ankay gRZ3)
(5)7a)kFA4A>DHEHIZEL-
blood THREDIERNEHEIC
KT FRIDLAFUH

. . MR Z B> THEH S
Sodium/potassium pump Na/K-ATPase (NKA) na.

SW

Na-K-Cl cotransporter (NKCC)

Cystic fibrosis transmembrane conductance regulator (CFTR)

(Evans et al. Physiol Rev 85: 97-177, 2005)
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Apical K
HR cell
Basolateral
Na+
K*-secreting (KS) Na*-CI- cotransporter (NCC) Na*-K+*-ATPase-rich (NaR) H*-ATPase-rich (HR)
AE1 - anion exchangerlb NBC1 - electrogenic Na*-HO3~ cotransporter 1b
CA2 - carbonic anhydrase 2-like a NCX - Na*/Ca2* exchangerlb,
CA15 - carbonic anhydrase 15a NHE - Na*/H* exchanger 3b,
CIC - CI~ channel NAK.1~5 - Na*-K*-ATPase al subunit subtypes (atplala.1~5)
ECaC - epithelial Ca2* channel PMCA - plasma membrane Ca2*-ATPase 2
HA - H*-ATPase Rhcgl - rhesus glycoprotein

ROMK - renal outer medullary K* channel (Kir1.1)

(Hwang and Chou Pflugers Arch (2013) 465:1233-1247)
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freshwater/ iﬁ 7]( ﬁ 7k

seawater
|
Type | Type Il Type lll Type IV
K* H* K* H* CI- K* Na*
apical
NCC2
( )
Nat CI
2K* 2K* 2K* 2K* K* Na* 2CI
(W oo (s
basolateral
3Na* 3Na* Cl Na* HCO; 3Na* 3Na*

Hiroi et al. (2005) J Exp Biol. 208:2023-2036.
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L k) Na CI K Ca Mg SO, Urea ZE&EHFE
(mmol) (mOsmol)

ok 450 524 9 10 53 27 0O 1029

Ravrx 5 ‘N 485508 10 6 26 18 3 1034

247 221 8 3 5 2 342 1030

&K 175 155 3 2 3 1 3 377
7F¥ a

sk 150 105 3 2 2 0 2 328
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Plasma ion concentration of saltwater fish

Na Cl K Ca Mg SO, Urea osmoticpressure

(mmol) (mOsmol)

BK 450 524 9 o 53 27 0 1029

485 508|110 |6 26 18 3 1034

247 221 8 |3 5 2 342 1030

175 155 3 |2 3 1 3 377

150 105 3|12 2 O 2 328
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freshwater/ 5& 7k

seawater

|
Type | Type Il Type lll
H K*
apical @
Na
2K
basolateral @
3Na* 3Na* Cl Na* HCO; 3Na*

BB S I K TF v RIL(ROMK) M T4SET7 DIELEMAD
7)o LEHEIZEHh o TULNA.

Furukawa et al. (2014) Am J Physiol Regul Integr Comp Physiol 307:R1303-12
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Fukushima Nuclear
Power Plant

Active quasi-Cs137
200 (BAK9)
100
50
10

7 2L (Plecoglossus)

Mizuno and Kubo, Sci Rep. 2013;3:1742. doi: 10.1038/srep01742.
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Type | Type Il
K+

apical

basolateral M

3Na* 3Na* Cl Na* HCOj

BB S I K TF v RIL(ROMK) M T4SET7 DIELEMAD
7)o LEHEIZEHh o TULNA.

Furukawa et al. (2014) Am J Physiol Regul Integr Comp Physiol 307:R1303-12
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