Bk 2% R 2018,35(2): 137-146

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20170302

R PONHX1 BEFE R [E . RIiE DT RIS IE
AoOEE BV AT AER AR

(R RO RSB 2B, A 2100955 VLR A RHABER M BIIEIT, B AT 2100145
LI e SR B i RS S B AT 210014)

W [0 )Tk LAY Na'/H 53 ) 5635 2 1 3L PONHX T, 10 FLFRFRAE | ek s R S Re s AT 5T . [ 73]
K FH RT-PCR #1 PCR ilE PENHXT 11 cDNA 1 DNA JF 81, R A 0045 827 05 B e AT 19 50 4307, 5 & PCR IR R AR
Y E T 5 S KA AL TR T MR IS I POENHX 1 SR 1 B 55 A8 7 o [ 45 YA BL PONHX T 3 K cDNA i [X.
1 1704 bp, X iz K [FI2H DNA J¥ 414 3 594 bp, FH 13 /MM R0 124> % AR, i 2 (1 1% 567 D2 R iR . ARGk
AR 7, PONHX TS TR0 RE TR Na/H 386 [0 55428 25 1143 32 1, AR IR Na/H 33 0] 458 85 111 PINGHX 1.3 2 [R5
GRRBOE , IEWARFZNT, PONHXT FEAR R Frrp ik it /AR . Jifiin 200 mmol - L' NaCl ., 10% (@) PEG6000 5%,
100 wmol - L™ ABA Ji5 , PONHX 1 1EM F /h i 5% K 452 B T HAE AR i ) Rk i e TH G B, 3838 s AR vk Hh BLZE A 2
J5 6.3F16h, PONHXI B N TR NaCl KCl I EE 2 B X nhocl 025 B BRI RE AXT3 A9 A K05 %% 25 DR - 200 i
P Na F K B B0 o (450 PONHX T ELATFEH) NHXs 3 DK S0 A 6 A5 R, X300 788 Wt Fl ABA Kb BRI 771
B SRS, 5 A% SEIN RERSAR i B RS nha 1 045 578 1A AXT3 X 0300 AR A2 BE 7 , 3040k 52 Hxet FH B8 T 68 Th B
MR HE Na" KFHE

RHRIA] : FEAYL; PONHX TS JPHNRHE 3 F0 R 00 BERE L AD

285 S661.2 SCHRBR ERD: A WS 1 1009-9980(2018)02-0137-10

Cloning, expression and functional analysis of PPNHX1 gene in Pyrus bet-
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Abstract: [Objective] Pyrus betulaefolia is one of the main rootstocks for pear P. betulaefolia as a root-
stock can effectively reduce Na® accumulation in the root, inhibit the Na* transportation to the scion, and
improve the salt tolerance of pear varieties. In order to reveal the molecular mechanism of salt tolerance
and provide experimental basis for the further research, we researched the Na'/H" antiporter protein in P.
betulaefolia. One PONHX 1 gene was cloned from this species and its sequence characteristics and expres-
sion characteristics were analyzed. [Methods] The sodium/hydrogen exchanger 1- like gene (XM_
018651314.1) in PyrusXbretschneideri (Chinese white pear) was used as the electronic probe to search the
transcriptome database of P. betulaefolia NaCl-treated seedlings. Then, one transcript Pbr017120 was ob-
tained for designing gene—specific primers. Indeed, its cDNA and DNA sequences were isolated using
RT-PCR and PCR techniques. And the physical and chemical properties of PDONHX1 protein were ana-
lyzed by Protparam online software. The introns and exons of POINHX1 genes were analyzed using Gene
Structure Display Server. The signature motifs were analyzed by MEME software and the phylogenetic tree
was built by MEGA 6.0. The expression condition of POINHX1 under the abiotic stresses, such as 200
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mmol - "' NaCl, 10% (¢) PEG6000 and 100 wmol - "' ABA, were analyzed by quantitative PCR (qRT-
PCR). Finally, yeast complementary experiments with a salt sensitive yeast mutant AXT3 were performed
to verify the functions of PONHX1 gene. After solid and liquid cultivation, the growth status of transgenic
yeast was detected. Their total Na® and K" contents were also tested by a flame—graphite furnace atomic
absorption spectrometer. [Results] The cDNAs of PbNHX1 was 1 704 bp, and its DNA was 3 594 bp,
which included 13 exons and 12 introns. This gene encoded a protein containing 567 amino acids, its rela-
tive molecular weight and isoelectric point (pl) was 62.179 ku and 5.55, respectively. Moreover, the PbN-
HX1 elements consisted of Csg61Ha 437 NeewOsosS21. The phylogenetic tree showed that PONHX 1 was located in
the branch of vacuolar Na’/H" antiporter, which was far from the plasma membrane Na'/H" antiporter gene
of Arabidopsis AtNHX7 or rice OsINHXS8, and was closely related to poplar vacuolar Na'/H" antiporter gene
PtNHX 1.3 or Arabidopsis AtNHX2. The expression level of the PONHX 1 was higher in the leaves than that
in its roots under normal growth conditions. After treatment with 200 mmol - "' NaCl, PbNHX1 transcrip-
tional level obviously increased both in the roots and in the leaves. For example, PbNHX1 expression level
increased firstly and then decreased in the roots once the seedlings were treated with salt. Its expression
peak appeared at 6 h. At that time, the amount of PbNHX1 transcription was 2.4 times higher than that of
the control. Then, its expression level began to decrease closely to the original level at 24 h. On the one
hand, the expression level of PbNHX1 kept on rising in the leaves after the treatment of salt. In the case of
10% PEG6000, PbNHX1 expression level increased firstly and then decreased in the roots. Its expression
peak appeared at 3 h, which was 1.2 times higher than that of the control. After that time, its expression
level turned to fall down and recovered closely to the original level at 24 h. In the leaves, the expression
level of PbNHX1 continued to rise when the salt existed and it was 22.6 times higher than that of the con-
trol at 24 h. After 100 wmol - L' ABA treatment, PbNHX 1 expression level increased firstly and then de-
creased in the roots. Its expression peak appeared at 6 h, which was 1.6 times higher than that of the con-
trol. Then its transcription declined closely to the original level at 24 h. In the leaves, the expression level
of PBNHX1 increased during the treatment period, which was 8.0 times higher than that of the control at
24 h. These results indicated that PbNHX 1 was regulated significantly in the leaves under different abiot-
ic stress. The results of YPD solid culture showed that transform of PbNHX1 could recover the growth inhi-
bition of NaCl, KCI and hygromycin B to the nhx! mutant yeast strain AXT3 when the cells were treated
with 20 mg+ " hygromycin B, 20-50 mmol + "' NaCl or 0.5-1.00 mol - "' KCl. Meanwhile, the results of
liquid culture showed that transform of PONHX reduced the growth inhibition of the mutant strain AXT3
to NaCl and KCI when the cells were treated with 50—100 mmol « "' NaCl or 0.5-1.0 mol - "' KCI. Fur-
thermore, the contents of Na™ and K significantly increased in PbNHX1 transgenic yeast cells compared
with the mutant strain without this gene when 20 mmol - "' NaCl presence. [ Conclusion ] Our results have
showed that PANHX1 gene belong to the NHX gene family of P. betulaefoli, which has the inherent charac-
teristics of plant NHXs family. This gene response to NaCl, osmotic and ABA stresses. Transfer of the Pb/N-
HX1 gene can increase the salt tolerance of the nhxl mutant yeast strain AXT3 and partly recover its ion
transport capacity and facilitate the accumulation of the Na®™ and K" ions.

Key words: Pyrus betulaefolia; PANHX1 gene; Sequence characteristics; Expression feature; Yeast com-
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T n B T, BRI E A IR 2 ok
JHE NHX T [R) U5 PR 1) i e RN BB AS KA 2,
M Fb B R 3 i L NHX T JE R fff b e 36
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001, 77 4EARE 72 3 MS+6-BA 0.2 mg- L™ FlAE
BiFRIE 12MS+IBA 0.5 mg- L"), A K—S CH
B NEMRREFREL 30 d 5, R VR AR SRR, A
Hoagland & F2 K , 55 7R i R TN AR A A 48R, B 3
d PR SR, B SR IR (25+0.5)°C, Y HR JE1 3 14 b/
10 hOERE/BART ) . 7K 5590 d J5 7 A 5 200 mmol - L
NaCl.10% (¢, J5 7] )PEG6000 B 100 pmol - L™ it J5 B2
(ABA) [ Hoagland 72 , #4178k (3BE WA A1 ABA
AEER I FAEFRSG 0.1.3.6.9.12.24 h SRR AIAR
DI YEEEAE
1.2 FHi&
1.2.1  PbNHXs KB 645 & 259 547 LIPEE
L (Pyrus bretschneideri ) %5 R 40 B4 2 A 1) Sodium/
hydrogen exchanger 1-like FE£[K (XM_018651314.1)1E
LT 1 AR B ER o A SR A B Y, AR A
B SR PhrO1 7120 VE M e 561 iR 55 1 (3%
1), 948 PENHXT H:H . FREL 200 mmol - L™ NaCl 4b

®1 #3 PoNHXI HEFAS Y
Table 1 Primers used for the analysis of PANHX1 from Pyrus betulaefolia

EIE B 519751 g
Primer name Primer sequences Usage
PbNHXI F: 5’ ~ATGGCAGTTCTTGAAGCCATACAG-3’ FLHTERE

R: 5’ -TCAAGAAGTATGTTCAGGATGTTCAG-3’ Gene cloning
PbNHX1 F: 5’ ~AGATTCCTCATTTCTCAGCACCA-3’ ZE i PCR

R: 5’-CCAGCAACCAAACCCAAGA-3’ Fluorogenic quantitative PCR
PbEF-1a F: 5’ ~GCGTGGGTATGTTGCTTCC-3’ G i PCR

R: 5"-GACAGCAATGTGGGAGGTGT-3’ Fluorogenic quantitative PCR
PbNHX1 F: 5" ~CGGGATCCATGGCAGTTCTTGAAGCCATACAGT-3’ [N Suy N e

R:5’-CGGAATTCTCAAGAAGTATGTTCAGGATGTTCAGTATG-3’

Yeast expression vector construction

TE N RIS R BRI P DTRG0 5

Note: Restriction endonuclease sites were marked with underlines.
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P24 h 5 AR BLL R AR AT 0.3 o, 1A RNA $2HGK
571 £ (TaKaRa MiniBEST Plant RNA Extraction Kit,
TaKaRa) $£ S RNA, #1473 IRAEW ¥ EEZ , &
¢DNA % 1 4% (PrimeScript™ 1st Strand ¢cDNA Synthe-
sis Kit, TaKaRa) , Jf # 17 RT- PCR ¥ 3 (Prime-
STAR® Max DNA Polymerase , TaKaRa) . [R]H, £ HC
FBLAE B 5 DNA (TaKaRa MiniBEST Plant Genomic
DNA Extraction Kit, TaKaRa) H T4~ PbNHX 1 ()%
A F5 . A3 38 ™ 1) o 2 804K pMD™ 19-T
S N 777 2 Rl 5 o

Protparam %4 (http://www.expasy.org/tools/prot-
param.html) 53 #1 PONHX1 g it 85 5 BRAL P 5T, 75 26
LR 454 i R 4 (http://gsds.cbi.pku.edu.cn/index.
php) 73 AT PONHX1 N & Fl4h i+ 19 20 1, MEME
;A ( http://meme— suite.org/tools/meme ) - & W& ¥l
JEEAY NHX FRAE LT o AL ClustalW XF 48R 57 . 7%
i AR FEEL KA EOKRIY 37 4 NHX & LR )75
AT Z 5 X, Il MEGA 6.0 (http:/megasoftware.
net) "2 7 2K H 4B 4% 15 (neighbor—joining, NJ) 4= A
NHX1 HE K 1) R Ge kLR, 22 5 240 Bootstrap H &
1000k (/2 KES ARG R FHEEMIEL) .
1.2.2  PbNHXI % ik ¥ XA % FIH SYBR Premix
Ex Tag 1117 A (TaKaRa, RR820) £ TaKaRa TP800
RIS R B PCRAX _E3EAT qQRT-PCR Y1 , 434
PbNHXT /) & 3555 5 0 25 pl SR AR & 2 12,5 plL
SYBR Premix Ex Tag 11,1 pL 10 pmol - L' 54,2 uL
cDNA M AN 8.5 wL ddH.0, PCR JZ Wi F£)F: 95 °C7E
P£30 5,95 °C 5 s 160 °C 30 s,40 MEH ., 25
JE & PCR LA POEF-1a g NS FE A, ANl eDNA iy ]
PEXT AR SR 2 YA L R ek i
123 BHzAME AW Hind 1R Sal 1 E§Y)
SRR 51 W (3 D HEFT PCR Y™ 13845 PONHX T
FEPR R AR it X, 14 3 2 B R 4004 P426 (Ad-
dgene, Cambridge, USA) I, £ B UT) 95 1k F10 75
NG, BHE R 8% Ay 4% 8 P426-PONHX 1, K FA SR
BN PA26-PONHX 1 FN7%8 214K P426 73 il 5 AL 3| 46
R E BE 28 A8 AR AXT3 ( A enal—4::HIS3, A nhal:
LEU2, A nhxl=TRPT) H™, B AR 5058 V% 42 Fh 21
YPD AR K 55 55, 30 CCHE 3% 2 0D 4 0.5 B, HL 10
pL T W55 A 20,2050 mmol - L' NaCl 5 0.5.1.0
mol - L™ KCI ) 100 mL YPD JAKR; F2 337557 12 h
I 7E ODaoo 5 B 100w L T8 W 43 51 i B 1,10, 100 Fil

1 000 % , M5 L A5 35 0.20.50 mmol - L™ NaCl
5% 0.5.1.0 mol - L' KC1 1 YPD [EI{AR: 77588 20 mg- L'
A K B SD ura B #7 5 11,30 CH- 323 d. A H
Tanon—3500 £ FHER MU R G0 (il RBERHE A IR
ONFD) XA A KR AT,

124 Na'#= K" #5 @ 5&  AXT3, AXT3P426 Al
AXT3PbNHX1 FY BB v 420 2] YPD WA K 7 3k
30 CHEFEZE ODe N 0.5 1, B 10 L I A5 20
mmol - L' NaCl 3% 100 mL YPD &4 1% 7 3t o+ 1% 1% 75
12 ho 3000 g &> 10 min W8 B RE I, 76 T2 5
19 10 mmol - L' MgCl,,10 mmol - L' CaCL 11 mmol - L'
HEPES 2% thilg H B PEV& 31k A 0.4% () HCI
et 240 e A 4 AT 1 L PR S -, 95 SC RV 20 min®™ T
B 4 M6 05, KO A B8 TR R O 54X
(ZEEnit®700P, Jena, Munich, Germany ) ] i€ I~ 7 #&
HR Na FI K& & o I FH AR VE & A L Merck 2 A
(Germany) .

125 %itaw54ER A REH% 3R AEYE
52,8085 R F SPSS 13.0 XS K (P < 0.05) iF
17255 W B VERE G, H SigmaPlot 10.07EK

2SR5

2.1 PbNHXIEEHHE

FEIL 200 mmol - L' NaCl kb3 24 hJ5 iYFEFLL
SVRNA, & B cDNA 58 1855 , 47 RT-PCR ¥ 4% , [F]
Bf L DNA S #itl , 4% PONHX T FEH i X, 3
AT 55T, 2 e BN P A& 30 PbNHX 1 1) ¢cDNA Fl
DNA J¥ 51 K J 3 51 K 1 704 F13 594 bp, PbNHXI
DNA J¥ 31 i 13 N FR B F 124N & F 4L, 540
FAJT ALNHX T AN B F RN & FECE AR (B 1) .
2.2 PbNHXIERFEMEMEERZNT

H Protparam 7F 28 4 (http://www.expasy.org/
tools/protparam.html ) 73 1 PbNHX 1 % i 25 1 1) B4k
PESTE, T 45 S 2 B PENHX T 4t 14> 567 448 ik
PR A& 1, A 43 F i R 62.179 ku, S HL AT (p) A
5.55, TCE AL NH Cose1Ha 137 NeswOs0sS2 o MEME X {443
B & B, PENHX 1 Fit it 86 1A Na'/H 3 [0 %18 2
() 3 I SR HRE T (84~125.169~197 ,283~325 fii 4,
SR ) 5 I AT ELAZ AW Na'/H 336 [i) 328 26 1140 i 571)
ML IR 19 45 4 07 25 (LFFTYLLPPL) (8 2) . F1JH]
H A FEFEY 0 37 4 Na'/H Wi (a5 ia 6 AR R 50
BB, IR AR BL PONHX 1 HDH S5 Na'/H
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AINHX1
165 120 99 57 51 192 48 66 102

[HI—HHH HHHE-

72 421 111 87 92 5366 86 81

240 63 87

HHE

91 81 81

324

PbNHX1
177 119 98 60 47 196 46 67 102 101 206 83

EHHHHHHHHH

136 194 170 10279 102102 321 152 159 83 392
1 ¢em=200 bp
MR RIAE T3 B T RERN B L IR U M IR H
The boxes represent exons, straight lines indicate introns and numbers mean nucleotide number, respectively.
1 #IEFF AINHXI F0#E 5 PENHXI KB E 454
Fig. 1 The gene structures of AtNHX1 from Arabidopsis thaliana and PDNHX1 from P. Betulaefolia
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Motif 1 84 aa - 125 aa

OLFFLLL ) FNAGRQyikHQRFRNF T [k Fuay(TL ]S

1234567 89 1011121314 151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3536 37 38 39 40 41 42
PbNHX1 DJ PIIFNAGFQVKKKQFFKNFTTILLFGIVGTVIS

Motif 2 169 aa - 197 aa
4
3
2

10Tl VSLVELESVUNDATRYVLFY

1

1 23 456 7 8910 11121314151617181920212223242526272829
PbNHX1 LNQDETPFLYSVVFGEGVVNDATSIVLFN
Motif 3 283 aa - 325 aa

CoLWNS. | T W TEsORYTTK obATOELAETELFL VM)

1 23456 7 8 9101112131415161718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
PbNHX1 CGIVMSHYTWHNVTESSRVTTKHAFATLSFIAETFIFLYVGMD

2 MEME 3#4 M BikiaEE NHX1 R EEF
Fig. 2 Specific motif of vacuolar type PbONHX1 generated using MEME
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ARG, 5 PINHX 1.3 5E 4 K Z 50l 5 5 B Na*/
H" 33 [n) % 32 2 1 356 [N A 480 pg I ALNHX 7 7K 8 OsN-
HXSEWEG KRBT (K3), kg LRk, 24
A3 B BREEL PONHX 1 52K & T NHXs Z5 R 5L, St
T JERY Na'/H 35 [ 5855 A .
2.3 PbNHXIEERREHS

IEHFARKAEOUT , 26 AR AL AR A 8 mT RG] 5
PbNHX1 3K g 238 (&l 4) o Jiti i 200 mmol « 17!
NaCl )5 , AR A Ff POVHX 1 3[R 6 15 10 44 i 25 16,
Pk AN S 6 h i IR B (A A X R
1 2.445%) , Z G R IR TR, 2 24 h Kb E 4

i Uf K S5 o R R B RS B TE . il 10%
PEG6000 Ji7 , AR FIH- v PONHX 1 5 [F 26 3k B 1) i 2%
BN, AR R F A TR AEAL BR S 3 h B IR B (R A Ak
FEXT IR 1.24%) , ZJe R B N, 224 h 3Rk
AT AL AR KT R Rk R SR B itifin 100
pmol - L™ ABA J& , #RFN I v PENHX 1 K& [H 2 1k 7K
BN, MR R 2R R FEAL R 6 h ik B (R AR AL R
XTHRIY 1.64%) , Z JG ik B IT UG TR, 22 24 h B2l
GV QO R R Sy e 24l i W7 S 08 2 W N G | Y2
YO R PONHX 1 35K S ZAEM b 7 s
2.4 PbNHXIINBESHT
Pz MR 45 (1 S) o, 76 YPD [ iR R
IR HE b (X B | By AR 7R B B AR W303 ., 28 A8 B
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Fig. 3 Phylogenic analysis of NHXs genes from different plant species
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20 mmol - L' NaCl 50 mmol - L' NaCl
1 10" 107 107 1 10" 10”107
W303
AXT3
AXT3P426
AXT3PbNHX1
0.50 mol - L' KCl
1 10" 107 107
W303
AXT3
AXT3P426
AXT3PbNHX1

1,107,107, 107 735 FOR A 1.10,100 F1 1000 1.
1,107,107 and 107 showed bacteria solution diluted 1-,10-,100- and 1 000—fold, respectively.

B S5

B RS E E S FRE R E R

Fig. 5 The growth situation of different yeast strains in solid medium

AXT3 5% A28 JHoki P426 [ 2 A8 R B Bk AXT3P426 Al
5 N PENHX 1 FE [H 11 28 A8 (R TR Ak AXT3PHNHX 1 #77]
IEWIERK . #E7% A 20 mg- L™ hygromycin B 1 YPD
Brgedt b, S AR, PENHX T ) F63k B354R8 T
AXT3PbNHX1 %} hygromycin B BTt 52 ¥k . 16 & F
20 mmol - L' NaCl 8% 50 mmol - L' NaCl 1Y) YPD 353735t
b W303 A IEH 5 TR A AXT3 #2281 Na'#%
EINRE , AXT3 1 AXT3P426 (1) 4= K B 552 340 441 5
I PONHX 1 R PR %% A, Al DU RE AXT3 7585 37 5
B AERASEIRE . 54 0.5 mol - L' KCI EY 1.00
mol + L' KCI ) YPD #5373 I, & B} bk A K 5
NN NaCl 15 5L —20 (B 5) . PENHX 1 ¥ AL BRI
A LATRANBERE nha ] THEER S , 2B PONHX 1 A S
Na K45,

WM FREE R (R 2) R FEIE W A KGO T
(YPD 555 55) 4P RIMR A K TR E 25 A
50,75 8% 100 mmol - L' NaCl )& , W303 1Y) ODew fE £ 1L
BN, E BB A K ILFE R Z 5 W 5 AXT3
AXT3P426 11 ODeoo {ELBE & NaCl ¥ J 11 358 Jin it . 2
R 2 2 () JC 25 5, U6 NaCl i A i 28
AR BA R 19 26 R AZ BHL, 28 JEOREL PR e AAS 52 1) TR A %
NaCl i BB ; AXT3PHNHX 1 1 ODgoo [H 32 A2 050708,
1B R R B AN, U W PONHX T (%56 A 0] i 52 1 R
PRIRR AR IR AXTI FEER I 25 F A K . X5

x2 BEERESRREEFRERHERRLI
Table 2 The growth situation of different

yeast strains in liquid medium

WL AR Yeast strain

Higrde

AXT3P-
bNHX1

Medium w303 AXT3 AXT3P426

YPD 1.84+0.25a 1.72£0.15a
50mmol-L"'NaCl 1.83+0.22a 1.09+0.11b
75mmol-L"'NaCl 1.80+0.31a 0.89+0.10c
100 mmol - L' NaCl 1.79+0.18 a 0.65+0.08 ¢
0.50mmol - L' KCI 1.83+0.26a 1.23+0.13b
0.75 mmol - L' KCI 1.80+0.33a 1.05+0.09b
1.50 mmol - L' KCI 1.76+0.18a 0.63+0.07 ¢

1.72+0.18 a
1.13+0.13b
0.81+0.07 ¢
0.62+0.05¢
1.33+0.15b
1.06+0.09 b
0.61+0.06 ¢

1.80+0.19a
1.66+0.17a
1.53+0.16b
1.43+0.15b
1.60+0.17 ab
1.05+0.11b
1.43+0.14b

REEFREERILES) . A 0.5.0.75 1.0 mol - L™
KCIJ5 , 4 M pa ki A G DL 5 NaCl A BEACAH ],
B PONHXT 1) % AUk 55 T KCI X 28 48 44 B #k
AXT3 AR
25 BEEKETFEE

FILH KN A 55 T W 1% A6 AXT3
AXT3P426 Lk N2 AXT3PbNHX1 A fit) Na* Al K* &5 & i7F
A (323) . IEFARNEOT (YPD ARG FR),3
FREEREA L Na™ % 20 W 3 25 5%, {H /& AXT3PbN-
HX1 H K5 i 5038 5 T AXT3 Fl AXT3P426, 754
120 mmol - 17! NaCl A YPD 55573 A K 12 h i, 3
R R 20 B Na" I K5 e 3 B g Bt Forf AXT3
o Na ™5 A R 3.1 4% K3 A 0 BRI 1,445
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Table 3 The contents of Na® and K" in different yeast strains

No AR Kot

[FARgLLN Na® content/(nmol - mg™) K" content/(nmol - mg™")

Yeaststrain S 20mmol-L" X 20 mmol - L"

Control ~ NaCl Control NaCl

AXT3 3329+ 102.33% 7533+ 106.55%
3.15a 10.23b 6.46b 10.12b

AXT3P426 32.86+x  101.54+ 73.52+  108.22+
3.07a 10.26b 5.55b 10.05b

AXT3PbNHX1 33.82+ 275.75+ 11523+ 188.23+
344a  23.12a 11.02a 15.03a

AXT3P426 H' Na' &5 2 k6 BRI 3.1 4%, K75 1 A 6 R
B9 1.5 4% . 1% PONHX 1 & DR 2R 40 8 i
% K, AXT3PbNHX1 Ff Na* &5 1 0 4 R A 8.2 1%, K
T N IR L6 A5, LRSS SRR, PENHXT 1T HR
D AXT3 XiF Na*Fll K 95532 BB , fE U Na Fl K 7E 54
FE R AR AR A P AL 22, ELXT Na BSR4 2 B A A
i

3 4F i

2 R HL FHRE 0 2B B RT-PCR J7 7k MFEBY
N EARAS T 1N RO Na/H 356 7] % 32 35 1 L
(PbNHX1) , 26 NCBIEUHE U X %2 38 PONHX 1 T Yt
T2 5 400 R TF TR AR AR Na/H 306 ] %32 26 1 AN -
HX 1 ELA AR 5 A TR R A, L2 2 3 R 45 R A A (Y
ST 55N FEE MR, RN, PONHXT 547 3
ANV RS NHX 1 25 R 3L 7 A ELAZ A ) Na'/
H 300 1) 5% 3 28 1 400 o) ) 2 SO R IOk 19 45 5 7 R
(LFFIYLLPPD"™™, AL 7, W o 7Y Na'/H”
Wi s 85 40 M 225, Class | A e N AE OO IR
Y, Class T2 A 7E N IREEIE - FESh ) AN
JEE 1 AEAE AR A TR R A 1, A8 AR AR A fE AL
PbNHX 1 3 [ 38 8 (07 T Class | 4332 1, #ig G4
MRZAE T REE S WAL Lo Wl Na'/H 35 0]
e ia B R PG TR i ek i AT H 4 URE R
PES IR ACNHX 2 AEAE AR T g3k s AH L, (1
TEMF R 2k AR/ | FLEAE P 25 v SEAAG I A
F] 5 1M ALNHX3 F1 AtNHX4 D AEAE TR Hp 352 )
HOJEEAY Na'/H 30 [0 5% 12 35 L B R B 1 S AE T 3 A
X, e ST Ra A 5, TR ant, 55 VuN-
HX1 T ZxNHX 1 3% [0 5% 18 85 R IA KO- .3
Tt X UL VuNHX 1 F1 ZeNHX 1 #5521 2155 H %Kik
EVRE 2 % IR BL PENHXT 1 5 5% KT %

PEG6000 Ab BT L, B 6 o] DA & A ]
AES SRR R | XA 5 23 o 5 S PR
PIIESE

NaCl Zb 5 , #:5L PENHX T 76 i) 2255 7K F
By, AR T A R B K RAG, iX Ui PONHX 1 5
(e 1k BT Al 20 Sk, AR AL PONHX L 356 1)
M EEAEM TP TIRE . AR IR AR AR
S v HEAS T 3] PONHX 1 LR B 3k, 3 Al DL
B FEBL PONHX 33 (0] 7% i 25 1 & T R Rk,
BT AtNHX 1 T3¢ BoNHX 1 45 % HINHX 1 W)@ T
N AI SR Eha R FR AL PONHX T 535 1€
Dgnhxl HHHL DmNHX1 35 HiH83% SsNHX 1 FlFH =it
TrNHX1 (33K K b T 328 A AR Fe ARk I 4 21
X — IS 5 Na B R DA C, R EA T et
DT 20 R Nat () FE i 5 E R . SR, A AL
PbNHX1 TEEL 38 i 7 n BARAE Oy XA /5 itk — 20
i LR IR S . ABA LB , PONHX 1 1 35 A
PR NaClAb RS (9 A AHARL, DAL HED PON-
HX1 35T RESZ ABA [ 5  Of T ABA iR 4% .
XAV B A RIE , WA GRNHX ] 36355 ABA By
SR, KRG OsNHX1 ,0sNHX2 . OsNHXS %5 A,
AT ABA®, i SeZE R ABA TEREY) X ERa
BT o7 1 2 7 R R FE ORI . IEAh, PEG
EHRJE  FEAL PENHX T 12638 7KFAE R B R
KABLERR A RIB KA/ o X U B AR AL
JiHh PONHX 1 30 [ 5328 2 11 00923485 TP 2 35 A UK
HAEMp e 5 Se b AT N ik . NHXT SER ()
e S KRR R PEG AL BT L FH (CA0SE S5 MANHX 1
MR ST AINHX 1), R B A TEA 0533 )
H A RIS AR

MG 1k R A7) N/ H i 38 25 1 A TR AR 25 1) A
IRe AL, (LB BT B8 - 1 2 1132 i e asURN
A PRI RE Y B AR R IS UEAE ) NHXs S: 8 g
PEAE T — A A AR O R, AN TR AR ok R
NHX T PR 0 2 58 T LAk 553 P B o 1 58 A8 A% 8 iy
0 PR s 2] kR R P NHX T Y A AT LA
{1 S AR A BB B bk AXT3 7E 45 20 mmol - L' NaCl 5§
50 mmol - L' NaCl i) YPD ¥s 3L PR Ew AR, B
FE T HSF NaCl KCl a6 (a0 | 3 5 i A AT
GEAE RIS 2 I NHX 1s 5 P9 %5 A RE
T3 TR b 58 AR (R B B B AR AXT3 ' NHXT DI RE .
1 5B ALNHX 1 1 SeNHX 1 5 A ATX3 58 A8 R i £



5521 X

B, S FEAL PONHX T I 1 vl 35k

AT B RERIE 145

o TE S NaCl 1y AP 3558 2 F KSR H TR AL
T BRI UE T NHXT FER AT D)4 = ek 16
BE 1M FEEIN 20 mmol - 7! NaCl 241, % PbN-
HXT HEP AXT3 40 0 b Na*F K& 1 i 388, 42
FAIT AtNHX 1 19 %% A TR AT A2 R 40 i v Na™ K
A, X Na & B2 HE/E U A BT 5, T AeN-
HX3 A K8 F 32 3% 1, JK #F OsNHX1 ., OsN-
HX2 . OsNHX3 Fl OsNHXS E. A5 %32 Na* F1 K* (1) 7%
PERY Bk LR B NHXs 52 1% B 7] 7 15 20— 1
Na*/K*, 3 a] [a] i} 5438 Na*/K* . £% F ik, #1454
PbNHX1 5 A NHX 1 FE Yy ReAA[R] , 763k a2
W ELA s PH I R YIRE
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