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FEEE . WAL IR S R PR S B Sh( D) ASb( V) 5 B A2 EAEHIX /K FEM AR R Sh AT B (52, S5 RRH X
R SR Sh XK A AR KA IHIVE, Sb( D) LbSh( V) XK FasE 5 S0 . 19 m B A= 22 Sb XKy, Sh( 1) #l
Sh( V) BOUS NI 35 M5 M /K R AR 2 AN 25 P X B AR AR 1. 24 B ¥R R 0.5 me- LB, %0 =# Sb 30 mmol -L ™" 1] L4
MR RS ZE M AR R P Y B &5 57. 6% 175, 6% (55 IRARBEAHEL P <0.05). [AlFE, 50 B R it sZ ma sk AR 2= il
AP AS Sh IR 2. £ 10 wmol -L~" Sh( M) ZLFE T, @M1 2. 0 mg- L' B A S BUKFHR R ALt Sb & 433 ko
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Effect of Boron-antimony Interaction on the Uptake and Accumulation of

Antimony and Boron by Rice Seedling

XIANG Meng'*, HUANG Yi-zong'*, CAI Li-qun®, BAO Qiong-li', HUANG Yong-chun', WANG Xiao-ling’,
QIAO Min*, HU Ying*, JIN Shu-lan’, LI Ji*, WANG Fei*

(1. Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2. College of Resources and
Environmental Science, Gansu Agricultural University, Lanzhou 730070, China; 3. Institute of Biological Resources, Jiangxi Academy
of Sciences, Nanchang 330096, China; 4. Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China; 5. School of History Geography and Tourism, Shangrao Normal University, Shangrao 334000, China)

Abstract ; Effect of interactions between boron (B) and antimony on the uptake and accumulation by rice (Oryza sativa L. ) seedling
was investigated in solution culture. The results showed that Sh( Il ) and Sb( V') could inhibit rice growth and Sh( Il ) was more toxic
than Sb( V). Concentrations of B in rice roots and shoots were significantly affected by the addition of Sb(Il) and Sh( V). The
addition of 30 pwmol-L ™" Sb( Il ) could significantly decrease B of rice shoots and roots by 57.6% and 75.6% , and 30 wmol-L ™"
Sb( V) could decrease B of rice roots by 16. 0% , compared with the control treatment, when the B concentration was 0.5 mg-L™".
Equally, adding B also significantly affected the concentrations of Sb in rice roots and shoots. The addition of 2.0 mg-L™'B could
decrease the concentrations of Sb in rice roots and shoots by 39. 1% and 9. 2% , respectively, compared with 0. 5 mg-L ™" B, when the
Sb(Il) concentration was 10 pwmol-L~". Adding 2.0 mg-L.~" B could decreasd Sh concentrations in rice roots by 13.9% , compared
with 0.5 mg-L™' B, when the Sh( V) concentration was 10 pmol-L~". Furthermore, adding B had significant effect on bio-
accumulation factor and distribution ratio of Sb in rice roots and shoots. The results of the study demonstrated that Sb pollution in
farmland could be alleviated by adding B fertilizer, thus protecting human health from Sb pollution.

Key words : boron; antimony; rice; interaction; poison; bio-accumulation factor
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Sh 5 As AH{BL, (H XA X 5], A WF5E 2 HSh (1) 7
YT Sh( V) fdErET* . AEBHU Sh £
FIEFRHAREY). BT Sh 1) s E1EH,
{3 Sh & 5 K el g8 Y S I5 YLK F R
AE LK RS A B A b | K R AR AR R
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N AR AR AR

(B) B A K KB LN RS S
R ) AN A RE R AN i RS 1 S5 A SRR E | kK
fe& YR as i, B R R A, FERY T &
MR AR EMA B ZHEmS . iy
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T B BRI FEEER T Sh Xk
FERyEEME, ) B XF Sh B PR 52 ) 0 8 50 IR
W5 SR T B X K R W RS B8 Sh 1 5  H:
YEH AL, LA A Sb V5 Y + M 15 42 48 i 2 ip
e

1 #BE57HE

1.1 JKFE&FP

IKFE (Oryza sativa L. ) P N Fa 46—, H 55 2%
Ay B2 BBt | & — e UL R 5 R el
1.2 SR
1.2.1 fEHRKEFR

PRI M KR A2 R, 15% 1Y
MEA/KIZH 10 min, SR 5 FZE 10K 52 &g, 5
TARBIE BB h R ZF e R K IR B AR
. FEEERE AR 20 d 5, B2l N iR ok
FH 2B F K Ve a6 B AR BB 2R A F0kE, SR )5k
PEAE K — B KR A2 E] 500 mL PVC ##E ( H
A5 em x EH 14 em, BEEMARE) , 05 1/3
SR BRI, LS SRR S22 % Hewin 1517 JF
ek g #E, i 5 A (mmol-L7"): NH,NO,, 5;
K,SO,, 2; MgSO,, 1.5; CaCl,, 4; KH,PO,, 1.3;
(M) : Fe( 1)-EDTA, 50; CuSO,, 1.0; ZnSO,,

1.0; MnSO,, 5.0; H,BO,, 10; Na,MoO,, 0.5;
CoSO,, 0.2. 3 d #— X EFHW, H 0.1 mol-L™"
KOH 1§ HC1 % pH {H 43 5. 5.
1.2.2 KFEERKEM

SEHTE T 506 R B RN R 0 A K = kAT
28°C/14 h YEHEFI 20°C /10 h BIE G HR AR &N 260
~350 wmol+ (m*-s) =" XTI R 60% ~70% .
1.2.3 SEuhba

K EEEFRW P AR 15 d J5,Sh(ID) |
Sh( V) F1 B 4351 LA 43 #7405 i 0 A7 TR B0 B | A TR
R I 2R R AL B 3R Sb A B 43 )
0. 10 F1 30 wmol-L™", B 4 ¥k B 43 % K 0.5
mg-L ' A12.0 mg-L™". &AbHL4 RER, 3 d
e —UCEFRUL. KRS AL Sh F B 15 d JF sk,
T A K3 P g R Bt ML 3 4 K 5 R 467
1.3 FERHT

WOk e, KRB A PR 4 S AR R ZE i 2 43, 7
T0CF T/ 48 h, AR, 22t Ay T i E & K
0.2 g A AT B R A AR a2 R I T A
HA 5 mL 2l HNO, Joil B0, 25 H Fib
HEFEA (GBW10016 [ ZE AR HEY) B F 52 bty ) [] if
50, DABA ORI 205 TR T, R A R T A
L (MARS5, CEM Microwave Technology Ltd. USA)
FPEAT I . THRAER . 15 min FFE] 180°C , 7E ML IR
R 15 min, 2R 5 20 min A9 [ IR O R (AR 4
CEM AR ITEB ) . & 58 iUs i 2lik
ERZE 50 mL, if 3§ F ICP-OES ( Inductively
Optical
Optima 2000 DV, Perkin Elmer, USA) 5 4 2 ¥ rf
i) Sh Al B Ak .
1.4 Bdaiotr

& 5 2 %0 ( Bio-accumulating factor, BAF) ; /K#
Fkk Sh 8 B ¥k JE 5K Sh B B MR R L
{H, F/RKAE &4 Sb 8¢ B 1YfE

JITAT B SE B R 4R FHGE v H R4 SPSS 17. 0 Al
SigmaPlot 12. 5 PATG TR 225387,

2 HREH

2.1 B Al Sh AbEEXF KA A K A RE R
IKFE R A Py B Sb A B 3 (%) 338 i i 328 ¥ 2
FIH(F 1), ZadSh() A H R, K REA K Z 3
Wi By, Ry ZE il R ke R
i, AR R ESH( V) (10 pmol-L™") 4b
RGP HEKRE I A4 (3R 1), 3X 5 UAE A9 Sk 4

Coupled Plasma Emission  Spectrometer,
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Fl 36 &

Ay,
=

AR—2C . fER L A, Sh( ) Ab B KRR 2L 0
HAYH A 35 B B 35 K F (P < 0.05) (B ARV &
Sh( ) (10 pmol-L™") ZbFEXF /K R AR+ H Y 52 Wi 15
AR E W E K. i B T2 A% Sh XK RS R B, 0

Hoxksh () 4 27K F 2 F Z2 i AE T EE BT 2. (P <
0.05). Sh( V)X /KFE M TEAR TEA B 3%
A2 [RlEE B AISh (V) XK 2R+ E A W& 1
ZHAEHFEM (P <0.05).

#1 BxfSbhREMaTABEMENTZMED

Table 1  Effect of B on the biomass of rice seedlings under Sb stress

Sh Mr#s Sh ¥/ wmol - 17! B % /mg-1L"! -t/ g WTE/g
0 0.5 0.37 0. 05* 0.09 +0.01*

2.0 0.36 +0. 04* 0.09 +0.01*

0 0.5 0.21 +0.02" 0.11 £0.01"

Sh( ) 2.0 0.26 +0.02 0.09 +0.01
20 0.5 0.07 £0.01°¢ 0.03 +0.01°¢

2.0 0.13 £0. 02> 0.06 0. 01"

10 0.5 0.43 +0. 04" 0.12 +0.01"

2. b b

Sh(V) 0 0.44 +0.02 0.13 £0.01
30 0.5 0.36 £0.01* 0.10 0. 01°

2.0 0.35 +0. 04* 0.12 £0.01"

1) HA AR T4 EArE 2257 B (P <0.05) , FIF

2.2 Bl Sb s HAEHIRKFER AR 2 B #5200
K1 4 B Al Sh AbBEXI K FEZEnT FIAR R b B &
A, N Al DUE Yl B WRE R 0.5
mg-L~" B, W M = M Sb 10 pmol-L™" Al 30
pmol - L ™" 4] LI 25 M R IR K R 25 it i 9 B F it
10. 8% 1 57. 6% (SXF REALEEAH L, P <0.05) ,{H /2
10 pmol - L™"HJSh( I ) ¥ 0 i 2 M B2 =K R AR 3R

1.2

() B &5 M 30 mol + L™ ASh( M) ¥ B M RAIG /K
R B S 3K 75.6% (1), 4%wH B
WRER 2.0 mg- L™ B, =4 Sb 10 pwmol - L~" Al
30 pmol - L™ BHUKFER R B % 54351 b xt B 4b
FEAR 27. 7% F152. 1% ,{H 10 wmol - L' fSh( 1)
FEAD W 35 b £ S K RE ZE MY B & i, I 30
pmol - L' AYSh (T ) ¥R BEREAR/KFEZEM: B & i Lb 3

Sl L @ Zat-som) | 53 SR et &SV
10 emm b [1)30 wmol L - T Sh(V )3 pmol L . b
7. 08 - 1 b -
Fi
B 06 i s
3
B 04 c L
02 -
0
STERunt omsm [ s joRs
By & L S mol-
I Sby( ][] )30 umol-L™* a @I Sh( V)30 pmol-L™! SR
20 ~ B
. .
_:] s L b L § 1T
£
B N §
E \ \
§ 10 [4 — \ \
. .
d - \ \
. .
N\ N
2.0 i

e i /mg L™

2
Wk g/ me L7

=

VR TRl /INE S R AR B 22 52 i 35 (P < 0. 05) , R[]
E1 B#SbAEI/KBEMMRF B SEMZM

Fig. 1 Effect of B and Sb treatment on the B concentrations in shoots and roots of rice plants
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i£32.9% (K 1).

TEARARE B AT R (0.5 mg-L™") ,4%MSb( V)
WeBE A 10 wmol - L™ I AT i 25 M 2 /K R 250 B %7
5 11.6% (5XF RRANBEAR L) | {EAD I 35 Hb [ AR K R
WA B SR EZFIL 16.0% ; 30 pmol-L ' fISb( V)
WePEXT K FEZEM AR &R B S8R K. fEE ke
BAMHE R (2.0 mg-L™"), MISh( V) ¥ & Ky 10
pmol - L' A Al i 25 Hb R IR A 25 0t B & i 7. 8%
(SGXF RS L P <0.05) , {H ) 5 35 1 32 25K A
WA B &EHRK 12.0% ; 30 pmol L' AYSh( V)
W EE T i E PR R KA B S 12, 6% H A1 3
HFEARKFEIR R B & %3k 12.8% .

ST KARER R ZE R B FLER & BRI
WA Sh X B FHER 5 1952 ) 25 51 5 HO K REAR &
MZEn B W B R 2w B (% 2), B 10
wmol - L ™" 1 30 wmol L ™" fSh ( 1) ¥ &t 25 3t AR
IKFERZ X B LR A B LR L CK F#IK

27.5% Ml 68.5% (B 2.0 mg-L™' 4k ), {H 10
wmol -+ L. ™" AYSh (I ) ¥ & 41 g 2 b A2 3k T /KRB AR &R
X B AR, FUEE L CK 5 30.1% (B 0.5
mg-L™" AL F). 7E B 0.5 mg-L™' 4 H T, 10
pmol + L' F1 30 wmol - L =" fSh( V) ¥ B n] i 25 41
KRR R A ZE X B (AR R B LR R L CK 42
5 10.3% ~23.7% A1 12.8% ~6.9% ; 7£ B 2.0
mg-L™" 4L B R, 10 wmol-L™" Al 30 wmol-L™" AY
Sh( V) & £ 34 ] 5 35 b 42 S K R AR R AL ZE X B
AR, R B 0.5 mg-L' b HA & B 2.0
mg- L~ "4ZbFE 10 wmol - L ™" 1 30 wmol-L~"AYSh( 1)
W BRI TT DA S 2 b R AT K R 25 i FIAR = % B A AR
Z(P<0.05),% 7 10 pmol-L™' Sb(Il) + 0.5
mg-L™'B ALBRLIAM; {H 10 wmol - L ™' A1 30 pwmol - L~
ISh( V) e B 34 ] D) Sk 25 Hh 42 w5y 7K A ZE AT AR 2R
X BARIFLZE (P <0.05),B% T 30 wmol-L~"Sh( I
+0.5 mg-L™'B ALBR ISP,

F2 SbIMKIBIRAFMEMH B RENHMN

Table 2 Effect of different Sb forms on the total B amount in rice root and shoot

A/ pg-pot !

25t/ pg-pot !

Sb AbFH/ wmol - L !
Hmo B(0.5 mg-L")

B(2.0 mg-L™!) B(0.5 mg-L~1) B(2.0/mg-L1)

CK 0 1.30 £0. 02*
b

Sh( ) 10 1.86 +0. 01
30 0.11 £0. 00°

Sh( V) 10 1.45 £0. 12
30 1.49 £0.21°

1.67 0. 04° 0.29 +0. 04* 0.31 £0. 05"
1.21 +0. 06" 0.15 +0.01" 0.24 +0. 05"
0.53 0. 05¢ 0. 02 0. 00° 0. 07 0. 00°
2.74 £0.04¢ 0.38 £0.01" 0.35 +£0.01°
1.94 +0. 12" 0.31 +0.01" 0.34 +0.01*

2.3 Bl Sb s HAE XK FEMALFZR Sh A 52

B Fll Sb 28 B AE XS K Fg 25t FR & v Sb & i
(RS2 R DL IR 2, NH T DUt B 3 i b 25 IR K
FEAR R XA 2 Sb IR BB (P <0.05). 4
B PSh( ) ¥ E N 10 wmol - L™}, 7 /0 2.0
mg-L7') B ] FEOKRMA Sb F &L B 0.5
mg-L_l Qb BRREAR 9.2% s KA 20t Sh & B REAK
39. 1% ; MEFRWHSb () #EE K 30 wmol - L™ A,
WIN2.0 mg-L™'fY B AT RBOUKFIMR R Sb &t Lt B
0.5 mg-L ™" A FEFEAR 25. 6% , {HH) 35 M 32 25 KA
25 Sh A, Sh S B 0.5 mg- L AbERE 5
61.9%.

MEFRWHSh( V) W 10 wmol - L7 A, B
0.5 mg-L ™" b FRAY K AFZE0F AR 2R Sb & &0 51k
15.2 mg-kg ™' F153.5 mg-kg™',B 2.0 mg-L~" Zb B
MR K AEZE M Sh i, (H R BUKFER & Sb
TR BO0.5 mg- L™ AbPRREAL 10. 7% . 4B SR
Sh( V) #E 4 30 wmol-L "I, B 0.5 mg-L~" 43§
(7K RG2S FIAR 2R S & 8430k 27. 9 mg-kg ™' Al

74.5 mg-kg ' PR B IRIES] 2.0 mg- LT XK REZE
- Sh F AR, HSFBUKERAR S &L B
0.5 mg-L ™" ZbFFEAL 13. 9% .

B I Sb 28 HAE XS /K Fg 250t FIHR & Sh FHLE
HHEZE R L H (£ 3), AR 10 pmol - L' Al
30 wmol -L ™ "AYSh( M) ZbBH, %5/ 2.0 mg-L™" ) B
AT DL b K REAR 2 % Sh AR (P <0.05) 5
{210 wmol - L ™" 130 pmol -L " AYSh( V) ZbFH  %3m
2.0 mg-L™"fY B XK RGHR ZR Sb (B2 m A K.
2Sh( ) ¥eE M 10 pmol - L' B, 71 2.0 mg-L~"'
(1) B Al FHUKFER R M2Ent Sh B R B &m0 B
0.5 mg-L ™" AbFRFEAR 25. 7% 1 24.5% ; 24Sh( 1)
W2 30 mol - L' AF, B 2.0 mg-L ™'Y B Al
HUKFERFR Sb LR EH L B 0.5 mg- L~ A FHFEAE
49.7% . [AFE,2MSh( V)W 10 wmol - L™ B, i
M2.0 mg-L™'(% B ] FHUKFEZEM Sh LR B
B 0.5 mg-L ™' A B4R R 60.7% ; 24Sh( V) HkJE N
30 wmol - L7'B}, %M1 2.0 mg-L™" 1) B X /K FE R &
F=ZEnt sh LR BRI AR A K.
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Fig. 2 Effect of B and Sb treatment on the Sh concentrations in shoots and roots of rice
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Table 3  Effect of B on the total Sb amount in rice root and shoot
. HRE/ pg-pot ' 25/ pg - pot !
B Y&E -1 -1 -1 -1
L1 Sh( Il') / pmol - L. Sh( V')/pmol - L Sh( Il') / pmol - L. Sh( V') /pmol - L
. 10 30 10 30 10 30 10 30
0.5 25.44 £2.02* 24.17 £1.53*  6.41 £0.36*  7.45+0.61*  2.47 +0.10* 1.10 £0.04*  6.55 +0.12* 10. 03 0. 59*
2.0 18.89+1.27" 12.16+1.04> 6.20=0.40* 7.69 £0.67°  1.86£0.22"  3.31£0.15" 10.53 +0.74>  10.33 +0.81*°

2.4 Sb 7E/KRGHR R 2L v 1Y & 45 R BOR ) i
R

AN B B INE X K REAR R MIZE0T Sh & 4 R AL
IR L 4. ] L K ASAR 2 Sb 1 & 4 R 5L
KT KFEZEM S iy E EFRE KRR RS sb( )

AL PR B A R B E R TSh( V) AbFEAY S R AL
B B (14 18 i k25 o A AER R D Sh A 75 Ah LS K R
FRZ M Sh 1 & 4 R B[ BR 30 pmol-L™" Sh( V) 4b
HRAN E B ST 4R v B S b BK R 250 R S
e FX ¢

F4 ShEKBREMEMPHEERH

Table 4 Bio-accumulation factor (BAF) of Sb in rice root and shoot

M F/ g pot ™!

ZEM/ g - pot ™!

B Wk

/m(lszytl Sh(II)/pmol - L~ Sh( V)/pmol -L ! Sh(II)/pmol -L~! Sh( V)/pmol -L ™!
. 10 30 10 30 10 30 10 30
0.5 37.7 £3.11°  14.8+1.56°  10.5+1.07* 4.9 £0.77* 1.9+0.11° 0.9 +0.01° 3.0 +0.12% 1.8 +0.01°
2.0 34.2+2.23"  11.0+1.25" 9.4+0.58" 4.2 +£0.35° 1.2 £0.08* 1.4 £0.0" 4.7+0.01" 1.9 +0.00*

F5 NARTE B He AL BE R KRG AR 2R AZE 0t
Sh B4 L 3R, R T DA, Sh( ) Ab 3N A
88.8% ~95.8% I Sb M ECAEMR R B, 4.2% ~
11.2% %) Sb 4 BLAEZE M- B, Sh( V) b T A
66.6% ~ 77.8% ) Sb s BLAEMR R HL,22.2% ~

33.4% 1) Sb A BCAEZE N L. AN[A] B vk B A BE XS 7K
TR R AZEr  Sh 43 BL LR A 22 5. B ik
JE (R RGN AT 28 MR Sh ( V) kb P /K R AR & Sb
(53 E He R i i 2 R i Sh () ANSh( V) AR
IKAEZEI T Sh B LR (P <0.05).
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Table 5 Distribution ratio of Sb in root and shoot/%

MZ/ g pot ™!

ZEM/ g - pot ~!

/ifL&:l Sh(II)/pmol -L~! Sh( V)/pmol -L ! Sh(II)/pmol - L ! Sh( V)/pmol -L ™!
10 30 10 30 10 30 10 30
0.5  95.8=%4.15* 94.5+3.14* 77.8+3.37*° 72.8£4.75°  4.2+0.22° 5.5+0.12°  22.2+2.63"  27.2+1.26°
2.0 94.7 £2.99°  88.8 +2.65*  66.6£2.68"  68.5+3.54"  53+0.16" 11.2+0.92" 33.4+2.76" 31.5+1.73"

3 g

Sh ZETCE MR RE As FEMITE, BN
— LR LT As, S A KA FEFEEH. AFH
AR sb #EFEMENA 25, —BekUishb (1) /3
PR TFSh( V) ' ARBFSE LS Rt &, Sh AbH
IKFEAE R Z B A3, Sh( I HeSh( V) X7k F
BEE IR, RS KAEXT Sh s R I #
BASh () ek, Sh( V) IRZ (K 4) ,iX il fE 2
K AEXSSh (ML) FISh (V) B W Wi 32 HL I AS [w] 1
ALY SR H RTXRHAE DR Sh BRI AR i AN
. AR R, ERCED R Sh () Wl GlpF
FEH, Fspl 2 FFIZK H 1038 8 2 1 (AQPL ) #F A4
Ji, i ArsB ZE . Acr3p F A ABC R ik 412
EEFH A mT L Sh ) #EA 40 24K
BT 52 8 E A A W E S /E . Tschan
25073 1 XA 22 SCRRESHE O A BT, 2 R A T
i1 2RI KR HEAT W S R g2 Sh(V ) L IFIA
Sh(V') 3 L 7% VR FH A Bl W s b 4 B 5 il — 2
FERE YIRS ZAEAE ) HAT B8P 1 R A5, 3o 2 i 42
il 2 KA R - A I AR i) 25 v A aE . ik
XX —HE IS HEA T AR RS . A AR 2R K2 2 i i s A
REG% ARV S0 R T I I B R AR R RS, i
FERR R RE, BT AMABE LG AT Rz 24 B oF (HLIER
A LA 7K 43 RIS I 3 e I AR 3 i S 3 AN
YA, DA A SR R A ). L ARMBATIA R
Sh( 1) v R A 7K 38 2 g sh i 8, IR TR AR 5
A2 b 200 Jf S AE A 40 B PN, (R K GE B B R 3k
Sh( V) FHEF#E A, Sh( V) BB 7 A 41 i P 75 2
s TR,

M (B) EEYEREE LT NMEEFRITEZ
—. B B EAE YR N S R A HLY B 2 B8 4
EE A A7 7E B8 N A 4 A 5t o o 224 FALAE
LRI ZINN B Hl Ca —KE, J& TR Sh Wl i 5
FRICR , EIEARTH 1) _Fishy, B2 K0 72& B
PR, I3 4o 7K 38 38 2 11 PIP1 ( plasma membrane
intrinsic proteins) HEAMIIANAE". B BT

SR 7% I R R B L BE BT AR, ZEAR R
B s ] S5 A R s AR SR, A 7E T
BOHEESR otz RIERAHDCEA L
GBI T e — & BB b 34 250 i R 4 K i
ORI A B RV K o3 091, DAIE I 38 PR
BP0 ORI R R B, 4R B VR B T8 i Sb X
IR EE T, R IROK R AR 2 R 25X S Y W R
£, IR0 Sh FE K R R AL rh ) s 4 ROy
BLEER (R4 MK 5) . (ARSI B 5P
JEAS Sb (A ELAE FHAL S B R B 52 ), R0 2 B
5Sh( V) Ab3 S HOX RIS JE KA R, — 2
JKFEML B FISh( V) A A EHL] L, PiksSb( V) 5
B Z [AAH B A 52 M) AN K, {HL A, 25 3 3 5% i) 7K R 1) A=
KL F MW PR TR KRR 3 A, 02
N AU DG IR e, A T S 90 e v 2 A7 B
AR SR FRRE DAL B E AT 23 32 B O FA7 1
SO R )2 X AR 22 18 1 I K R A A vh 3 0 1Y)
B IR MR 2x BEOR. A A A T B S il
HeEeHR4moHiE, Wi B i RESENEER
. HME B K ARG Sb A AL B BrE A KT
L TRERYHLE] . —J7m&Shb( V) il B HAHEHiAE
AR ESE S, TSR R Sh (V) B o5 —
J, B i 3 /K 38 38 2 (1 PIP1 ( plasma membrane
intrinsic proteins ) P AFE Y40, X 5 Sb( ) 38 1
JK T HE e sh R, AR AR BT AR 2 5 20 i g
G L D SRR, R T B 5 WA, PR AR
FERRXTSh () Ay, 17 B SN B 22 fifk 7K A
Sb 5 H HMLA, 75 2 A TIN5 3% J7 1 e

4 Hig

(1) %A 30 pmol - L' fSh( 1) 5Sh( V) ¥yxt
KA KA I 10 ol -1 9Sh( V') 1)
(KRR K, Sh( I ) BeSh( V) b 3% 7K B A=
BEE I 0 B I T 2% Sh X KRG R R E
e XS (T ) Ak 8 g 7R 5 o 408 A P o 3.
(2) =A4r Sb FFM Sb Y 7N I 35 i 5% i 7K
TR FIZE X B AR B2 4 Sh (1) vk 3
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