BhpkES 1933

NI ARYY D ER I LTI F R 8B o B O fiF B

A PEA, =K

KRB R A v b FE TR il 5 7

B =

TRPM6 LB MDA R E I ZTRSFEBIL, EOTEEEBIZRTEL T\, 204 T OEREE L C, =7 XD LD TR
PUZHEDY, 2H O~ 7 32T MEFMEICHERT 50 TEL THHI TV, A 1L ETIZZO TRPM6 OHi7-7akk
RELLC, IMED A ETEICEE CTHHI LB TETZ, TRPM6 OBREERI) /7 77 h~ A TIEBEHOL 1Y
BT D~ T R AOFWRINA 2R L TN, TN Tl e B JH A8 NTIE eIl TH20%
HSMNCLTEZ, — 5T, IFBHRICOV T A AZSH T AR LF—ThY, BARZF KN TIED B EZEEH
KL TWDHEEZ BTz, ZZTAMFIEIZZO TRPM6 OB ik B AR IZ I M ED B JEZEB) 235 k3 DR R AR D~
<, BREfNTEAT ST,

TRPM6 7338 89~ D1 (e RANE T OB I I U BE L REIZ NSRS HY, L =2 D34 HEL Td, L=1%
I JE L FRARISIFEEINICZ DIl P B E LR 28, LT EDHIEIC EE AR E 2 Rl TWOAZENMBR TN,
ZLUTTPRAIRETLD, TRPM6 OR8>/ T7 7 M= ATIIA M ThHIL L = BRI EH2EX (D T,
ZZT1 H% 6 RERICHT CIRABRIRL, L =0 BERIHZ LTl L =0 &0 H AT~ 25, fEERER
|2 TRPM6 DB gAE RN /77 7 b~ AC H EIMENI T TERITIHR L Tz,

F O IE YA RO AT A AREFIEA AT E)5, TRPMG 723 63 D1 AL i DN B2 T, L=
DI WA THAERERIAHII b B 528, ZLCT RLF UL AL =0 D437 TRPM6E OB i B A0
RIBIZEDIEIL TWAZERH BT, OFED, TRPM6E OB AT FA) KR I 0 A AR A AR ) 2L =4y
WA ST B, A AR NS S8\ CAVE BN ¢ AT I S > ThL =2 o P AN ESF, fFEo B A LT
Ipol-HBESNT-, 5%, 728 TRPM6 OKABIZINZ2ET RUF U HIREA~DISE N E T/ i T=D 7Ry, X5
IRBFEMZR RN A D 52T, TRPM6 Z A L7=IMLE 0 B JE PEFHEI RS D25 A B B TEA LIRS LS,

1. HFREH M EDHIHEIZITFTRIT LR WVT L E T, Ldh
e R VR AEE L 72 D O M & fii D 2 RERER THY, DIRFNVBERIIBD > TND, w7 XU LT 72
FRE PR RSO AR th 7 E O BSEMR B L OB ME  EMmBIRICBEDLMHAIRT L EL THLN TR, &Y

SN T0D, ZNHOEMERBEOREZMENZIE  BRHEIV~Z F Y L0E AR LNTELOMICE S
ERIHEBYORGERE, $RLBENTIIREFICEE  AOHBNHHZENRENTNAEY, E- B A RIS
CAELDZERMSNTVDY, ZOME FRIFARMR T, IR ADEN ORI ELIEE T 5T
FOEBIEIL = ORWNEBEICEHD-TWSEE  ERFLITVD, RDO~ 7 R Ak RS & i E
ZHNTWBR, ZOHIEREIL L oh > T ven®, DRIERLADHBE R TZEbMESN TN, Zh

B DG IIFEKRL ~ L TO~ 2 R MMEH MEOHE



FRMEFEICEE CTHLIEZRTHDOTHY, SHIT
(T~ R WEFEPEHERIC B MgP i o ifn J
FEI OB 5 RETHEDLALE ST HILD,
BHLAILTO=T 20 MEFVERERFL, EI2H)»
DOWIL L N T ORISR EL T #RE R 7L TRY,
BB CIXZ BO~7 320 A2 T HRINES LT
WD, SRERIR T A A S T TE R ITIEZ ED
N TR LEENTIY, RAE O TR A 1851
FETEOREDFWRINS D, EANITE MR AE O
THANUUAREE O KW EATHIE TS EAL Theh 2 <
BRINENDD, BEBNRPUICE ENDLY T AT LD
B2 O O 3= N #h KA (Distal convoluted tubule,
DCT) TOFRILDEEG I Lo TREE ICHIEIS T
%O, DCT &5, &N TO~ T F 27 AL R
L0 FREE, IR~ R0 AMUE 7~ 4R A RPER R
DB Z RIS PRI B DS TE T,
ZIRMEDAR A 2T MSEZAED IS PR~ 7 )
v AffE (Hypomagnesemia with secondary hypocalcemia,
HSH ; https://omim.org/entry/602014) o & 1%, transient
receptor potential melastatin-related 6 (TRPM6) &1 9 Mg?*
BRMEDOA AL F R NEREH 59, TRPM6 (%
DCT > 7 e/ (E ) AN RTEL TIRY, RN
DCT #if~0 Mg? DA % w15, DCT &2 L=~
T AT LRI 5269 DD B 5323 HA]
ICRTET S MgP hF ZaR—Z—cyclin M2 (CNNM2)
THHW ), CNNM2 A5 D28 BIFHENE OF RIS~
72y AiMiE O R KER > TEY (https://
www.omim.org/entry/616418) , F3& DOFEAT L0 B gl
T~ TRy ARRIIZRERECTHDLIELHES
TNHI M CNNM2 D IRABIC LD~ 7 F o0 IR
RE LM P~ 7 AT LBEOK FII~TAZB T 5 E
FEELAY72 Cnnm2 /> 7 7 O NZ KD, FEBRICHEEIH ST
W 5E), CNNM2 13 DCT AR D FARIES L0 Mg? 2 HEH 5
HZET, DCT &I Lic~7 20 AFRIUZEF 5 LT
20 F7-BUREENZ LI, Cnnm2 Sy I T R AT
TR AP AETT TR, MEDOIR FamRd 28
HIALPIZSITND, ZOFEERR R GWAS T2 &%
i 1L B AR - O ©, BB O —7 128D
CNNM2 3hy 7T 7 DRI FLLTHEITbIZZEL
E8F2Y 8, LasL, CNNM2 (2 X0 E 2SS,

Z DT IR O W TIERIZEAE D> TR
v,

FITHEAII~A7aT7LAIZED Chnm2 /77 Uk~
U ZADE i T OBAR T FBLA M RER T L T2, DR
H, WLONDOBIE T OFRENA BIATL TEBY, #
(LR Z 212, CNNM2 LRI ISR I R B,
~ AT LOFWRIIZE 95D TRPM6 D& s FH
LAULR R85 TNz, £27C Trpm6 OB g 21 7
TR REAERLLTZE A, Cnnm2 OB g 51 v 7
TU T AL FERRICIEDME T LT e, E BB
ZEIZ, Trpm6 O NEEFEA) /v 77 7 b~ ATIXl O
FYUATHROLNDMED B AZEEBPERD TWDHIED
XD TND, ZZTAMFETIE, 2D Trpmé O & ligks
HE)RE~T A TRONTERBL OFEMAZ ST B
\ZT2DEMT, BT AT o7,

2. IRAE
2.1 IR

Trpmé /> 77 7 b~ v A% International Mouse
Phenotyping Consortium JD& A L7 Trpm6 K48 ES i
ZZHWTHEH LTz, FAT~T AL Trpm6 @ trapped 7L /v
(=) ZH o~ A(Trpme") Z/EHL 7205, FIpO ~7 A
L DAZHIZ LY floxed TLL (f) %, 2L CEIRME T
KR Cre VA B —E &5 E % Six2-Cre w7 2@
EDRZENZ LV B IFE )72 Trpmé /v 277 7R~ A
(Trpmé6™™: Six2-Cre) #4537,
2. 2 TUAN)—EIZKHMERE

~ 7 ZOENARIZA R B E R O BT —T v
(TA11PA-C10, Data Sciences International #1:) Z4F AL,
2 - 3 MO EEHIZ BV R ICHIEETTo 72, HIET
1 FFEARS 2 0TV, Bl 5 H e TRAEMIL 72,
#H & DT AN, & HORIZ O ED )i
Z DB DT HNTND,
2. 3 Hilk

ABFFETIZLL T O1RGUAZFIH LTz, BBy ML
NCC $ufk (Fazduta ) U ER R RS, WHE—
I TGN 2N 5 TRPME Hiik:
TRPM6 D15y (7 /3 #5 1270 - 1453) % His 227
(P& NRIEEUTRIGHE TRESE, BRLZLO%
UHRNTGE LTHUE A2 DD, TRPME D5y



(7B 1270 - 1497) % GST X/ &L _UFEL
TRIGH TRISE, BRULELOEFANTT 7r=7 4
— L 7-H 0, B UHIL = HUK  Innovative Research
FEEVEEA, 75T nNOS Hiik : Cayman L&V, &
7o, TRROTIROE R 2 RUABLFIHL TW\D,
Alexa Fluor 488 {5k = 19G HiiA, Alexa Fluor 488
EERPTE Y Y 1gG HLIR, Alexa Fluor 568 FEik L = 19G
PRI LY Alexa Fluor 568 i€ /LEvh 1gG Hiik:
Wb Life technologies £k 0,
2. 4 HikReE

~UALOHEH U B AR A oK PBS T L7zd
B, OCT compound (V2777 7 A 7w 74tk) iz asiL,
FD%ITA A A~ CM1900 (T H£k) % FVVCIEE 20
um DY EZVERRLTZ, Fo Tkl 2% STV LT
JVTERIPBS T 10 /3y MEEL /%, 7 rydr ZHEEEL
T 2% AX 53/1-7/0.3% Triton X-100/PBS (PBS-MT) ¢
4°CIZT 1 WA v FaX—hg 2 EfTolz, EDHE,
PBS-MT (ZATRLT- LIRFUA T 4°C, — A2 Fa—
RL7z, PBS-MT Ciift, PBS-MT 2R L= 2 kBiik
HIC 4°C, —MBiA L FaX—MEA TV, % PBS-MT THE
LT\ —T T 2%, SALT, Bl ITTL —
WA RIS PEMEE FV1000 (AU /S A4E) A-ffl
L7,
2.5 IHAL=VDEE

~ U ADAMIEE FATREREDVERIL, EDTAZ & T
Fa—7ZER LT, T <IT@mLEITY, 0 Eifa i
#E LT L7, L= OIEIL Abcam #:J0
[ A L7= Renin assay kit (fluorometric) 2% L7z,
2. 6 BRI ADRASS REE

~ U ALOHE H U7 BB K G L 7o AR B AR K T
WL, ©77h—2A (Dosaka EM #) Z W TIES 04
mm DFFEATA A ZAERR LTz, £ DF%, Krebs-Ringer
bicarbonate solution (KRBS; 118.5 mM NaCl, 4.7 mM KClI,
2.5 mM CaCl,, 1.2 mM KH,PO,, 1.2 mM MgSO,, 25 mM
NaHCO;, 10 mM Glucose, saturated with 95% O,/5% CO,
and adjusted to pH 7.4) FZC 37°CT 15 /31> F=~—h
L7z, KRBS Tlaiftk, #AlZETe KRBS T 37°CIZT
30 WA Fa_X—hLTo, ATAAFITEDH 2%/ TRV
LT IVTERTAC, 2R A FaX—h 52 TREEL,
b2, ALRIRRD FIETREZEO R EZIT Tz, LB

FEANILU T OLEY, AV TaTFL )— 7 <thkb
A, PGE,: Cayman f:J0lfi A, do-cAMP: & L7 (/L A
FotAEREAE LA,
2. 8 RNA[EREFEE PCR

RNA (Z~7 2LV L7z lgi#5 L9, RNAiso plus
(Takara f:) & HV T L7z, D%, E&PCRIL Luna
Universal gPCR Master Mix (New England Biolabs ft) %
AT, Mini Opticon Y7 V%A PCR fREHT AT L
(Bio-Rad #t) {2 THT o7z, WA T T A~ —DRELANIT
TREDEY THS, Bmall:5°-GCA GTG CCA CTG ACT
ACC AAG A -3 BXWN 5°-TCC TGG ACA TTG CAT
TGC AT-3’, Per2:5-GGC TTC ACC ATG CCT GTT
GT-3> BXW 5°-GGA GTT ATT TCG GAG GCA AGT
GT-3’, Trpm7:5-TTT GGT GTT CCC AGA AAA GC-3’
IO 5°- ACC AAG TTC CAG GAC CAC AG-3°,
2. 9 fgatinE

B COREHRNT T — 21T + FHERETRL T
%o A RBEREIIAT 2—7 b t RE (B) HDV T
2-way ANOVA (Holm-Sidak post hoc tests) DV Y3 )z
FAWTITVY, p<0.05 A EEHIELE,

3. MIRHER
3. 1 Trpm6 DEMEAFEM /v ITINIVRIZEITEHL
UMD BRAEEDEK

L= A3 E ORI E R e E R R L CTRY,
Z O &R E SRR O B E M, >EOIEENIC
<7D EMFNIBILTND, 2T, Trpm6 Ol FLi
Iy 7T NI ED B JE SR DAV R K A R
LHBT, 4 FEHBEICvYAORMARTL, L=0
M EZRIE LTz, ZORER, Fig. 1R oI AER
~UATIEBERE BV B R A B2 R L TRy, M+
AR TR BN B <> TV LT, Trpmé D
NEAERLI) o 7 T D v~ A TIX A ANFIEHE AL TRY,
ZoMmHL =0 B EMEOHE R MED H EZEB) O
AP G LT D ATREMEAVRIBS LT,
3. 2 DCT [FL=r o ipfmfaI— Bz 5

TRPM6 D3H19% DCT (X~ R LD FWRIZ T
T, FNY AOFRIUAE RIK & O 2L T,
M JEFRAEICS B EIZA S TODZENRFHILTND
8 DCT OT7 EH NI AT A R R EEEHIORERY



400+ @ Tipmb*; Six2-Cre .,
| OTrpmé&™; Six2-Cre

ek

Renin activity (ng/mil)

Fig.l Bfigks 200 TRPM6 KIE~T RICBITH ML = &D H EZE B OTE K

KHFL (ZT : zeitgeber time, ZT = 0 2SHMIDBHAAIFC, ZT = 12 2RFEADBIAAR) IS CHBIn D~ A (2-4 7 H i)
T eEmatRiRL, AP OV = AFWARE LT, 777132 O LFEHEREZ/RL TS (n = 3-6), & p HIE
2-way ANOVA 35 X U Holm-Sidak post hoc tests (Z&> Tskeb7z, **1d p < 0.01, ***|L p < 0.001 LALE &KL TWD,

73 1-ELTHEIBILD Na-Cl co-transporter (NCC) #255H(Z,
ftt 12, epithelial sodium channel (ENaC) <> Na'/H"
exchanger 2(NHE2) 72 & 338 Bl THY, RS DCT
~O Na" DR iAZ &~ T%, DCT MM D Na' 3%
Dk, FEESIZRTET DR 74y 1 Na'IK-ATPase (&
DPEHSNDZE TR A~ SIS NS, E72 DCT 13
BEEEEREIIND, JRAME OFTHL = B O ETN R
{EL7T-MIRR 23 DAL O3 < R IRICH DT EHEHIL TN
50 B O MR IR > iz &AL, PGE,
12 E D oAU TS 26 R BRK (juxtaglomerular,
JG) FBENBDL = 3R L TN,

Trpm6 OE sy /v 7T UM~ AT L =2 &
O B FEBDHE L Q=2 EE, TRPM6 OF¥HL4 5
DCT 7% JG M HOL =2 53 B > CD Al HEME
WEZBIIZ, ZO W REMEARGET 25 — 4L LT, DCT
&G Al & D DOALE BR & o st L B I KD i~
Too ETRUEBEL IG MlaD~— D —2 L RIETHD
NNOS I KO =Tkt T 25 UARZ IV TR EEIT ), =
NETELDZ N —TIZIVHESNTVDLEINT, W
DBEEET D2 LA RER LT (Fig. 2A) , &51Z, TRPM6 KX

NNCC % DCT O~ —H—HZ L\ EELT, ENHITH
THPUREHIL =2, 3DV NEHT nNOS HifkZ F o3t e
BEBREIT -T2, ZOFEF, TRPM6 L UNNCC DHfa
T = DY T v ENTG L TR,
DCT LigEst, 2L C JG ML E AU AL E 3
BZENPBNET 7= (Fig. 2B).,
3. 3 RASAREEIZEITAL= DR

Fig. 1 ®XH1Z Trpm6 O figiks 1)/ > 77 7 h< AT
IHEEBH oML =80 ERBEO LN -T2 8
Mb, L=V OB 83D AT REE M R S, &
I, LUt Trpme /w7 T RO KD
EHEHNDEB T, ATA AR R E W EREIT o7,
aha— /LA, LB IRE DB L 722
FARF % BT RUF V2 BIROIEB I Ch oY 7 a7
L= )V TCHBLL=E2 A, L= D 7 BNEE
THRLTsh, 18EMY IG MR DA WS D ED RS
Sz, — 4T, Trpmé OFNFRFERE /v 77U~ AH
kO AV T aTL ) — )L TRBLES A, L=
DB 7 F DKLU IG Ml Z L AL Bl S
mo7-(Fig. 3), Fiz, BUEB L0 WS, p 7RI
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Fig.2 DCT 1X JG M LBi#EL T %
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Fig.3 AT7AAEERIZBTHL = O

(A BB FRO~TA(2-3 75 H i) ZOERER L 72BNk FI O TR AT A X &2 ERL . & A2 5L 30 4>
A Fa—FLT, TO%, TR EAIIL =2 (F) BT nNOS (OR) Z rl L L 72, A7 —/ 8 —id
20 pum Z7RL TN,

(B) A ZBID, V=B OEIE OE R R, 877713 S EEREARLTERY, % p E1T 2-way
ANOVA 3 LT Holm-Sidak post hoc tests (&> TsRkd 7z, sk %L p <0.001 %, NS |% not significant, 3727
LAEZEZRL (p>0.05)2ThThEd (n=2-6),

SRR EI TSI CL =0 D WER T T aRrE 75 m—/ L~ A& Trpmé OB NEFFE) ) 77T M~ AT
Vv (PGB L0, B 7 RL T UL BRI PGE,  RIZESNRD -7z, DED Trpmé OE s 1Y)/~ 277
WERD T CREAESHL, L= WA ET cAMP OlEE  UMIED, B 7RV S BRI D i 2 4=
T CHhD db-cAMP OALEECIIW b b



CTEY, O RIEEIHNII/A > THL = O HMEE
SN ERES N,
3. 4 BB TFOHKIEEE
HJEMEZONWT, Z<UTTR MBS T | EFRIZLDHE B
YA LOHIE A DAY 2 B2 R T L TO DB AR FRED
HEREFNZRIZLT0D, 22T, A VXA ok
BETRDIN, BIOEEE Tromé 23 /77 RS THDE
gl DRFEHRAR T DR BIAE) & E & PCR {£IC4-
T~ T, REAIZRIFEHER 7L TEIBNS Bmall 3

-8~ Trpm6++; Six2-Cre
-+ Tipm6™: Six2-Cre
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KOV Per2 (2 oW TFHRT=EZA, Fig. 4 [TRT IO
ALt Trpm6 OE R 2R /o 7T U NI L2 RIT R b
T, EHODOBR RO~ T A THBEHRE@Y O B i
72 BRI Z B AR L T2, D728, Trpm6 O B i 52
W)/ 7T IR ATCHES L =2 &0 HJEZE
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2 16 20
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4. % &

BIZH1T 5 TRPME DX L L C, ZhE T~/ 3w
LD D EENE DAL DI TND, AHF5E
IEZAUTINZ, ZIVETHBN TV TljZe LT,
=@ HEMEEREL, ED HJEEEEHIET528%
BT, F72 TRPM6 23E 5681325 DCT A3L=2 %7
W CTH 5 IG M EEL CNDIE, SBITITAT A ARE
FBa T LD, 7RV m AR L AL =
DFUNZ TRPME N THLHIELEE LD TND, &
BEDIIZL T TRPME N7 RL U BIRDIRAES
HEIL TWDH D0, ZOFEMAIBTETHZET, TRPM6 (2
kv =0, 2 Ui ED B EMEOHIE O A )
G TEL L ES NS,

AT DY MT I T D R BUEARHT )5 1L 1355 i & 555 12
CEDDZERB BN TETEY®), F-Z20 A JE
28, FRIEBIIBA AN (B RO GE 1R OR% 7
JE B zE e s, i I B BEER 2R A X
RSP L TOBZENIBNTVE®), Zo M fF |5
(ISR DIETEAL N F 5L TV D EB LN TR
D, B~ D AL AR AR A W [ T v a
T EPEE IS FIEIC 0TS B C T i E e i
HEPHS ZENTELERIDBESNTNDTH), Lo,
ZDOFHHIN RV OH BeA VB ELTRY, ZIRNIEEA
ERBNWERIS HAESILTND, FEplZ iz » 8l
L2V, O XV FIEOBRBRNE N TEY, 4F
BDMILTZ TRPM6 27 L7z E A B2 KL<
FRHTL Cp<Z & T, TOBFBICEHBRTE D Al REME D &
Do
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Summary

TRPMS is a Mg®* permeable channel which localizes at the apical membrane of the renal distal convoluted
tubule. It is known to be important for the organismal Mg?* homeostasis, by participating in magnesium
reabsorption through this distal convoluted tubule cells.  Our previous research revealed that TRPMS6 is also
involved in circadian blood pressure variation; renal specific knockout of Trpm6 in mice not just show defective
renal magnesium reabsorption as reported, but also almost completely blunted the circadian blood pressure
variation. However, the circadian variation of the locomotor activity was not altered, and thus further study was
awaited.

In this study, we analyzed this mouse strain to explore the mechanism behind this phenomenon. It is known
that distal convoluted tubule, where TRPM6 expresses, is adjacent to macula densa, a region known to regulate
renin secretion from juxtaglomerular cells. By immunofluorescence microscopy, we also found that distal
convoluted cells are also at the proximity of juxtaglomerular cells. Renin is known to raise blood pressure, and as
like the blood pressure, the blood renin content is also known to show circadian variation with sharp rise during the
active period. Thus we analyzed the blood renin content of renal specific Trpm6 knockout mice, and found that it
did not elevate during the active period, which is very similar to the results of blood pressure measurement.

We also performed experiments using renal slice culture, and found that renin secretion by adrenergic agonist
treatment was impaired by renal specific Trpm6 knockout. Thus, it can be assumed that blood pressure variation
was lost in renal specific Trpm6 knockout mice was due to the defective adrenergic receptor activation, and further

detailed analyses may clarify the overall molecular mechanism of this phenotype.



