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A ORERICIZRE, KHE, BESIUVCEHEL LT EACEL LT EILHE, MEILHE. 2L
b I O ICHEREMEITTELED o T 5, & VR FHEYCEY) O LI A R s EMETTFEO O L
DTH D, HPNICE > THRY FBIFMIEEED KL L CRRICEE T, R UBREEA L LTKF ¥ 2
7731V —I®3T 5 NIP5;1 EBAIbND, —Ji. WIALEWICE T 257 FDH FHEREEOTEMIZAS
Dl oTELT, FSYBOEEEED AL 2 Thv, Z I CRMIE TR MITE T 5+ VRO
BWHEAHO2ICT 2L ZHIEL, £ FOR VT v AL OFE & k5B IR o i % 17 -
776

Je . WY NIP51 oA EW+rEn 7 ch b7 27 7RY) v (AQP) 2FvEEimEs 208 5
ZHRB7D, v r AQP 77 IV =% T 7Y Ay A S T VIR IC MR IC B E 2, & v IR
EIEE AT L 72, Z o3, v b AQP3. 7. 8. 9. 10 FEHUNAHE Z & v B S a3 2 &
IC X BAMAATE DMLY swelling assay IC X DRZ® b v, F-MlEAN+* v REOWMINAFHELS 7 7
X2 EEHEIC X VRO b NTe, KFEA & vV IBIRERUNER Z v 72 R Ic X D v
B oMIIAN~DWAZ ML pH 0Z ke LTt L72& 25, & b AQP3, 7, 8, 9. 10 FHUNA
M % & v BE AR C Lic kb, Mg pH ORI BB I Nz, 2 OF, REMDZIX
BEankhror, TNOLDOZLHH, B AQP3, 7. 8, 9 XU 10 &+ v ElEkEtk 2o
&, 2 F % B(OH); DIREETHNE T 2 2 L 20 TR S iz,
FHBIFREEDAITHIZRICE VT 7 7 7 AQP10b 137K, 7'V tu— A Zigikd 3 b DDRELHY
B ZWE L R\ EAHERINT W25, B b AQPI0 &, /K, 7'V o —n, JR#E, + 7%k
Lz b, AYREIC K 5T AQPLI0 Dk e EIREN R 5 Z L 3L IR o7z, £ T T,
COEVWHAEFRN DDA PRFHHRN DO EOrZ L2 ICT 2720, 77 VAV AHTIL
AQP10 X777 4 v a AQPL0b DiEME% N7z, BHEEIMN T ) L7 — 2 RXR—=2 015k
IR R Oy v 7 = — @M &, BHEEI AQP10 & {5 T i3 HltHse ic ik 5 % ortholog TH V., %
 DVURTENY) R B CHELINICIRIE I N T W B 2 L SO A b a0 72, F 7 B FBHIC 13 B fdi s
BH R 3 EHDOeY ) LEHHIC K > TH L 72 paralog & L TAQP10a, 10bZH T2 Z & ARE iz,
$7T7 7V Ay AHT AQPI0 OFBBELH~LL 25, B BRICH W TRHEBED bl
fe T swelling assay I X D ki EABE L2 2 A, 77V AV AHT A AQP10 iz b AQP10
CRBRICAK, 7Y r—n JREB LS VBOEEEE 2RO LRI N, —Ti. ¥ 7T 74
v ¥ 2 AQP10b i3 F 7 7 70 AQP10b & [FHERIC/KE 7') v — A %K T 2 b O DIRFER T 7 B O
EEEEFED LN, e bR T 7Y AV AHT AL EVUEEIYO AQP10 & Hi 2 kR E RN &
R EDBWEL LR o7z, THOLDFERD S, PRSI O AQP10 & B4 o AQP10b Dk




ELERME ISR E C B A 2 AR REEA R L, A ZNRERFENCETREINTHS Z
EDTRB I Nz,

RRIC, ERMICK > THRAL 2 AQP10 OERXEFINIEICEH L, SZREMe b AQP10 X U
MARM Y 7 7 7 AQP10b FEBUIRHIAL % F W CIRSE & & v B8 O i@ R 1 8 & g 3 — K
DRFEZRA Tz, RHETT 2/ BOBUKMEE S X Ol 2 &ofEo K& B L7 3/ Rk
2310 TR S 72720, & P AQPI10ICx ¥ 2 iAREAIC L 2K, 7Y r—, REMNVPFY
FEE D Z L 2 T~ L 2 A, Hrice  AQPIOM®L, AQP10KIST 35 Xk 18 AQP104250¢ o gk e
EIRWERZN L2, 22T, b7 727 AQP10bYM, AQP10b™7K 5 X 18 AQP10b*4- i Bk % 1F
ML, 7V en—VgEREES ) OMNWEEREEE LRI Lz A, P T 77
AQP10bM3M_ AQP10b™77K 35 & I8 AQP10bC24L 1 35\ ThREE 35 X U vk v B D AT % i M o |- A3
FdoNTz, ThbDT b 7727 AQP10b @ L83, T177, C244 @ 3 s IR%ES X U+ 7 g
DRI EBE IR ICBEDbD o T 2 R RBI N, tho /v —T X hEINLTVWE e T
AQP10 DA T — 2 ZH W AEE T Y v 7 & {Toz L 2 A, F 772 AQP10b @ L83,
T177, C244 23R FE°+ 7 BE D% % HIIR 3 2 selective filter DFFFEICEA G 3 2 MIREMESRIR X Tz,

DEofiRro, e b AQP 77 IV —2hUgEF vy A e LTHET L L ZHL2ICLZ, £
72 AQP10 DOfE[H WA EERDEWCICER L2 Z2E LT, 72727V tuxR) v pore %
ea A X ORER L& 3 2 & TIRELTVEED selective filter ZEE L T3 0[REEL B
HL 7,

6% WU B, FI3C 2000 & 5830 300 B4 LT ORMT 20, b L<IEHIC 800 #54 1 et L T< 7280,
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Boron is one of the ultra-trace elements essential for the survival of animals. However, in animals, the
molecular function of boron has not been clarified in detail, and the transport mechanism of boric acid
is also unclear. To clarify the transport mechanism of boric acid in animals, I identified human boric
acid channels in AQP family, and analyzed the mechanisms for the transport substrate selectivity.
Human AQPs were expressed in Xenopus oocytes, and the boric acid transport activity was analyzed by
swelling assay, inductively coupled plasma mass spectrometry, and electrophysiology. As a result,
human AQP3, 7, 8, 9, and 10 expressing oocytes showed boric acid transport activity without any change
in membrane potential, suggesting that human AQP3, 7, 8, 9, and 10 act as B(OH)3 channels. The urea
and boric acid transport activities of human AQP10 and fugu (7akifugu rubripes) AQP10b were
different. Phylogenetic and synteny analyses indicated that AQP10 genes in tetrapods and teleost fishes
were evolutionarily related. Analysis of oocytes expressing Xenopus AQP10 and zebrafish AQP10b
suggested that AQP10 in tetrapods and AQP10b in teleost fishes had different transport substrate
specificity. Then, I analyzed the functions of point-mutated human AQP10 and fugu AQP10b expressed
in oocytes by swelling assay. Relative boric acid transport activities of human AQP10M8L AQP10X!#T,
and AQP10° were decreased, and those of fugu AQP10b"*M AQP10b™77%, and AQP10b“***" were
increased. These results and three-dimensional structural modeling of human AQP10 suggested that the
transport of substrates such as urea and boric acid can be regulated by L83, T177 and C244 of fugu
AQP10b through modulating the structure of the pore. These results indicate that AQP3, 7, 8, 9, and 10
act as boric acid transport systems in humans and suggest that the transport substrate selectivity is

regulated by modulating the structure of the pore.
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