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FE  FREIR X A b ER AL Y B 2578 KR B AR A AR IR 7= A T 0 35 e DRt ok AR A B TR T B B
R B DR S RO BCE AE W I A AE RE D AR S L IR S E - B R A EE MR L, RARTFE S Sk BN E
( Triticum aestivum Linn) 4 Na*/H* 3% [n] %12 8 (A9 (vacuolar Na*/H* exchanger or antiporter, fij#% NHX NHE 2 NHA ) , X}
ARZH EL ( Cichorium intybus L. cv. Puna) AR T T s4k . &Pud Rkl S &St TaNHX2 FEH ) PCR ¥ F0 Southern 248
S3HT  IEWIZRAT T 28 BR%% TaNHX2 JEH R4 E AR . TS RIREE NaCl V8O0 08 46 1 B A8 2R T AUR G 2H4UR4)
ARG O E RIS S5 R SR 5% TaNHX2 BERIETIN 48 BRI AR R I L — 2 ot | LU BFAE BUW] B4R . 7E 300 mmol/L NaCl
OR300 J R PR R ol ) AL 2 38 AR L3 A3 R0 43 Ak 30 S B AR BUA R 1Y 2—4 £, 175 500 mmol/L NaCl ¥ B 2 B A UL B[R]
HMERBE S AR A G ARG ST 57 A R SME R sl RETE B A 4 2 sl iR BEIE B AR AR B A ARG T AN AR 1E 6 L
Ko, e BE RIS AR AT AARELIE i@ i HZOFIE R AR AR [T 500 mmol/L NaCl Bk T M A A 1 4% 5 PR 38 TS 4 1 &)y i
HARPIN & 5 (MDA) 1 AL ZUBE ( POD) F AL YBALREE (SOD) TG PEHEF T E , 45 R R W] L HE PR HO BT A B RE IR 11
MDA & HREAIR T 1—3 45, POD TR HEEE & T 1—3 45, SOD W& M4 = 1 2—3 i, 40 A S0 44 15 110 66 5 HL AR P Yy —
DR (MDA) it A LA ( POD) Al A A B AL 1l ( SOD ) i PR IAH G
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Introduction of TaNHX2 gene enhanced salt tolerance of transgenic puna chicory

plants
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1 Shanxi Argriculture University Taigu 030081 , China
2 Biotechnology Research Center ,Shanxi Academy of Agricultural Sciences Taiyuan 030031, China

Abstract: The growing severity of land salinization and alkalization in some areas of China has resulted in adverse impacts
on crop production and agriculture-ecological environment. Soil salinity is one of the major limiting factors affecting crop
growth, development and yield in arid and semiarid regions of China. Therefore, breeding for saline and alkaline tolerant
crop varieties through genetic engineering approaches is of great significance for improving the crop survivability in saline
and alkaline conditions and ecological environment, as well as for enhancing crop production. With the development of
molecular biology and genetic transformation technology, numerous genes related to saline and alkaline tolerances have been
found and cloned. Introduction of these genes into various plants has achieved rapid improvement of their tolerances saline
and alkaline conditions. Cichorium intybus L. cv. Puna. belonging to Asteraceae family is commonly known as witloof
cichory and widely distributed in northern, and central China. In this study, a wheat ( Triticum aestivum Linn) vacuolar
Na*/H" exchanger gene ( TaNHX2), in connection with plant salt tolerance, was introduced into puna chicory using

Agrobacterium-mediated transformation approach. Puna chicory leaf segments were precultured for 2—3 days before being
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co-cultivated with the Agrobacterium strain, pBin438-TaNHX, which containing the target gene, Transformed buds were
selected on the MS medium containing kanamycin (80mg/L) and Cefalexin (1000mg/L) , and 28 putative transgenic lines
were obtained and used for further molecular and biological assay. Analysis of the transgenic plants was performed by using
PCR and Southern blot hybridization, which proved that the wheat vacuolar Na*/H" exchanger gene was successfully
integrated into puna chicory genome. Effects of NaCl concentration on growth of wild type and T, seed germination, callus
induction and seedling growth were investigated. The results indicated that transgenic puna chicory explants tolerated certain
concentrations of NaCl up to 500 mmol/L, which was much higher than that of the wild type. Under 300 mmol/L NaCl
stress, the transgenic seeds germinating rate , callus induction rate and bud regeneration rate were 2—4 times higher than the
wide type. NaCl concentration of 500 mmol/L was the maximum amount for the survival of wide type puna chicory plantlets,
under which transgenic explants could form calli, buds, and roots, and grow normally but the wild type explants could
not. . We also measured the contents of malonaldehyde ( MDA ), and activities of peroxidase ( POD) and superoxide
dismutase (SOD) in transgenic puna chicory seedlings and its wild counterpart. Under the stress of 500 mmol/L NaCl the
MDA content was decreased by 1—3 times, superoxide dismutase ( SOD) activity was increased by 2—3 times and
peroxidase (POD) activity was increased by 1—3 times compared with those in wide type plants. The decrease of MDA
content in transgenic puna chicory seedlings was negatively correlated and the increases of the enzyme activities in them
were positively correlated with their tolerance to NaCl. Above all, we can make a conclusion that salt-tolerant transgenic
puna chicory plants, could be obtained by introducing wheat vacuolar Na*/H" exchanger gene into by plant engineering

approaches.

Key Words; Puna chicory; TaNHX2 ;genetic transformation ;salt tolerance
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DA SR i 555 110 A 25 P 5 1 3] 58 I R RBEIR , ™ R 24 6 T B 0l ) e T S e N IR A TR KR e . B T
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W R R R AR BN 4R R AN R Na a5 M Na* /K A R RE , /b Na® o Jif 5 b 20 it 2 0 73 5 W]
DX B AL R TR0 1 Na BEAIR T 20 AR (478 375 4, (2008 200 it I &1 S5 6 B 855 v K DA Ak S 2 4535 3 7 TRt
FLAT R R ) 3 R Tk ) D BE

ARG Er ( Cichorium intybus L. cv. Puna) NZEL (Asteraceae) 35 5 J& ( Cichorium ) X ¥ M) . R4 B 2
—FPE IR R R W BA 2GR I E, T YRhE S ER Y ROTR E AR WO TR,
HENR A —SEYAE N B IER R SR R B A L B F ORI L B R SRR Y,
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PR T 5 H R mdoh AR R, XS IR 48 1 7™ o i P e AT — g PR DRI I3 o B PR T AR - B e IR A E 1Y
i 5 T R e B R B A B A PG R AR AT TR A 5 0 I 3 AT e A LD A SR A
I RATHE AN PR B /N2 ( Triticum aestivum Linn ) 19 Na*/H* Wi 5418 85 H TaNHX2 5 AR 26 &
o) RIS I3 DR A A ot 8 48 1 i P A S o, Dby I8 2 1 A M [X o 3% 26 S
1 #MFFHEE
1.1 YR A A R

PR B B A5 R (2n =22 =18) , PP i L PO AR Bt & A8 R 9T T4t /NZE TaVHX2 SEH
R el rf E B2 B st % & B BF ST T 803 A1 R A7 M 5T D1 4R 4t TR 4% FX Ry pBind38-TaNHX2; Jii 2 F
CaMV35S, 4 1k : Nos, RAFHEFEMIE LBA4404  ARic HelH - RAFE 2 (Km) |, fii i 56K 2 Km AR (rif)
FORLEIE WL (1) o

Hind BamH Kpn EcoR

«D—Di 35s Q Na-Hanti porter (TaNHX2) UTT J—%

R Sa L

B 1 JRHI pBind38-TaNHX2 #32 [Eif
Fig.1 The map of pBin438-TaNHX2 expression vector used in the study

1.2 RATEN SR IS4G B b 54 B iR A

W IR A = B T B R DIRAE MS BARSS IR 5L B 7 2—3d, I IR 48 15 v D) BB i e X A
KR AT B (0D 21759 0.4—0.6) 4K TMI7EF 0.2 mg/L IBA F12.0 mg/L6-BA H) MS [1AR; 353 48535 24,
RGN 0.2mg/LIBA 2. 0mg/L 6-BA .60mg/L Km H1 1000mg/L k155 %K (cef) 19 MS [ 57 e 15 F5 45 |-
B MAEFKE lem I, 73] 80mg/LKm Z M1 1000mg/L cef [ MS 353535 FAAR
1.3 Km HUPEAEARAT PCR 4387 Fl Southern 2258 53-#7

WY A A R T PR b PR T A 9 K HTVE 1 M, SR AT CTAB 351 42 15CEL DNA, LI Primer 1: 5'-
atggggtaccaagtggtggc-3'; Primer 2; 5'-taaacactccaaggaaggtg-3", A 5|4, FEHUK) DNA A AR, SR FH 95°C i A8 4
2min,95°C 28 M 305,56 °C iR 2k 50s,72°C HEfH 505,30 MGG, T 72°C LEMH 10 min, =9 i Bt KN 700 bp,

A HUESE PCR 4 45 00 FT 54, SR BOR S ALHIRR AN PCR BIPEAE R 1T A& DNA #E4T Southern %
22, VLA SNIRSE DR B J5ORE DNA J FRAEXS IR DEBRAE A DI Hind Y] 20 wg & DNA 37 CHi LR, W
Hh 5527 ( Digoxigenin ( DIG ) -dUTP) ARiC /9 TaNHX2 B&H R B RS, 24 28 B0 68°C , i #% ., LA CSPD (4-
methoxyspiro {1,2-dioxetane-3,2’- (5'- chloro) tricyclo [3.3.1.1] decan)-4-yl | phenyl phosphate (CSPD) A%
JCIEY) . BAREREARYE Southern 17 £ ( The Dig DNA Labeling and Detection X7 £ ) #24E T4, CSPD 1ty
F Boehringer Mannheim Co. Ltd, Germany, #REFHA AT .

PH{KZR  buffer 2pl; ANTP (& ¥FRriC) 4ul;pl 0.8pL;p2 0. 8ul;Taq (2u/ul) 1wL;ddH,0 10.4;
template ( U2 DNA) 1uL,

PHIERF  94°C Smin; 94°C 30s;56°C 50s; 72°C 50s;72°C 10min ;30cycles
1.4 EIRAGE IR0 40 BT 75

FEBEDABE R A Eh A% N IR HR IR e T 202 .1 P it i R I T (0 AR AR R IE 52 iR bR AR
KIEH M@ mHRRA ;3 Sohhimtk e KRS, i @IRE O, I 7Bl ;4 GURTUA A5, M0k
B, MR R EBOET . H 400mmol/L 1Y) NaCl X 28 W KPR AFE AR FI 28 B A= HURT AR A TN £8P 49050 #r , O
T 252 14 T 66 S 30 v i 0 2 S PR R AR 4 Sl s O A e BE A R R
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P A TR L DR T AR R 5 FH 75 % ORI 1—2min 0. 1% TR IZ ML 10min , 22848 K vk S0k m
FHUEARNG T, Pkl B AR A0 A F & T 2 22 MEIRARAEEFR L EA2 R 10em) 5, 43 55 A FR % 2= 1
A BRI 50 0, B4 3 2, SEERIREE 5 > NaCl ZRHEES .0 (CK) 100,300,500 ,700 ,900mmol/ L, i It 15 57 46
HEESE (259C, 12h SG I, 12h SR ), A R 5 46 b B DL AR R A PRV R AR . AR BRI SR 3 RIT IR, K
10:00—10:30 i sk B MR ML 0 & 2FFP 148

VEBCRFEAL T FIE S8 8 5 TaNHX2 SR 5 A T ARFEFLHBR R, 70 il AT b3

O FHR B HAGAL (AN 'S 5L BRI bR R g5 A [A]) AL 3 20 $ ik 3 HE A,
WREE AL BRI ZE RS

@ B 1em ZEA7 2RO Y ( 2RO B 5 5 FLAMB IR SE bR R 45 A0 A ) RRdl A3 5 4>, i3 iR,
MEE: Fr B A=A L AR 15 R A AR SO AR KORES

@ TAEM 20d ZeA7 PR RE (5 FLAME RS JE IR 2R a5 AH R ) REAL AR B S AN 1 3 U EE A, WA AT
AR ARG

BA143 BIHE 100 300 ,500 700 .900mmol/LNaCl ) MS [ElA s 753 FOGIREE 55 (25°C , 12h YEIE  12h )
30d, DAIEH MS R 5L R % i

B lem Z247 I ZER A S (B RE R 20 R ) , 7€ 500mmol/L NaCl [ MS [ 44 8% 75 3 |- fR 1% 57
(25°C,12h YEHE 120 SRS ) o 20d Jo DU A4k R AR, AR B A

VEIULE 5296 28 BT IR B0 P R I 1 T, A TaNHX2 JEPR 5 ARk R 0 PR MRS i 4 25 B 7E MS 1553
Fer K 2d AR E HAE 10em 5 10em ERNE FRE T 8 A ERLRT 557 30d o7 SRR Rk AL 4
M2 JEJE AT R E AR, SCER R 5 AR EE, NaCl ¥R B2 2R 100,300,500 ,700 ,.90mmol/ L LA ZE 48 7K 4 Xt R
R AL 20 ¥R, 5 A ER EIRRGFE 30d, MEAEAR YA KB DL
1.5 AEHEIRAIE

I R R R 5 W A A R 2 B[R] — T
B, X H SOD & POD T PE L) K MDA
1.6 St

RIGEHE K Excel 2003 K JH DPS k{64705 225387, 1.3 7KF- 0. 05,

2 ZEREHH
2.1 %k TaNHX2 FFARERE BRI AL 2

FIFHAAT R A IR NG IR AE 1E , Z AR AL BRI MR ZE T BE 5 97 2 [ 283 2 A4 I oAb 3G 5%, 00
L IMER G I i BT B A 28 5595 20 1 DA R P2 AMa R TCE AR 0™ A8 B B AR 2EPE B S 1 B
FEPEEIET: . B2 60me/ LKm G i FAE A PTPE 2F K 22 0. 5—1. Ocm B EEFPZE &4 80 mg/LKm YA AR
BRIk B3R 1 R BT AR B e A

FH B R TaNHX2 %855 90X R AR5 BH R 098I 36 B A AR DNA #E47 PCR AU, 247 28 #R4 4
TR /IN(700 bp) 1 B, B A BURE MR I A Y38 iz B (1 2) W15 E B TaNHX2 FE R 2 R 2 b e AR
HE,

RN TaNHX2 5EPRE IR 2 35k R 20 v i 8 6 4 D4R, % 70 PCR %55 PR A PR 1) &5 DNA i)
FEYIIEAT UKL, IARIC I TaNHX2 FEHIRE 5 HUET Southern 2438, 4R LM 1 BRA 2 52243871 ,3 #R4S
A1 SRS 1 MR 3 5RI30T B AR BRI AR TS AR 5, RN BE B 5 31035 IR 4 15 I 2 1Y DNA
o, HAMNEE R 2 DL DR H A (E13) .

2.2 MIHRAHTER NaCl Mha F 4K

SLEGLER R, F 400mmol/L (% NaCl X 28 #R%% LR AR A 28 W7 A= BUAR AR AT HUER M43 H7 , 28 BRIG5L

PIAEAR A 23 SREBUN EHT, 3 BRI APUME 2 BRI R Hh T ; 17 35 2 BURE Ak 3 AR LI ThHUR 25 pR L

WA IR 2H 35 1, 1 NaCl ¥ B4 500mmol/L AbFH 24h J5 , W EE Hp i PEF
SHEETE"
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NI,

B3 HEFEEMK Southern blot £7E
Fig 3 Southern blot hybridization of transgenic plant DNA
P B R — . BT 8 1—S L S S R A

B2 FLHEKE PCR AN
Fig.2 Detection of transgenic plants by PCR

M:DI2000 maker; P BHPEXT IR, ~ . BRI X IR ; 1—8 . FSE R At A

I B2 Ab B ( NaCl<300mmol/ L) X Fh 71 & @A A1 LUE i AP I AR X 5855 (3 1) , HR ZE5 AR A
S ACZEECT BEARXT LA 22 T, Ab BRIRL A A 28 28 M S8R0 oA 25 800 25 S AN 0 3 Bl A Ak BV B 1 T, Y
500mmol/L=NaCl=300 mmol/L Hif , Bf A= B RN BL PR T ACHFh -  FME AR SZ 70 A5 B35, LR 28 3R R B
B, 3 500mmol /L 1, B A R 2 25 SR ILAR A 03 35 48 RUAME R AR BEIE i@ 05 4H 200 ELnt i S 900k %
@, %5 NaCl(900mmol/L= NaCl >500mmol/L ) ¥ & i 4k L3 i | B A B AME AR AR SR B0 T, 75 3 R AME A AT
DLARSEIE AT 412 . 24 NaCl ¥ JE 5413 900mmol/ L I, % 52 (R AME ARAT SR 7T LIE i 5 41 4 (B IR B &
NI

#1 TE NaCUREAAXMHFR BHESMESLHOHM

Table 1 Effects of NaCl on the induction of callus and bud differentiation
NaCl ¥

The concentration Tt 24 LIEVEEEAL IR

of NaCl solution /( mmol/L) No. of buds No. of callus No. of seedlings
Hp A Y 100 26.52+1.66 b 14.52+1.97 a 21.71+2.52 b
Wide type 300 3.09+£2.21 ¢ 7.57+1.67b 13.97+1.13 ¢
500 0+0d 1.73 £0.98 cd 2.06 +0.74 de

700 0+0d 0+0d 0x0e

900 0+0d 0+0d 020e
R 100 33.43£3.21 a 16.13 £2.67 a 29.69 £2.64 a
Transgenic 300 12.54+4.89 b 13.60 +2.67 a 24.10+2.74 b
500 5.51+0.98 ¢ 6.33+1.96 b 11.97 +3.49 ¢
700 00d 4.03%1.71 be 6.46+1.71d
900 0+0d 1.65+0.91 cd 3.66 +1.54 de

] — 3 oA - B B AN ] 7R 26 5 .3 (P<0..05)

NaCl 8 T B35 1 4 8 £ T : NaCl <300mmol/L i}, BF A= B4y i i F ply 7 B A B SR 4 (0,775 Ky
FIE RS, AT DUE R AR K A KL IR IIR R 5 24 500mmol/L=NaCl >300mmol/L B, B A BRI &)y it |
B Sl A RN REIE R AR T BRI I8 A B A AR i i AR TR ER A R AR — R EE Y
AR/ INET AN AETE AR SRATI SR BB RS A A I 8 M A 4 i B AR SR Ve &, FLBBRS IE # AR, AR KUK ISR &
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TEMHR BT B AR R B i ARSI o A 45 SR AT LA Y 2 R PR A A (g g e P k2 v T B A AR A A ( P<
0.05) . *4700mmol/L=NaCl >500mmol/L B, B A= BIZ {7l ¥ BE T S S P4l it v AR R R Dai e i
F B IR 1R, AR AR SR ;4 900mmol/L = NaCl >700mmol/L i, 7 JL PR 4 i it Fr A5 w6 il 2898 i a2
SRR MRRARBEIEHE AR, FEXT 5 NGRS IR 48 Bk R 4 i S h & B, BT I NaCl i B [ if 22
TBAFAEE — SN 22 5, T RS /MR L DR i 8 DU AL AT — B M C R . ZRIB T, 500mmol /L 1
NaCl J& 7 4= B4y Al LU 32 1 55 KR ,900mmol/ L Y NaCl 255 3 (Rl 4l i v] LUK AZ 9 e KM, NaCl irif
RS ARG SRR ARG A AL,

Y& TaNHX2 S S ARAG EE T ARG R PR AR 2R VE NaCl b3, 25 R 59000 s A A5 - — 30, K
e AR B (NaCl<300mmol /L) B, AR AR B4 A X255 , 24 NaCl ¥R BE T 28 500mmol/ L B, FE LR 1) 20 #%4)
B AT RT LAAETE e B 5 nl DE 8 A 1 5 AR AR AR U AR A0 FE T 5 AR S 1S N NaCl Ve BE R 36 5 R &)y v th T
U BLAET

FEIER MS Brg i I #6 5E PR 4 AR RO B0 BE g S L 1 7 AR 78 | SR IAE i e 0 B g i i, AR 254l
SRR — 2 T 7E 500mmol/L 1 NaCl Wil 258 T, B 3 PR I8 48 ARG AE 1. 32—4. 89em LN, -1
3. 0lem; AREETE 2. 56—8. 1g yulHI, T4 4. 56¢; M AE R AMR K 0.2 om, PRI 0. 07g, M A K 2=
S AR 5. 3 B PR IR A4 G A T PR B AR R LA, 1 B A2 B A0 & AR /N (1 4) o B 500mmol/L
[ NaCl 38 5508 T, 52 AR BT Az R A A= 4 52 31 WD 0 A4 717 2 5 PRI 4 1 f it 66 145 280 W 0l ol e e 3

B4 % TaNHX2 BEFEEMHEMT R EEE
Fig. 4 NaCl tolerance assay of TaNHX2 transgenic puna chicory plants
A BPERIYEIES MS BiJRdE EAC 20 d; B, BRI IRAG R IEH MS 15900 BAE K20 d; € BFAE BN IRTE 5 500mmol /L NaCl MS $%
Fidk BAK 20 dy D BRI IR EAE S A 500 mmol /L NaCl MS 355k B4 20 d

2.3 NaCl X782 B 4115 SOD  POD % P A MDA & & A2

765 500mmol/LNaCl 19 MS [E 14 55 35 5 b O IR I% 35 2h, % 3 3% I8 45 & 1Y SOD Wl % 7 7F 33. 11—
41. 99U/ g fif H i Bl A, PTG R 36,90 U/g fif o, BF A= AU JIR45 1501 SOD &P 15. 07U/ g S 5, &
SRR AG RGP 1/2( 3% 2) o TESRIE BN 7R 5L - A0 45 5 1Y SOD 3 PE B 8 i TP A= A A A
TR 20 P 1 B LRI 3R 0 fe 2 S8 AR 03 1) 47 5 B4R 7 00 40 12 7 v R PR B R IS N BB T

POD YR IS B —Fh , B RE A IR Nt 2 5t Ak . 7F 500mmol/LNaCl 4bHH | % 5
PRI 8 4 5 1) POD BTG P 7E 47.25—79. 54 U/ g BEEE U N, P34 1R 66. 80 U/ g fif 8 ; HF A= B4 1
) POD BTG PE R 29.40 U/g i R4 FER IR 4G E R 1/2(3R 2) .

http ; //www. ecologica. cn



5270 A E = 314

MDA JEHE 2% B AR AR I B &= R R G2 i F W E E AR R 2 — B R 2 R 44U
TRAFRE 78S | AN I 2 e A ™ 1 AR b 7R 500mmol/ LNaCl ¥ B2 I, MDA 1Y & &t B @ i fIK 7187
ARI(F2) , HIR R AT RE S T SRR R T TaVHX2 LR SR A H3E s BE = 1 SE DA R A 30 5 108 A 2
KA BE T o

F2 HEMEXLAZE SOD,POD FiE 71 MDA KIS
Table 2 Effects of NaCl stress on the SOD, POD activity, and MDA in the transgenic puna chicory plants

BRA Line SOD/(U/g fif 5 POD/ (U/g i) MDA/ ( wmol/g T )
WT 15.07 £ 4.9 ¢ 29.41 + 4.1d 28.44 + 0.9 a
9 33.11 £3.2 b 47.24 £3.3 ¢ 1516 + 1.1 b
11 38.17 + 2.9 ab 69.86 + 2.1 ab 9.76 2.1 be
13 33.63 +2.1 ab 63.88 2.9 b 11.36 + 1.7 be
21 37.59 + 3.6 ab 71.51 £2.3 ab 10.29 + 1.9 be
24 41.99 £2.7 a 79.54 + 1.9 a 9.39 + 2.4 ¢

Gl — 3 H A Ol A PR R R 22 5 8.3 (P<0.05)

3 itig

KAPILIR , AT i A A R o R P e — AN SR B, ol 2 DRl ) B PR, B —JE D /R HIAS fiE
AR AR R . SRTT Aspe SETEANRG ST IR NS 1 3R3K amnhal FEDY | R UGS DURLRR WL Na®*/H* 22 4t
LB RS 2, B D Na' S BAim . F& 200mmol/LNaCl 19$ER K B HE 5 5 A AR RE 1S 58 1R 1>
AR DRSO R I A AR ) R IL BR AP MR . i e e K armhal B DR A
PP BEAE 7E 200mmol/L #Y NaCl BN IEH A= K& JFAE 552 TR SR 52 it B AT B 5 i, N -t 35 A 76 2R
o R AR R RS R B — [ Na®/H" 306 o) e 58 B PO SR G AL R0 ) st KR
VR T AL U SR FR AN TR Na®/H 306 1) s 52 26 1 L PR RE 05t 5 4R 0 B2 AR A TR Rk
XL TAEFURE NN 0] GEE i ) H AR S A 1 A A B LA D0 REAS 21357 A4 It £5 A8 1) il 5 5% 9
TaNHX2 H)ZR3K 5 W UIROC, AT LA—J7 T PR 2 Na* X400 BT Y35, 53— J5 0 X DR Na™ 1 —Flcf
i (8975 25 1 T K o AR 200 ML P02 a5 34, DAL T 8 e e A Mt o7 R 35 A 5

ARSI R LR, NaCl Y EEAE 300mmol/ L 5 84 BAR 1~ 19 5 2 A BE AR K7 IE B /K- | Bl ok B2 1) T v i
HUHT K, NaCl AR B | 508 4 T f 1 B4 5 24 0 H 1 249 6 7 37 A R 56 5 T3 52 i b 4 13 5 1 40 1 )
R, BTSN A R AR A BRI B R R DL, 4T R R T LA AR R R
e HH 2% iy PP AR S S B R R, X5 TaNHX2 FE N IR 45 B R A 20 2V SR MR R AF B e AT 52 50
715, NaCl Jiipie T ASECAT ARS8 4 12 A 0 LA Hh AR 2 T EL X IR 2 15 4l i A9 A K e 7 DA B AR
NS e S0 AL B 4 1) S TE N R L 1 S M W g i e SO A W N 7 e s N G I ERAN G 7 S T e
TER —LERUINI 22 57 . AN SRR A0 358 D3 MIE IS I~ e 3 DR R 1) 2 ORI 0 e T B A Y 7
W0 e R DA IR A B B AR ZE AR R FIAR ZE RO TR A B, H AR IE T AN B A IR A
A AR AL AR B P, Horp BB I FIR AR S NaCl e S B — @ AL G &, RIS NaCl 9
JE T BEAR G IX UL SR B X AT TR RN 3 A0 R PR IR 4 12k 2 i S 6 v WL 3], AN [R]  2R TR A
TER—EMZES,

FWITE R SR PRS2k A — R A B AR AR A, A B ™ A 9 S T 3 X 40 ) 4 3 2 32 WD A
WA R B A 22— TR AR R AR R T AR T R SR (ROS ) BE A B AR P 16 M 4 Bk AR 1 45 i
(SOD . POD (CAT 45 ) SIS Bk , AN S X A i sl o (EER 52 O 3 D 22375 5 200 M A Uk 7 A R
MRS, 1 P 4R AR AT (8 40 B B AT A T R o S A, IR AR W AR AR R S 1 e A e M, 5B
HREENERE R AMRONE | B2 T B N R SRR SO Rk A T, SOD Jeskk G 4 il 0 52 S AL ki
(SR, HE P B SR BT 4 A ORI [RIIE, SOD S BRI P S0 I SR PR I BIR, $m
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YT ERE . AHFSE S, 7E 5S00mmol/LNaCl Wi R, %% TaNHX2 R R4 E i SOD , POD % 1 JL-F
S B AR RIS, DATTT REAS OB 55 S AR e A R 1 . ARIFEHE TaNHX2 R ARG T, 5T
e B DA AR AE SR8 T 19 SOD \POD i1, M ARG AR i R 1 i o | % WP A DR 7 01 2 AL AR 1 i 2 B
SR IR AR 33 SO R DR AR N A A A A B £ R LA ARG 390 55 06 3 R 4 T AR 005, 2
PRSP TS SR AR A IR B o A AR AE S 5 1038 T OR3P Bl (9 VE T B 258 2 & AT 22 (A1 AH
HHMA HAR R — AR RGBT A TR N R BRI E 25 SR v AR Y, Na®/H* 396 [ % 58 2 (450 T H
VI a5 Re 1, I8 4 B0 ER A B A B T 32 7, 4 HAE SR A T RE RS A A
4 i

SANFE TaNHX2 R 1 75 36 PRSI0 2 5 (%) TR b 4 A0 7 28 ikl 2R 55 T 19 SOD s M A POD il 115
P, Mk SOD POD WY& M2 UIAH G
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