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Immunohistochemical observation of TASK-1 channels in the phrenic motoneurons of the rat
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Sevoflurane-induced respiratory depression has been reported to be due to the action on phrenic motor
neurons. Two pore domain acid-sensitive K -1 (TASK-1) channels, which have sensitivity to sevoflurane,
have been reported to be densely expressed in the spinal cord. We examined whether the TASK-1 channels
in phrenic motor neurons were stained by immunohistochemical technique or not. Activity of the phrenic
motor neuron was recorded by whole cell patch clamp technique in the isolated brainstem-spinal cord of
neonatal rats. The electrode solution contained with Lucifer Yellow. After fixation of the preparation, the
spinal-cord was cross-sectioned into a 40um thick slice. The TASK-1 channels of the slice were stained by
immunohistochemical technique. The TASK-1 channels were expressed in the motor neurons of the ventral
horn of the spinal cord. The phrenic motor neuron which presented the fluorescence of Lucifer Yellow also
expressed the TASK-1 channels.

TASK-1 channel in phrenic motor neurons by sevoflurane may induce an increase in K conductance (i.e.,

Considering the data and our previous study, it seems that activation of
K" leakage), resulting in respiratory depression.

Keywords : Two pore domain acid-sensitive K* -1 channel , Phrenic motor neuron, Immunohistochemistry,

Respiratory depression, Isolated brainstem-spinal cord

1. [XE®HIC SR ST Zgn 2

Tex3HET v b ODHi‘x’Jﬁ% FREAZ AV, BA

53 1 EM BRI FRAT SO AR R 2 &
K'F ¥ x/biE 100 LLES OFfEMEIC ED 2 L AW G
MERSTND, ThbERELI GITDH LT
=y FORE®E (pore) 2 1 HHDH WL 2FHY E—
MUz EESh D, —REE@BICIIREAMRS M
K" (K,) F¥rAWmE &t KW (Ky) 7 %
ANRBH Y, BRSO CEIILREN 2 HRFT 5
ECEERBHEAEZL TS, 2HY E— MY (Two
pore domain K* channel; K,p channel) (%, #7 ==
f\é?‘//\°775§6IEIH¥<;I=LLTé%>@&4IE]H%E\LT5
HOWHFAINTUWSD, Ky channel 1ZH K& 72
T2V —=0BHDHN, FTOENEENIZOW Tt

REESEE AR 7 L 7 DB EE = 2 — 1 D
BN EZBSMESESD Z LA LML Y, Smith
Hld, ERTZALZ U ETHFZETD =2 —12 20
Kop F ¥ 1L, HFIC
sensitive K") Fx X)L DOH 7 ¥ A4 7 ThDH TASK-1
F v XVEIEMEAL L TOMM E OERAHMIE L 2
LEBELTND Y, ZoZens, ERTIALT
I X AMRARET = = — o iR R T LT
V3 TASK-1 F ¥ RVEIEME(L L CRltlaN o K %
FHESEsZLIckd b0 L Bbhni ),
LEXY, RWFFETIE, BRTNT ORI
2 TASK -1 Fy¥ raNTHEEHLMNITDH

TASK (Two pore domain acid-

- 140 —



RSN S S

7=, FET v b HEERNES IR A 2 O TR R
FIEEN = 2 — 1 BT D TASK-1 F ¥ /L&
FARREERIC e L, ZOFELRRETHZ & &2 H
e L,

2. Ak

2.1 HERARES-1—0>ORE
FAEZ v b (0~4 BiR) Z=—T VIEREET T
TR - FBEA R U7, 1 M B A R
FL L= N LB (ACSF, pH 7.4) CHEVTHERF
Lice IR T LD ITHEAREZH ASHRE (C4) L
AL L, BT S EEVE IR R O BT TS e
% X O \CBEm 2R L CREMI A iz g C,
JEREER 5y 2 A v ¥ 2 TREE Lo, PR M OIS B)
ZARIRAP R 2 5 et A SHEHATAR (C4) 22O Rlgk L
7=, SHBEUIWTE ORI ICHUNEMAZFFAL, C4 &
L CRATIH=a—a L TH—LtEL
Ry F U750 FiEE LTINS L ¢, #/h
RO BRI E a5, Lucifer Yellow % AT
B LT, MBUMAEA TR L2 —r
g A

2.2  TASK-1F v RIILORFMABFENEE

Lucifer Yellow CHEk U 7 - FBEAE A 2 4% /3
FARNLT VT e R (PFA) T2~8KFfH[EE L 7=,
DUV T, 30%sucrose/0.1M H1E: U U lgfEE K (PB
S) TE#L7-%, OCTCWML, Z7UAARHZ v |k
THOUmDE S THYI L, #RO R 2/ER L, 2
DOIF, HEPAIREE 2 V) CTLucifer Yellow CHEGE
NWTEL AR L, IR R CEATA A%
HLOZ S R F RSO K D Y ta & 4T 5 72,
— KPR (27 FH TASK-1 HilK (Alomonefh1:
200) % B S H 7o, PBSUei#% —kFiik & L THt
7 %% IgG-biotinylated HLIA (1:200)% Shix S H 7z,
S B [ Zstrepto-avidin-TRITC  (1:50)% i S 7z,
Laser Scanning Microscope (A U > /X248 Flu
oview300) % T, Lucifer Yellow3 X O'TRITC
DOENEMR LFEE LT-RICEERY LT,

W4

139~143 & (2012)

mV
-40

Phr -60
-80

| [s Tt | SSSESE L SR | S

1. BEENSERERLDOEBHEESH=1—
Or Ok, £X : BALEBORE, AF : #
fRti%Eg—1—0O> (Phr) OFR—IILEILERER,
JC4, 4 TEHBOERIEEBDESE,

3. BR
1 DOERFMVIL, F—NAEr T 7 T TFIEIC
£ o TRigk S 7RI ER = = — v OMIfa N
R TH D, MRMEREZET C4 AR DOIEE
(Jca) ICEBIL T, BARMRER =2 —1
(Phr) 3P0 LA AL TND Z ERD0ND,
= a—n U OFEEMNIEIZ Lucifer Yellow % Al
TEBLZET, Bl —a N iEHR I,
B4 2 1% C3~C4 L~V FRlATA OREErEl 7 kG
TH D, Lucifer Yellow THEFM S U7 A5 [ A1 e Bl
Za—mUEROEEEFE LW (K2 B |
Z OO TASK-1 % S 5|2 TRITC THET5 &,
REREICE N R T Hma—un U BEE S (K
2 ) . ZoZ b, 2L oFMATAMRIC,
TASK-1 F % R ABIFEL TS Z E VKA L 7=,
Lucifer Yellow £ & TASK-1 7+ x /Lg% ERH
5 &, Lucifer Yellow CHEfisiz=a2—m
ETASK-1 Fy Fh=a—m L ER—HKLTND D
EmD (M2 BA) o 2o FRIL, FUEAR
IZ TASK-1 X7 F REKIS ST D TH D, RE
DEIENPRKELJLTTHZ 00, EROIEN
TASK-1 |Z%f L THREITH D Z AR LT D,
AHFFETIL 3 B ORERRARFRIER) = = — v & gk
L7278, Z DT XTI TASK-1 F ¥ RV DFEHL L 1F
TEEMERT D ENTET,

- 141 -



A B BIRMREES) = =

4. ER

ARFFETIE, BRRRMPIRIES) = = — 2 12 TASK-1
F ¥ FANFEEL TN D Z L& ik b a0
O LTz, ZAUT XY, W ABRRERSRIZ K 2 EU 4
O E LT, TASK-1 F ¥ R/ADIEMHALA TR <
R E T,

HIHXIZ 38T TASK-1 F ¥ RV ITIERE O & A%
Yma—ny Y, FHEMRES = 2 —a ) R
BoEfh=x—or YT LTS Z L RWE
ENTW5, RIFFERICBWTY, FRERTAOMIA
DREMR=2—1 21T TASK-1 F ¥ F /L DIEAED e
Bantz (K2) .,

TR T NNT ATRE D W AR O VE B
FAZOWTIIRZH S 20T 2> TR, Fox 138
7w NOKE - FEIEARZ Y, ERTALT %
TREOAIAER S/ 72 & T — R EOFERE &
ENDHE 4 SHBERTR (C4) MRRIGE) OFE S EIE

o

—n & TASK-1 F v /v

WoTHZ &, EICORMER SE T & &I
BT 223, ZOWIELS D LignZ L2 6
MLz Y, &bl TR D C4 IEB ORI
%, EARTANT ALY ERRER =2 —a D
BN DSEST 5 2 L E LM LTS,
TR T IVT W GABAL U & 7 H —DiEMHALE N
UBRBER 28 S 232 E R RB I TN D,
Fxld, BRTZ VT T K DR E O RE D A
GABA, V7 Z—fifiAle s 7 UV > o5 CTEIE
THZEEALNILTWD, Tk, RO
PIHNZBI L TiX GABAL, V7% —2 5 LT\ 5
ZLERLTNVWD, LnLAans, HFH O
REH =2 —a OB RTILT AL DS MmITE
77V Ak oTRE LW EH/RLTNS, L
Tehio T, FHMOBRHARED = 2 — 2 x5
TR TNT O RIL GABAL V&7 ¥ —LIst
OWFIZE > TEREIND Z EBN R Iz, T72

Phrenic neuron

Lucifer Yellow

Task1 Ab

Taskl Ab +
Task1 peptide

Task1

merge

X 2. Lucifer Yellow 2k 2 ERAZREH -_1—0OVORTE (LX) & TASK-1 Fv RO REMASIEFHEE
(Edh) . Lucifer Yellow MM & TASK-1 F v RILHALMBEAEL >TNWSZ EADMND (ERH) , TEIL,
TASK-1 RTF RERIGSE D EIZED AT« Tar rO—)L,

- 142 —



e S PNE 2 W

bbb, RFFROFRENS, WARRIEIZ L 5T %
N9 B R ANH O IR & LT, TASK-1 F ¥ R/LD
TEPE(E 2358 < R STz,

W AR~ 1 7 28 TASK-1 F v /L &35 AL
THZEEFELHMOLNTEY, ZOEME LT KA
FUOFHERINESES 2, ZOFMER, HILEEN
PR 720, WROBMEEMETT 5, BERAT7LT
> OREW AN BERR R = = — 1 > TASK-1
F ¥ FEN L CHEEZKFTEIES EBbhi,

TASK-1 F ¥ x/Li%, MIasMNE OB T <
NHZERBESATWD O A%iE, B
REE = 2 — o e L CERERAEHRSEERZITV,
K Bkt 28R 70T v L OMIRANE pH ©
R TONERD D,

5. EBHNEE

FREW DI P MBI L TiE,  TAEERSA R
K28 BRI B4 D ERRUFEE ) (AARAES R
Rk 15 FFET) (SHEoTz, Ee, AWPIEIE, fEE
FREORFARMEEREHE ) ERE B S O KR
(URACO08-01) #4372bDTh %,

6. B

AWP7EE, FEEEER I FEbF R (PR 22~
23EFE) OPRERZLDOTH D,

7. X#k

1)  Goldstein SA, Bockenhauer D, O'Kelly I, Zilberberg N.
Potassium leak channels and the KCNK family of two-p-
domain subunits Nature Reviews Neuroscience 2001 ;
2:175-184.

2)  Bayliss DA, Sirois JE, Talley EM. The TASK family:
two-pore domain background K' channels. Mol Interv.
2003 Jun ; 3 (4) : 205-219.

3)  Kuribayashi J, Sakuraba S, Kashiwagi M, Hatori E,
Tsujita M, Hosokawa Y, Takeda J, Kuwana S. Neural

of  sevoflurane-induced

mechanisms respiratory

depression in newborn rats. Anesthesiology.

W4

4

5)

6)

7)

8)

9)

10)

11)

- 143 -

139~143 H (2012)

2008 ; 109 : 233-242.

Smith JC, Ellenberger HH, Ballanyi K, Richter DW,
Feldman JL. Pre-Botzinger complex: a brainstem region
that may generate respiratory rhythm in mammals.
Science. 1991 ; 254 (5032) : 726-729.

Sirois JE, Lei Q, Talley EM, Lynch C 3rd, Bayliss DA.
The TASK-1 two-pore domain K* channel is a molecular
substrate for neuronal effects of inhalation anesthetics. J
Neurosci. 2000 ; 20 (17) : 6347-6354.

Kuwana S, Okada Y, Natsui T. Effects of extracellular
calcium and magnesium on central respiratory control in
the brainstem-spinal cord of neonatal rat. Brain Res.
1998 ; 786 : 194-204.

Larkman PM, Perkins EM. A TASK-like pH- and amine-
sensitive ‘leak’ K' conductance regulates neonatal rat
facial motoneuron excitability in vitro. Eur J Neurosci.
2005 ;21 : 679-691.

Talley EM, Solorzano G, Lei Q, Kim D, Bayliss DA.
CNS distribution of members of the two-pore-domain
(KCNK) potassium channel family. J Neurosci. 2001 ;
21:7491-7505.

Washburn CP, Sirois JE, Talley EM, Guyenet PG,
Bayliss DA. Serotonergic raphe neurons express TASK
channel transcripts and a TASK-like pH- and halothane-
sensitive K" conductance. J Neurosci. 2002 ; 22 (4) :
1256-1265.

Koizumi H, Smerin SE, Yamanishi T, Moorjani BR,
Zhang R, Smith JC. TASK channels contribute to the
K'-dominated leak current regulating respiratory rhythm
generation in vitro. J Neurosci. 2010 ; 30 (12) : 4273-
4284.

Duprat F, Lesage F, Fink M, Reyes R, Heurteaux C,
Lazdunski M. TASK, a human background K" channel
to sense external pH variations near physiological pH.
EMBO J. 1997 ; 16 (17) : 5464-5471.



