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A10. Microglia-triggered hypoexcitability plasticity of
pyramidal neurons in the rat medial prefrontal cortex
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Lipopolysaccharide (LPS), an outer component of Gram-
negative bacteria, induces a strong response of innate im-
munity via microglia, which triggers a modulation of the
intrinsic excitability of neurons. However, it is unclear
whether the modulation of neurophysiological properties
is similar among neurons. Here, we found the hypoexcit-
ability of layer 5 (L5) pyramidal neurons after exposure to
LPS in the medial prefrontal cortex (mPFC) of juvenile
rats. We recorded the firing frequency of L5 pyramidal
neurons long-lastingly under in vitro whole-cell patch-
clamp, and we found the firing frequency of L5 pyramidal
neurons decreased under the application of LPS. Decrease
in the excitability against LPS-exposure was also found in
1L2/3 pyramidal neurons but not in fast-spiking interneu-
rons. The decrease in the intrinsic excitability by immune-
activation was underlain by an increased activity of small-
conductance Ca?*-activated K* channels (SK-channels) in
the pyramidal neurons and tumor necrosis factor (TNF)-o.
released from microglia. Furthermore, we revealed the re-
duction in the intrinsic excitability of L5 pyramidal neu-
rons was dependent on the intraneuronal Ca’* and PP2B.
Decrease in the frequency of spontaneous inhibitory syn-
aptic transmission reflects network hypoactivity. These
results suggest the hypoexcitability in pyramidal neurons
results from upregulation of SK channels via Ca*'-
dependent phosphatase during acute inflammation in the
mPFC. Such a mechanism is contrast to that of cerebellar

Purkinje cells, in which immune activation induces the hy-
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perexcitability via downregulation of SK channels. There-
fore, our results suggest that the directionality of the in-
trinsic plasticity by microglia are not consistent, depend-

ing on the brain region and the cell type. (COIL: none)
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AT AEER = 2 — 0 VBB ORIBIC, D2 F—83 ¥
SHRREAET AR 2 —a VEH O ICEb 2 &
2 HONTWD, TEBYBIIAR ML O R B A 32 LS
B, TORBESAT OB LD MG o ZfEE o
Za—0 YOS ED X BT B A E5h o T
BOF, H =2 —0roEOEIHT S K=t v
ORBIARPTH L. KRifgECiIBMEhkoikit=a—oa v
OW, HHEE= 2 —o o AT E AR F—
NI RGO W T L 72 SEBRICIE D2 K=o v
ZHREERFOZ 2 -0 ICYFP 2 RBLES R MT U X
V= sy ANOIER LB A T A AR E
L, D2ZHEKT TR P& AT A ARG LR & % T,
KB 2 & HRGARA D ATIRHEN RS U R 9k Sk o 5
% D BROBELNME G 2 BN = 2 — 0 Y OIRE
KED AL Z IV T B A A= ¥ FFEICE Y T (R
WA % L)

A19. BEMEEEA X —2 > T D= DEMME L ARE
A= T AT LOHER

ORgls#lF ', NIMASRET !, B 24, HAHEE',
AN T2 (CRBOR SRR AEBERE 2 R FE R A AR E A
A=Y Y7, HEHGEAE TR - QB S 1 o AR
a5 —)

JLAE, invivo ZHIEA A= ¥ T ERAT) 72012, T
RSV SN TWEDS, TOHER, WK A
A=Y v TIENEETH A Z IR T, HEIBEE T Ly
ARXA=T T %FTHIENTERN., T TERADT NV —
7T, HHTE TOEMICH LT, MoEEOHEOZ
A A= ¥ 7 &RAT ) 720 ORI AL A X —D
v 27" A5 2 (Ultra-thin Fluorescence Endoscope Imag-
ing System, U-FEIS) #Bi% L C\w%. Z® U-FEIS #
WA A= T YT LODH L, A ORFERNRT
BB AKMIEEERGED A X =D ¥ ZIIRIZEI L
T, 22T, A FGNBEOEMEEEEZ RIS 5

LI, RO LBEODI, FIEGE, L AR
DB %175 72, K& TIE, U-FEIS ORI &N 5
LT, TOEMERE N YR, MIEA A — T ¥ T O
RIZOWTHET 5. (FIFRMEK Z=L)

A20. BRHlEXAEHEA A ST AT LICELD Y
) ZAERIBE CA1Cat 1 A=Y

OJIRMAIET ", RINERE W 152 AREAC
B A NN Y (CRBROR B 25 R AT FE R R A
HBUEBEEREA X — ¥ > 7, Bl BERR K 5 S v R B
get vy — A - RLIRERESEE)

AR, OGRS % 72 In vivo Ca? 4 A=~
TH TN TN D25, FEAEMZZ &R, g, Bl
TET, HEEBOA 2= v 7P EEETH 5 2 & HHE
LENTVWE., INSORMENEZRIT 5212, BRE
T, WMEENEEEA A — Y v 7 ¥ A7 & UFEIS
(Ultra-thin Fluorescence Endoscope Imaging System) %
BFE L CTWw5. 2o U-FEIS I, mik o b7 Ehke s o
MENZWIRT 5 2 L HETH S, 2O U-FEIS 2 Hw
T, Thyl-G-CaMP7 ~ 7 Z Oyl B gtk [nl > CA1 oA
PRI B O BIgE 2 M L, BEUREES ) 74 Ak
DUHDOEHMIA A=Y > ZITHI L7z, AREETIE, Z
DCAR=T Y TDIDD, YOFWH, A A—-IV 7
TWET— 5 O, Z21LC, Hoh/T—no0
MBOREEE VY =T 4 ¥ 7 ORRICOWTRAT 5.
(FIZRAHEC 722 L)

A21. EEREEMKENE Y H &% MRI K 5 EE)
B ERD A X -T2 T

O TFHME", A, B A—RE >, HAER
FRIEH S AU FE (CRBRKRFERFBEE S R0
FHRME R AR B A A — Y v 7, ) KRR Gtk
HEWFZERE, I SOl S r el - BOR s Sl fE R G
et ¥ —)

TEBYEF R0 KN IE AL (LR BY O BB B b B I E LT
MOENTWEDS, EROBENIREICZ NS OFIE GO 720K
ERBED L IHEH L THBDONIEH SN TIE RV, #
AL, ERINEBMRAENEY 2 U #EE MRI (QAIM-
MRI) 2 & % {th BB B R SR 0 n[ AL & ik 7z, 2D
gAIM-MRI 1, < ¥ 7 w514 1.3 W B o st B) %
2448 W #4212 MRIRf% 3 % 2 & C, &N ik B e i
BIMETEBHFBEA A -V ETHS. u—r—0vy
FORML—Z V7&K TWEY Y AL~ > 7
PG L, 2RMBICE—y—ay FFAMNERL, T
BoOMBETEI E 01— % — 1y N5 2 b Opit & ORIHIE
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DB B A D [F E % R 7.

SEB L BOMEERI 0 — 5 —0 Y N7 2 F Ok e
PHBECIEOHBEZRLTW ., $72, FETIREDOHY
BB E NI, ZOREN S, BICHFREADY T AT,
TN HE A O PR B | LT B A L B G- L T 2 1) g A
Wz EAVRB SRz, (FIRHIK % L)

Bl. [OEHHRESEMHBIBEET N EERE ( EMRREE
ICA&HhEBHE/NT X —2REL

OYFMIRIL, WK T2, WERFRZ°, & KY =+
HBE, KE 82 (7 ar i R 54 A BE 2% B F 8 5%
i O NG 8 R e A SR g o o o I B i N o Vet ]
FRBEIEBR SR NRE, R R R R AR B

v MLEBHHNLE TV (HuVEC) ORER /S5 A —% %
ZAL$ B L, WMEEMEENZET S LT, Z
NENOBRDOEHERTIENTESL. LirL, WIEL
NV EBZ T, FY RO R RIS T OBHRTFl~
OBHETFNVOFEAITERE LTHRLNTWS, FKIZ
WAHWAHEZ LNDH, HEARMICHINLE 7V HIROE =N
2 MEE (validation) 2SAR L TWA I EIZX B, ThEfi
W BHITIE, BFVINS XA =7 2 RBBINR NS X — 5 5l
EFFC L - TEEL, fskSN7iks RIGBIEMN L%
T& L2 AFPICIEREICHE T & 2 9% 950 2 )
H5H. LarL, IEEMIE 10 FE Lo A F Y EHRAHIIL
RAF LTV, ZOEMMIC LT, I CRrELT
HEORIBNIFEEWE SN TRV, Fridro— Ul
T % iPSC HA LA O D T LB 2 LB AL &
HuVEC ®/35 X = Z i bic K-> TH L BEHHTE S
Wl kAW L0 TlET 5. adfbizid, wb
B 2287 — = F TN TY XA %I L7z, (FIZSH R
L)

B2. E-4031 (2L % hERG F+ R ILPHESHR DEIEET
Ut

OWaESs, ETHHYE, R AR THE, HEEFkK
A, K R GrarfE R aEk )

BAARAENE K- F v AV Tdh B hERG F % 1 )L D fH 5=
&, MEAEIRMEOIRETH 2 0ER QT EEZ 25 L
IS OERE L 7o o T WD, T 72, AIEOBIY Tldin
silico &7 WV & V7o Z Vil FE o T b,
AT, ORI T hERG F ¥ &V A5H ) B,
Ik BT NVICKT 2 W ER R HME TV CTRIT S
ZEERADL. LIRS LT, O Hara & Rudy ® k& bl
FEHMLE T VAR TN TVD [ B F VIR
MxHHTLET VMR AENZFAF Iy 27 ORd E

28 B45 Vol.84, No.1 (Pt2) 2022

FUDBREENTWS (Lietal, 2017). Fxldb MO
HkE 7V (HuVEC €5 )V, Himeno et al, 2015) (241 A 54
FNTVD [ ETNVER=ZZ, BHOEHRT—% (Ka-
miya et al., 2006) % 2 L T E-4031 12 & 2 Jil o5 BE Al ek
PHBTAEFTVEMELL. BRLAERT— 5 T3 2
DODRKESORLDGERDHED > TWDE I EATREIN
THEY, REFVTIE, EWHRETIMZATLI SDET IV
TIEHBTE Lo 2R RGOSR 2 BT 5 2
EDTEOT, WiET L. (R % L)

B3. {EHMBEBIEETIVICE T ARIEEL, wiEE
E, Na Fv 3 JVEES, EEECSFRREICHT 2#an
NatBEREX H=X L

Ot sedr, /AMMIRE, HEFORT, R % GravfE
REEAAREEE)

LA O IE I Ca* IREE AT L CTHAET 5. f
A, DB OB, Na F v 2 OVEHEIX Ca® ik % LA X
o, WA & W 5. MilE T Vv E VPG Y I 2
L—3 g YERT, FIMEREOMIN Ca? EVKT &
PO T 2D 72032 edbhole. DL RiRSE
PO EICH B A H = AL OWRE, JHEEAMSYICE
WTHBH, EmWEHIEH T LIh v, 22
T, KWFFE T, O=EHMINE TV O Hara-Rudy €7V %
T, RMERE, R (CL), 5 B) A7 Fr i
(APD), I, BHESRIZXT 9 5 Na' Bl i g DRl € 7
WERESE LT [nERZHMIMSES &, L HITEMOMK
T&, FOVRECHOEMOETZ 3725 L, Na' AR
BT 5. L 12 X 5 NaHi i & i3 Na il & CL 233t
B9 %, [AEEOMNTC, Wi & Na' & & FHn & Na* &t
DT BN Na ELZF R T 5 2 LT, CL APD,
Ina BHEESS, FIILFEG RS % Na PR IE %2 35 % %
BEFNEAERTLIENTEL. FIRHK & L)

B4. BEFHMBRIRET LYY ADFERKEHICHITS
BEFEAIOT7 714027

OMIEEFIME Y, HIRRKRY, ROLgE " B &' PR
BN RAT (AL REM - FARE S, W
o HE )

B D72 2 F/GEBN X Z OB OK T %2 2
&, BWMAR—Z A= HHRO) 27 ZWINSE 5. AHF
eI, OB EMERIRO AN & 2 2N > 7 ) v
fRER W ST A 72002, BEIKEGEE €TV~ T A
ZHWT, -0 — 2 A — AR TH B RO
HORER BRI BUBMT 2 G L 72, 2 OfR, EERE T
T & R LT 141 BB T3 L T 7zoi2xk L
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T 553 IR F2FBURA L Twiz, RIZ, WERHOWE)
BAAERICGS-T5 4 F ¥ F v AVEETHOSHEZb
A VEBICHAE LT, BMET NV eHeart D707 5
2 [AEAE NG 2 8RR AT L2 2AIEHE
MREMIPIR L2 25, DHBOBPIEA + ¥ F v %
WK T I o 72 b D TH B 2 LRSIz, S5
GO T B X O GSEA T Tid, BIREZEW Z & 12, BBUKT
L 72ROV F— U 7 & ONITIE - S (SRS
HBIETHICEEICEITNLIEAW L. Thbb,
WEFEERROT ST EHEICBIT 24+ v F v %
W72 T AR OBEREZALASETE L T 2 WhEE DS
s, (FIEHE % L)

B5. €75 71 v 1 BREBRHEETINERVEERES
AR EOBKE

OdemAiHl Y, WA, BOBF, AFE=AL W
A CRPRERSERE RS — % - WAL2RANEE, P A
ks o))

BEEIRAE (PDAC) W b PHEVPEWEO—DTH Y, [
PR AFEE L2 BAETD SAFEALFED10% & Flil> T
W%, PDAC OF§f e L T OBEN <, FHEA
BRET-& LTHMEN TV 57, PDAC OFFERE D X 74
ZALFEEZEHEHIRTV RV, bhvbhiiET o
74 v v 2 BEBHE TV 2T, PDAC ORI %
BHL, WEBEMOBRE TR o7, BRE KWed 2 St
BHIEFVOEREWE LTiE~ 7 AWELHH S TY
LR, €T 574 v Y2 RERBIHE T VIZORM, @KE
HEREDSH TR, GWEAEWTH 570 —MliL NV T4
A=J Y THEE, L) FEE LD, BEFIEZRE%2 H
O OIIEIRIT A AL A B LAER T 525, X B
IS AR D Wi 2 ISR 3 5 7200, ZHits 2 H ok
FOMBEENITA AL A A LRREE TV & L7z,
PDAC Z ISR L 72 L IR L C, Bk 5 HH
T COEHEFITMRAENCBM L2 E L, AAMIo
B L 455 T o 72, YTAETIZ PDAC DAL & i35
BT OMEZRLMEbHASINDY, 7574
¥ 2 DM E T IVIEZEN S O T- OFEEE % T 2 H
MWy — Ve R0 REEIS S, (Rt L)

B6. Navi4 /v o777 €T 57«4y 1D

O Mz, T, AFEZN (RIREREER R
B 2 A B B )

FEFIAE O B AT AHE (NM]) 1B TR
25N 5. MHAETIE NM] (MO P ISBIC R L,
ERICERNIE 252 5 72D GB ML TH 5.

L LA THLET T 7 4 v ¥ 2Tk NMJ 3k 4
RICHAE ST 57280, 263 L D IGEIEM 2SLE TR Wil REd
BEZONDL. I TEAIMHTHEBAL T2 B
F b AF YAV (Navld) 2/ v 2772 bLT, €7
F74 v Y2 lBT HEEEMOAMEREZ AT
FRMEASF M) Yy AR E L, Navldx /v 7 T
T ML7eET T T4 v Y2 (NavKO) O I BAAKAT I 72
F R Y LEREF LN E R L. 208K, i
ORMATE ZFHI L 72 & 2 A, NavKO OBy aE ) 13857 4E
WEIZIEEDLL Lol ANV TTEAL A=V U TIT
X0, NavKO OIS CTAN T 7 A4 F ViR
BEALE EBiIFra P bFyy (TTX) FETTD
PR OBHERET T F L) IOEET A L ATERL
7o, INLOZLERETTT 4 v Y 2 OREHIZIEBEAL
DAL RS THHRRB LS 2 L 2R LT 5. (FlaMHIK
%L)

B7. UWWL —H—HENBEHFECTCOMBRANT - F
CAMP FEBE DB DR B REREIT
OfME K v (BROKKE - AEfhknk - AR5 EoE
)

L — e AR ST, MR B
FARDBICHRD R & 72 B 7%, RSP CRFTIC
r—Y MeAWE ST, ZOMEERL 2 &L
Thb, Frlddla, BERTEIZHT 2 M R EEDE
TdH 5 cAMP % Ca* HHHILHE L D b HIB A 21 T3
7 u Y CTHRIFMICEIC 2 & 2 BAEMENITHS 2L LT
WBDS, PEFHIREAT D £ O RNEMEE ALY 72 5 vl
WMET, WHOIEBIRYS 2 L 13hb DIz Loz <,
BEERDTFT— 7 AR LI V—DO AL ITHEL T
7272 DI T — ¥ LB TH 5. BEER, r—
U ARk, Ca? llSE% K W TRENRAT cAMP _E5-
W2RE9 Ca? AL HULICKTY L7228, 15512 Wi f§id b
B2 b oTid R, V—¥F—E/RICL MR/ E TS
VIV EELLOTH A, WHEILHBR IR T O &
AF&BELRIER S BVOT, WERPIEER S VTV b
ZEt LRTRBIT AR D 0TI 2w, A ENE, W7 —
¥ DWW 7T YLy b EER LI E - T, &L
TR MRS Ca? W B L BRI BV T b L &
N7=DT, ZOEBRHN 70t 2% TRA L. (RIS
K #%L)

)

B8. MREICHTBMER 2D Ca®*> TF UL T DK
BE Bl
Oyttt At B (BORKE - Aabkng - AEBSA0EsE
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BV IZBHE T cAMP %4 LT CNG F v AV 2B S
5. CNG F ¥ A IVEH NI MEN Ca®* EF1E, Clico
FrANICE B Y7 FUBIEE CNG F ¥ R VA~ND T 4 —
PNy 212X BIEGE WS 200 EBELEREZ . WE
HNTO Ca? IXILBLHIBR % 5205, BUNZEIC B W TR O
Mg & WMEDOMIT 25K EFH, —HT 2 L WMHFIEF v~
VD) ERZOENDBETH L. Ca¥ Off & 2 E R
MB720, MENCa> ¥4 F 3 7 A HEET 5 LEEN
HDHD, T VNV OBEOWMEEEIC LY, A&7
TOAEMEEEIIREE SNTE7 ABZETE, BXE
i, ORAT UV L—H—I12X %47 — ¥ N cAMP T, Ca> il
FKEMALDLET, RIRENOEYE Ca> B)EZ HN T 2
C AT L7z, EAVR 2 L2 UV LI 1S Ca it
ClLEr % Grbe B ASE R MR 5 O L RIS, BT Ca®
PLE R — AN 5 72, Z AU S 30 S TG IE 10 13 &4
wL7z, 2F 0, BFLAZEMTDmE b
EN, ClF ¥ 2 VIE CNG F ¥ RIVEIE & IC O RIETET
% il Ca? \C X o CTHIBI & 1, — 0, IS Ca®t & Ca?' &
5 R oYU BRI X > TR s s &
Zzohd, (R %L)

BY. BE#BAOENT =/ 21 THBIFICLBEAH
I X LEERI 7 O+ X DfFH

O/NE W, MRS HEds ! JR2 Nl 22 e 5
AR, ARHRIEA Y (BRI 3 BE R K AR A R B
SRS PREIN P S22 1Y)

BEH YU 2 2 OFELIUIAR 4 BB OFRE Y R 7 B & B
5. WAFTINTTIZ, TEY) X2 ARG RN R L
ENAVEEHY) X2EBFREIC Y 22 RIMRHET 5 &
Fal T AR LA F72, TOWELLT,
JFH, XM 0 S R & S i B BT S A S T O AL,
SR DR % 1 9 IRIATERF 2, RO, i bofd
HEER L2, Ihooffig, WURENoAZ LSS
TeBBEETELIC L o ¢, AR O E R A E L B 2 &
EHHEIORLZDDOTH S, LrLAHS, BHY XAk
EOFRAE R T3 2 B\ EFE R ORIED S IR AL T
LM E COEMEEWHS T HLEND L. 4, ke
&, flx oy A5, G, Mife, ML OEEL v
TOBZW e BRI A2 WIS T2 2 LT, A&k
A e b LA REZ ERT 5L 2ilAh7. <
% 2K D A BREA I IENT, RNAseq l2 & B vF v A2 7
b — N EAT, BRSSO IAT 72 02 X 2 B RS IO SRAT 12
FoT, RUMOBER Y XA#EICL DTSR SN D
BN 7 0 BRI B D W THE T 5. (RIS

30 B45 Vol.84, No.1 (Pt2) 2022

L)

B10. #BEEI 37 EF CLOCK/BMALT (Z & % {hEiEF
EHRENN DO TiH1ER

OMEFt e !, /IMBEW !, L, EBss Jk
X ILTE—ER S, JURHAIEA T C RRAT O R R A
AP PTTER K A OV A TR R AR SE I R A AR BT
Tt A5, CE AV AL ERMAFIERT - AL
ZEHT)

WHELEOBE AR, Ear W HO BB TH 5.
ARERHEENZ, ML NV CIIET 55, SAEMHIR £
PEESHIIZ IS BT, BEH IEEE O 3 FIRB) IR ST
ARSI BT IS FIRE AT IR S L% A%,
FEAERINC BT H EEHAIH S b & & oA
FTEIAWTH o7z, —HT, MHIEF»HHI STV 55
EMINCBWTIX, Hes7 DAT T4 7T 74— KNy 7 %3k
W & BAREIRIARE L T\ 5. ABFSETIE, SR
AT S T B CLOCK/BMALL % o il 119 12 B ik
SE5 L, RERFTORBIHEEL ) 52 L2 WG T 5.
RNA-seq I & % #7ERY 7 EAR T 56 BUBAT O 5 £, CLOCK/
BMALI &, Hes7 BB ®E S 2782 = 4 OJLHiIPH
B RS2 T 2 ehbholz. TNHOIZ ERD,
MM BT B AR OMHIE, Hes7 KRB~ T #:%
i <7z 12 CLOCK/BMALL 23 eIl #5217 5 2 L o
MR THD EHERIND, FIFMK L)

B11. 3XREFHEH S 2 XREBEANDETE (TS E W
BEDHIR U X LE1E

Offeifww 5, /NEW, MR B, SORHAEA UL
SRR R S A AR )

AL ARICBWT, Y7 b T =250 L ) ERoH Y
ALDPE S NS4 e B e B 5 2 LM & 25 T
Wa, RFEWR YT FELT, 3RO, WS, K
o285 L2 (AL 5% 2 8H)
HbB. LoL, 3L 2R THEH Y X &% Wik L 728
FE2ERv, 22T, TARIWMHY) A2 E2EE LCTREK
LAV CAEMBEREOIRE A SR L, 32875 2
RRDOLEFEI L DIREECZWHSMCTHIEEAMEL
7o, 21 HOEEMENGE LT, 3RME 2RROHE L
RAD 5 AMTHN S — OGBS X 00T X4, 1
BEY XL, GENY X LAOPEERITY, T A F—EITLD
BEH Y X 2 48EE % R 72, F 72, HRV AT & H AR
BOMMERZBAT EIRKD 2. S HICIERICEY 2H
MZE D% 17z, ZORER, 2 A THRIROE A5 I A
HAERIHML, #HY X 28 OHMBERIK & <21t
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L7z, & 512, AEMRIEEIOMAHRHIICIE, 2 I CTHR
RGBT OMAHBIRATK & e L7z N CTIIIEIR DR b &L
FLTCwz, DEXD, A EHE Y X2 8EE O
RO APIRRRE D IRTE 2 57 L, BB 0L I HE ) K
ZALZ MO MICTEL. (R L)

B12. BIHOBEENL AL LERBRIFYIZAD
BT IREEAM LS ES

ORMERzE, hia KR % GUIBKRFERE b EWR:
HBURAE LS5 )

[TFm] HAREZIEMOT S [720 ] oEPUHE I, i
DRI (BMI R & A OMBIBRICH 5 2 & H3ids
ENTwb (Kuroda et al, J. Acad. Nutr. Diet,, 2011). HA
KB EC D 22bod, 2B TESNTNS
W, ELAEFGRE T 2P KR TH B, E TR
geiL, [HEE % A L7272 LIIUEERAS, ToaKIEE 25
5] LWV IELE LT,

5] iR s 27288~ 2 (C57BL6) I2xf LT, 4§
EOWIE (AW - 23, BAENOAR, FAHOK) 12
WA O BZL 10% % HHEN S B2, 20172 5%
K2 -720b, AHZBVLE LGRSO TRHEi© &
By BRI Uy 7 REBTIE, a— 2l 25%
W% 15 500, BICHOR L 72,

ER]BWLEEETN—Z M4 R, B LB
AT, MeAM - BB X O CA IS L
2. F, BOREERT N R ML, R UBE & IR T,
BEAE - 2B CH BT L., i, BeA
BT, CHH0METYH, MEMLEEAELEITIAS
o

[ LR A2 A L7272 LHEIGRERIC X 0, esg
IVET 7 AHEABI Y, ZOTHERKIC R 725,
R 5 ERDPEDAWREESEZ SNE. (RIS 7%
L)

B13. 1BMEENICK > THEEEI N 3 PMP22 O - B&E
BEICH T H1RE

OJNIMZEALY, WlREZ ', FNAER® EkFE, AH
B, KRB, KPEEE&E, |’ s gk
PE - PFRAERRREIREY:, K - IR - 7 AW

(B ar=7 &GHERIED LD S, i -
AEHEN TS, EEHTOR - FHEICB W CHEER
SAFHA OV TOFMIAHTHS. GH, by
FIvEMEEGO~ Y 25O RNA ¥ — 7 T 0 A fiffi %
vy, BPEEENC XD SEBLE SN B MR & LT
PMP22 24l L, ZoZENIOWTHRE L7,

[J55] 3 bay kY 7ERHELEE (OCR) 7T v 7 A&
T F I AP =R LTHE L7

G R Eshix, IR & 2 P2 maEL,
BERE G PMP22 mRNA Bl B 2272, <7 2531
2B\ T, PMP22 13 & M sb, AR % A B8 L
7=, =7, = 2GS VT, PMP22 13 RANKL
Lo THEINHEMIER 2 ARICHE Lz, &5
2, PMP22 1%, RANKL {2 & 0 81 L 7z OCR % 47 &2 A
S7z. ERICHWz Yy A TORMBGHICL Y, BEE
i PMP22 3BULKBRE OB B 3% E L EOMBEEZRL
7.

(£ - i) D EoEBERELY, <7 AICBWT,
PMP22 (&, BRI 2 Jiili 3 2 /EHC L 0, PR EE)
2B EREIMERICES T AHBO~A + A4 2 ThH b
ZEAUREE N (RIS & L)

B14. Y AMREREICEET S 07-Z2AF M7+
FaY O SEE/BLAKEMN Ca>*F v RIVICK BBREE
ETQF: =y

OFFHERM 2, JIITEAE ", (REPELE] V2, o g e
rriRREE] Y (LA R AR AR RN AT JE A, ) 38
G AB, R T M SY)

< AGEMEMBIZB VT, TEFvay v (ACh) X
ML N Ca? i B ([Ca*']) %/ L CHEEB) O H k5
(CBF) & ¥l (CBD) % 120% 2¥n &, =72V ¥y,
MLA (07-nAChR BHEEH) T 110% (29%4> L 72. PNU282987
(a7-nAChR #1i#3%) 13 CBF & CBD % 110% |28 & €72
B, AR [Ca* LIHINEFRD SN Aoz, ZOHINE=
TV UTHESNS. ZORL, WMEORD [Ca'l
Bm% R L Cwa. KClERIE CBF, CBD, [Ca*']i %1
m&E, =72 YTt Ca’lfree IR THE XL,
OB T EMAKSE M Ca®'F ¥ &2V (Cavl2) & o7-
nAChR 28AEL Tz, 72, TL-13 1 MLA &% CBF
& CBD &5 &2z L, KEMEMEA S D ACh 47k
AURIE & N7z, AERTEICIE, ACh/07-nAChR/Cavl2 # —
b7 ) UBREAEAE L, MBS 2 ML L T/ (Figg
MK L)

B15. REMRENHEHLR S LSCEHHAMICH TS
Ezrin D& BIDOHKET

OIS, MR, ZRNE ", PR
MRRER] , REPEE] D (AR TR B
AR B RT ZEAA)

KB LEETIE, ZREMNRICBYTREDEY M3 HE
DOFNDIEGP B O HEFFICEE T A, Ezrin 1& apical X

2

* =
3 F

2
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TIRIET MBI Y 82 B ThY, AE kT,
MBI T E 7 5 apical HIBTO T 7 F ML B
BLOBE/MROERR, MEEBIFEICHEDS BT K
L) 2k (BAR) ORISR 55 % 19 w gtk
HHAH. KWFIETIE, Ezrin OFH % 5% LT IZHIH L 72
Ezrin / v 7 5 = A (Vil2 < 2) & T, &l
MEDEER B.AR ODRTEDHIEIZ BT % Ezrin O #H %
Mgt L7z,

FORRE, WER< Y ZO5EMHEITB VT, BARDS
Ezrin & subapical #HIKCTHFEHL TV L 2 LS L
%ol Vil2 < ZDMiZMEMIE S & O HRIC B
W, MEOBBIRKICHRE IR N Er o7z T2,
BRI~ 2 & Vil2 < 2 D% BT, 7
O 7u—VIiZk2MEEEO CBF & CBA Oz
L, BOSTEDIE T AR Sz, IBMX ALFIEZ I, B2k
Rl - Vil2ks < 7 A2 CBF, CBA @EWIIH SN2 H -
7z, Vil2¥"M w7 2 Tld, B:AR O subapical #I% T O FLEDS
W E TV PLEA S, Ezrin IZMiZHEMILICB W T
BAR HIIELHF O cAMP L~V F5HAZ X 2 MBS o i 2%
LICEEARE 2 2 LAVRB sz, (FIRHRK &
L)

B16. Transforming growth factor inhibits differentiation
into ependymal multiciliated cells in Vitro

OBaekgyu KIM', Takuya HIRAO', Kotoku
KAWAGUCHI', Takashi NAKAHARI, Shinji ASANO'

('Department of Molecular Physiology, College of Phar-
maceutical Sciences, Ritsumeikan University, “Research
Unit for Epithelial Physiology, Research Organization of
Science and Technology, Ritsumeikan University)

Ependymal cilia play pivotal roles in cerebrospinal fluid
flow. In the primary culture system, undifferentiated glial
cells differentiate well into ependymal multiciliated cells
(MCCs) in the absence of FBS. However, the substances in
FBS which inhibit this differentiation process have not
been clarified yet. Here, we studied the effects of some cy-
tokines on differentiation to MCCs. [Methods] Undifferenti-
ated glial cells were prepared from the whole brain of
newborn mice. Ependymal MCCs were stained by using
an anti-acetyl tubulin antibody, and the number of MCCs
was counted. [Results] The percentage of MCCs to total
cells after 4 weeks of culture in the presence and absence
of FBS was 30 and 60 %, respectively. Transforming
growth factor-Bl (TGF-B1) also inhibited differentiation

into MCCs to a similar extent as FBS. These results indi-
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cate TGF-Bl is one of the substances included in FBS

which inhibits the differentiation into process. (COIL: none)

B17. 19FAA—Y 2 FIC&BPIP2ENLEAA >
F v ZIVENRERI D IEAR

OUFRIRE, FIA R KBRS 4 A BL%)

H) T NEMARSEE (Kv) 7% 2vid, Bie 2llikoE
ARIEAEZHM LTV 5D, Kv Fx A Voflfizg, 17 ¥
PV UIREO—HTH S PIP2 25 L T\ 5. PIP2
BF X AVEHET 2L LT, Fyravor—7+4
YIRIME R T A F I 2 AHBME V) 20D RAH =KL
DWEZLNL. INFETIE, ZLOWMENHHEICERLT
Wb —hT, BEOHEEIZEEEDICENTER T2,
PIP2 I3ANRF T2 5 A VHEE v + (CCP) IZFET
HZETIXY - VNS b= 2%HILTEY,
JARENI BV TR — L0 4i R LT 5. PIP2 2SR 1ET
LEEIE, FYAVDY A F I 7 AEBEE L 2 5N
M, FTOFAF I 7 ADOELET ¥ A VO & T
KBRS 2 L PEN L. RIFJETIE, F v &L & PIP2
OMEMERZ 1 50F A4 X =Y ¥ 7 Tsr L, PIP2 2 L 72
Fx FNVOIEHAL L ¥4 F 3 2 ZZALOHBEBAGEZ W 5 A
W35 LERHIET. FREMEK %2 L)

B18. Voltage-Sensing Phosphatase (VSP) Promotes
Endocytosis-Dependent Nutrient Absorption in Entero-
cytes

OAdisorn Ratanayotha"!, Makoto Matsuda', Yukiko
Kimura®, Md. Israil Hossain', Shin-ichi Higashijima®,
Takafumi Kawai', Michio Ogasawara’®, Yasushi Oka-
mura' (‘Laboratory of Integrative Physiology, Depart-
ment of Physiology, Graduate School of Medicine, Osaka
University, °National Institutes of Natural Sciences, Ex-
ploratory Research Center on Life and Living Systems,
National Institute for Basic Biology, ‘Department of Biol-
ogy, Graduate School of Science, Chiba University, ‘De-
partment of Anatomy, Faculty of Medicine Siriraj Hospi-
tal, Mahidol University)

Voltage-sensing phosphatase (VSP) is a membrane pro-
tein that translates membrane electrical activities to intra-
cellular phosphoinositide signalings. VSP orthologs from
various species have been intensively studied in vitro for
their biophysical properties. However, their physiological
role in native cells remains largely unknown. Here we re-
port that zebrafish VSP (Dr-VSP) is functionally expressed

in lysosome-rich enterocytes (LREs) that mediate dietary
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protein absorption. Dr-VSP is mainly localized on intracel-
lular vesicles of LREs. Loss of Dr-VSP remarkably reduces
initial endosomal vesicles, potentially leading to nutrient
malabsorption and higher mortality in zebrafish larvae.
Our comparative study on a marine invertebrate Ciona in-
testinalis VSP (Ci-VSP) also revealed a homologous expres-
sion in absorptive epithelial cells of the Ciona digestive
tract, corresponding to zebrafish LREs. These findings sig-
nify a crucial role of VSP in promoting endocytosis-

dependent nutrient absorption in enterocytes. (COI: none)

B19. Conformational changes of ATP-gated channel P
2X2 induced by hyperpolarization

ORizki Tsari Andriani*, Yoshihiro Kubo (ZE¥4:fiff5E
FTAIFEBRE 35 T-IFZE3RM *current  affiliation @ KB K4~
REFBEE SR Fe R & A B 2 2R

P2X2 is a ligand-gated ion channel activated primarily
by ATP. The gating of this channel has been shown to be
not only dependent on [ATP] but also membrane voltage,
despite the absence of a canonical voltage sensor domain
within its structure. How the structural rearrangements
occur during the voltage-dependent gating remains elu-
sive. We aimed to analyze the structural movements of
[ATP]- and voltage-dependent gating of rat P2X2 receptor
by voltage-clamp fluorometry recording utilizing fluores-
cent unnatural amino acid (fUAA). Through genetic incor-
poration of an fUAA named Anap, sites of interest were la-
beled at individual positions of the P2X2 receptor. We ob-
served fast and linearly voltage-dependent fluorescence in-
tensity (F) changes at Ala337 and Ile341 in the TM2 do-
main, which could be due to the electrochromic effect, re-
flecting the presence of a converged electric field. We also
observed a hyperpolarized-induced conformational
changes at around Ala337 in TM2. Structure guided
mutagenesis studies at Ala337 in TM2 and Phe44 in TM1
suggested that the interaction between these two residues
in the ATP-bound open state is important for the [ATP]-
and voltage-dependent gating of P2X2 receptor. Taking
these results together, we propose that the voltage de-
pendence of the interaction within the converged electric

field underlies the voltage-dependent gating. (COI: none)

B20. E# CH#BEJ B Na-Pi cotransporter SLC34A3 M
1 7 > HX O & DR
O ®BI, KNSR, KRR, ERHES W

JIHEEF2 BATHER] Y CBOK - BERR - S & A B2, R
K- BEBEHISE - R AR)

HARND Y v OFEFEEZ MRS 5 2 & 3a TR R M
REICUHTCTH B, MY B B A & b 722 i B
W2 & o TR ICHI S TB Y, SLC34 cotransporter A&
BEicBr ) YEBRNOEELG5T L LTRESRTY
5. P 3l SLC34 D43 F-HEfe % BRI INT 3 % )ik %
37 L7z (Mizutani et al, 2019). ABIFETIZ Z 0Nz H
WTKIRMER ) ~ M < 290 O JE K@ {5 T Td 5 SLC
34A3(NaPi-llc) D) ¥k O A 2 7z FAc1d=
DDZEEAR (SI37F, R563C, 1196V) 124 H L T 247 -
7. NaPille 3ELAMICH OB REZ LT L2 P
TERVA, BREBATLZ L TRERICTLIENT
%% (Ilc-AAD). 2o Ilc-AAD EEMEEZR KIS D%
BAMEAL, GFP Lahe LzsfsT 2tk B2
Neuro2A (Zitfz 138 A L, Patch clamp i CHEIL% flék L
72, ZOFESR, SI137F & R563C D ELAE LB AR 0 50F2
BT LW/, — 5 TI196V OEHRMIZE A XN T
2 ERRRERIIN L T /e, SREE BN & T 72 SR AR IS
X, SI37F & R563C 2 S ARD ML F 12 JFAES 5 HASE
BRI Y HETLTW22ZEh5, BREOK NI
FOREROETICL S Z EAIRBEEI N/, —HTII96V
2RI I AR & AR RAE L Tz 2 e h b,
) YRR O TTHEARIE Sz (RIS 2 L)

B21. BEIEMAKRBICEET Z2EEGIRK F v RILDA F
> BIRM O FRHI EIE O REA

OBt LIHIE -2, APRasA " (A BEAEBF 5% i Al e % i 3%
T, CRIKIL AT R SR I A

GIRK F ¥ VI - Lo B 1 R0 5 5 L & & 43l
OB CEEL LB LR/ -THTTH 5. BIEHER
WEFEBORKTH S GIRK F v AV OBETERIC X
BRI A R PR, B Nat & Ca A X DM
fsbzyI & L, AEEREORE % k727, AfFE T,
BB BET 5 GIRK Z2RAED A 4 V#JWEE, 779 %
VAN TOVINEIE &2 S HR L L TR, BREMSENIC
AT L7, ZOf%, GIRK2 @R 7 4 v & — (SF) 12
7§ A G156S Z2HARE, Kl LT, Lit& Na' &2kt
R L, ZOMDOLEEKIZ Rb & Cs I2H T 5
BIREDSE W EDPH LN E 572 T/, SF ORET 5
A% vEBRKO T Y A —OFGIZEY, G156S ZRED
Li* & Na' \Zx 9 2 @ IREARN T 5 & L s@lgE s iz &
7z, single-channel recording DM IZHWTH, TPN-Q
S K & TPN-Q JRES Mk Lit i 2sBigs S ufe.
INEORRED S, G156S DZEEIZ LY, @ D SF O
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