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Effects of auxin on tobacco root growth and potassium uptake
under low potassium stress
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Abstract: [ Objectives ] The aim of this study was to investigate the effects of auxin on the growth,
development and potassium uptake of plant roots under low potassium stress,to provide a theoretical basis for
increasing potassium levels in plants. [ Methods ] Using indoor hydroponic method, model plant tobacco was
used as the test material, and two potassium concentrations (5 mmol/L, 0.15 mmol/L) and five exogenous auxin
concentrations were set (exogenous auxin was selected from 3-indole acetic acid, the concentration was set as 0, 5,
10, 20, 40 pumol/L), the physiological characteristics of plant roots, endogenous auxin concentration, potassium

accumulation, potassium uptake kinetics and related potassium channel gene transcriptional expression were
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compared. [ Results ] 1) Compared with the normal potassium level, the dry weight of the aboveground part of
the plant decreased by 15.6% under low potassium stress, among the 8 indicators of root scan, except for the
average root diameter, the other 7 indicators were significantly lower, the activity of ATPase decreased by 43.3%;
the concentration of endogenous auxin in the main root tip, lateral root tip and leaf increased significantly, the
Vmax and Km values of the parameters were reduced by 89.2% and 99.6% respectively, plant root and leaf
potassium concentrations were reduced by 93.0% and 62.2% respectively, controlled potassium ion influx gene
NtKCI in roots was reduced by 56%. 2) After adding exogenous auxin, the root dry weight, root activity, main
root tip and lateral root tip endogenous auxin concentration of the normal potassium level plant increased. The
Jmax value and the expression of the relevant channel gene that regulated the influx of potassium ions were
significantly increased. Under low potassium conditions, the plants showed similar regularity to normal potassium
level. In addition, the root growth of low potassium plants was significantly improved. The ATPase activity and
the aboveground and root potassium concentration increased significantly, while the expression level of the
outflow-type potassium channel gene Nrorkl was significantly reduced. 3)When the concentration of auxin added
was 10 umol/L, compared with no auxin added, the dry weight of the aboveground part and root of the regular
potassium level plants increased by 6.05% and 8.54%; the root volume and root overlap increased by 16.5% and
23.2%; the root activity increased by 298%, and the /'max value increased by 118%. The dry weight of the
aboveground part and root of the low potassium level plant was increased by 5.61% and 28.6% compared with no
addition, and the root activity reached 113 pg/(g-h), FW, which was 3.3 times of that of no auxin. The root
ATPase activity was increased by 87.5%. Root potassium concentration increased by 250% and potassium
channel gene NKT?2 in roots increased by 7.04 times and the expression of Nforkl in roots and leaves was reduced
by 49.5% and 72.5%. [ Conclusions ] Low potassium stress affects plant root growth and plant uptake and
accumulation of potassium. Adding appropriate concentration of exogenous auxin can improve the growth and
development of plant roots, increase the expression of the influx potassium channel genes NK72 and NtKC1, and
reduce the expression of the outflow-type potassium channel gene Ntork. Moreover, the plant potassium kinetic
parameter F'max value is increased, which increases the absorption capacity and affinity of the plant for potassium
ions, thereby increasing the potassium content of the plant.

Key words: tobacco; root system; auxin; 3-indole acetic acid; low potassium stress; potassium absorption
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Green PCR Master Mix, 5 uL; 10 umol/L Forward
primer, 0.2 uL; 10umol/L Reverse primer, 0.2 pL;
c¢DNA, 1 uL; Nuclease-free H,O, 3.6 uL, PCR #£
J¥: 95C Smin; 95°C 10s, 60°C 30s, 40 PMEIHA.
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Table 1 Tobacco potassium channel related gene primer sequence

F AR GenBank 55 3141551 PCR j"*#] (bp)
Target gene GenBank accession No. Sequence of primers PCR product
NKT2 AB196789 5-GCTCAAGATCATTGCAGGTCAG-3' 201
5'-CTGAGATCCAAGTTTTGCATGTG-3'
NtKC1 AB196791 5'-CACTATTGTCATGGCGGATG-3' 131
5'-TCTTCGGTACATCCGTTTCTG-3'
Ntorkl AB196792 5'-AGTGAAACAACTTGAGAGTACCTC-3' 175
5-GAGAAGCATAAACTGCTACAGTGG-3'
TIN AB158612 5'-AACAGTTTGGTTGGAGTTCTGG-3’ 199
5'-CATGAAGATTAAAGGCGGAGTG-3'
O 5 mmol/L
= 1.25 r 3 0.15 mmol/L a g 25 ¢ 2 @
= a = '|'
& = b bec I d ab
=120 | - a 220ty 1 [0 TP e
= b _I_ = d s _I_ T
5 e b be B & u
S opas fbes be =15t
2
5 =
S 1.10 f g8 1.0
g 3
| os | & s |
il 1.05 T O
E 100 4o - - - -
0 5 10 20 40 = 0 5 10 20 40

HE K IR Auxin concentration (umol/L)

1 {5 5 mmol/L #1 0.15 mmol/L 7K F FINFEE K R IBREIR R K b EEFHRE
Fig.1 Root and aboveground dry matter weight of tobacco plant as affected by different exogenous auxin concentrations
under treatments of K 5 and 0.15 mmol/L

[7E (Note) : #F EARIFRARRAILETE P <0.05 KV 255 03

Different letters above the bars indicate significant difference among treatments at P < 0.05 level.]
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P, HHFEAERKZRWEN 10 pmol/L B A i K 1H,
Horph IS EAEA K ZRVREE R 10 pmol/L B 5 HAx
Ab ¥R 22 S 3k B i 2K F (P < 0.05),
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MREGL M, RV ERE . RBRE. Rk, R
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A5 TR 22 5 b Bl 25 D A K 280 3 1 34 n A5 FE B A
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AREVE, (REKPAE ATPase 1 PERE IS T 1EH
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JHPRAR 22 ATPase 1 3R Ik Je B IR 14 n fa S REAI
PR A S ARBER S5 PR R ATPase TG PERI G
B BEAR ) SRS, A KRV 10 pmol/L
IFIABNEE, AARMAERKRRAHIM 1.89 %, HS
B AR AL 3 ) 22 S 3k 3] i K F- (P < 0.05)

FE 2-¢ AT, BR T ANEAE R W E N 40 pmol/L

2 {8 5 mmol/L #1 0.15 mmol/L 7K F THMNFSE < F AL IR A IR EAE MR AR R I HHFE

Table 2 Root scanning characteristics of exogenous auxin treated tobacco plants under treatments of K 5 and 0.15 mmol/L

H KRR Auxin concentration (umol/L)

ARS8V B/ (mmol/L)
Root index K level 0 5 10 20 40
BVRBE Length 5 930+353b 993+ 17.4a 864+21.2¢ 775+22.4d 732+9.84d
0.15 3924408 f 416+389f 51049.99 ¢ 470+435¢ 384+ 144f
£ Volume 5 1.09+0.09 ¢ 1.08+0.09 c 1.27+0.09b 1.15£0.05bc  1.13+0.25bc
0.15 0.45+0.04 d 0.37+0.03 d 0.40 +0.03 d 0.49 +0.04 d 0.42+0.02d
I Surface area 5 116+10.52 116+4.52a 114+8.51a 120+2.88 2 117+7.82a
0.15 471+433bc  534+4.50b 493+368bc  53.6+4.11b 429+335¢
B2 I Projection area 5 36.9+333b 36.8+1.44b 363+271b 33.6+244b 46.9+333a
0.15 150+ 1.38 ¢ 1714177 ¢ 16.0£0.76 ¢ 1714131 ¢ 13.7+1.07 ¢
F-¥ i #% Diameter 5 040+003cd  037+0.02cd  043+0.03b 040+£0.03bc  0.63+0.05a
0.15 038+001bed 034+003de  031+001e 036+0.02cde  0.37+0.01 cde
HRISEL Root tip number 5 1930£93.7b 1215+ 109 ¢ 884 +73.9d 880+ 14.7 d 1195+£40.7 ¢
0.15 440+388¢ 826+543d 828 +81.4d 706 +21.7d 709 +25.2 d
4+ X4 Bifurcation number 5 5533+307b 4732+ 191 ¢ 5678 +377b 4939+ 180 ¢ 8353+ 548 a
0.15 1560 = 69.8 2114+ 147 ¢ 1831+833ef 2104+ 123¢ 1621 = 66.5
ZL& K Overlap number 5 891+25.5¢ 1433+ 117 a 1103+ 724 b 950 £26.1 ¢ 790 £61.5d
0.15 398+ 17.7¢ 302+ 124f 446+236¢ 431+20.1¢ 285+285¢f

# (Note) . [RIATEIEE AN EFEERRA A KRR ERIZE P < 0.05 KFE2£ 57 B3 Values followed by different letters in a row indicate
significant difference among different auxin concentrations at P < 0.05 level.
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HE K FKIKE Auxin concentration (umol/L)
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Fig. 2 Physiological characteristics of roots of exogenous auxin treated tobacco plants under treatments
of K 5 and 0.15 mmol/L

[ (Note) : £ EARRFEHURAIETE P <0.05 KV-22 5 B#H

Different letters above the lines indicate significant difference among treatments at P < 0.05 level.]
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IR F) B K (P < 0.05).

2.14 FERRSEBONIAE R R REE W&l 3-a
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&4 20 pmol/L 4b, Hifth 4 S AMNEA K R Mk 514
T, AR AR S P IR A VR B Y TR AR

Ko T I M R R ST, BEE SN AR
KRB RGN, RIS PR KRR B Rk 5 1
it HIGTEAMEA K R U EE S 40 pmol/L
KB KAE 28.39 F120.57 ng/g, FW.,

B 3-b AT, FEMIARIRNIEARK R d, BRI
e A AMRAE KR RS, RER KM AR 9 9 2R 1
R TR R ALK . Jois R AR SRR
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B, Horh AR KR W E S 0~20 pmol/L
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AR ER R T i 3k B R K AE LS A AL ) 2
SR W E K (P <0.05),

H Il 3-c AT, FERE T NEA KR T, REKE

O 5 mmol/L a -
g 30 r(a) @ 0.15 mmol/L s 80 1 (v £ 0@ a
@ & s & b I
- P! a =
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D3 o e Pl 25560 bf| =28
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=3 25220 4
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H 0 2 0 s T8 0 s s s
0 5 10 20 40 0 5 10 20 40 0 5 10 20 40

KK Auxin concentration (umol/L)

3 {#$# 5 mmol/L 1 0.15 mmol/L 7K RINEE K R BEM S FAAREKRKRE

Fig. 3 Endogenous auxin concentration in various parts of exogenous auxin-treated tobacco plants under treatments
of K 5 and 0.15 mmol/L

[7E (Note) : #F EARIFRARRAILETE P <0.05 KV 255 03

Different letters above the bars indicate significant difference among treatments at P < 0.05 level.]



74

I, A ARETPREF AN R FO R AR AR A R AT ) R

1179

T PR A A ER R AR v T OE R LR KR
IEF PRS-, BEE MR A K ZWE R, o
PR AR R 2R VR B R I S AT 1 n SRR A R A 5
RHKE T, FEAMEAE KR WA 0~10 umol/L H,
MR A R RN, AR RWES
10 umol/L B Ak, & 35.88 ng/g, FW, ZJGkE#E sh
VAR ZWER TS, R AR ZWRETF G TR
2.2 AEFHKFETEKEIE R AR R
A

2.2.1 MERRAS 40 R e i H % 3 AT, K
- AR R R DL HAE 3 N R IR R A
LR R IR E A DR, X R 0 TTERR S A

F T 83.9%. 3.50%. 12.5%, B4 7K Xk 4%
BB AR R B A S E T, R BAE,

Ja A KR,

WE 4 s, o R 2, B
BEEP ST HAN R MR B34 2 5 TP (P < 0.05),
TEMR R, BEARKRWE A, 5 AL
AR RIS N &R

PRE VR B R I S N 5 BEAR e A, R AEAE K
FUREH 10 pmol/L W IAFIH KA 14.21 mg/g H 5 H:
b ih 3 2% Sk B E K- AR, IEE LA %
PR, YK RWE N 0~10 pmol/L i, AR
FEAREA K, AR ZIWRIE N 10~20 pmol/L i}, H
PRV RRAL, 2R REE AR KR E RN,
PR 2 T MRS AR R Fr S0 3R ok
RGNS T = NSRRIk, HhfEAK
FUeSEN 10 pmol/L A F|IE(H 38.7 mg/g.

222 AR SFR 2R R
Wegh 11228 Vmax Fl Km oK 58 R0 2R P4
fiE, Vmax FoRAEPI0T IS B BRI A, HYE
MK, FORBLRXTE T I W ICRE TR Km R
ANAE R B S AR A ), HEOR, SRAU AR,
TED S 250 B0 L R B W Sl -, i — 2D S8 T4
PRAR R ER R M 8 J1 2 580 R R (R 4),
TE# HEHR KSR AR 2R 30 71 24 S 80UE B s TR
Ko BEE AR ZIWREN TR, IE R SRR 5%
PRI AR Vmax ¥R ST G LR s, Hip

R 3 HKEMERFRESERS BLURRKESWA S E D
Table 3 Variance analysis of potassium level and auxin concentration on potassium concentration in various parts of plants
7 SRR J Rl ¥J5 F{& r r TIRRA (%)
Variation source 4 Sum of squares Mean square F value o o Contribution rate
H7KF- K level (K) 1 7791.84 7791.84 7286.32 441 8.29 83.92
AR ZURIE Auxin concentration (A) 4 325.20 81.30 76.02 2.93 4.58 3.50
KxA 4 1163.90 290.97 272.10 2.93 4.58 12.54
%2 Error 18 19.25 1.07
K55 Total 29 9304.24
7E (Note) : BB (%) =SS X 100%/(SS;, — SS;;) Contribution rate (%) = SS; X 100%/(SS; — SSy).
o a —e— 5 mmol/L _
60 --o- 0.15 mmol/L 100 a
g 50 g 8 I
= 3 g
o2 SE 80
D8 40 23
E £ £ ¢
Qo Q
f £ 30| B E 60 b
£% EZ
-] -
N S R g d
s P f f T & 40 d e de de
g0t g T A . 5 -t §oomooeee s
~ b s
0 20
0 5 10 20 40 0 5 10 20 40

K F IR Auxin concentration (umol/L)

4 {58 5 mmol/L F 0.15 mmol/L 7K THNRAE K RALIBEMRAR R A #IRE

Fig. 4 Potassium concentration in various parts of plants treated with exogenous auxin under treatments of K 5 and 0.15 mmol/L

[7£ (Note) :

24 EARRIFRHMCRAL B AE P < 0.05 K2R BE

Different letters above the lines indicate significant difference among treatments at P < 0.05 level.]
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Table 4 Difference of kinetics of potassium absorption
in plant root

K- AERRUE " K
Klevel  Auxin concentration max m
(mmol/L) (umol/L) [umol/(g-h), FW)]  (umol/L)
5 0 19.88 ¢ 0.0055 a
5 4499 a 0.0049 b
10 4342 a 0.0049 b
20 28.26 b 0.0049 b
40 17.14 ¢ 0.0044 ¢
0.15 0 2.15¢ 2.23x105 a
5 3.18b 1.21x103d
10 4.18 a 1.08x10°5d
20 2.77 be 1.46x107 ¢
40 2.39¢ 1.92x10° b

I (Note) = [5]ZEH 5 AN [ 7 EF 7 AR R B0 KA ] A2 1 3R ik
FEBIFEP < 0.05 /KF-22 55 8 3% Values followed by different letters in
a column indicate significant difference among different auxin

concentrations at P < 0.05 level.

1E A A KRN 5 umol/L I A RNIE(E, N
AREIARK ZAL A 2.26 £, REEARKZRE N
10 pmol/L Bk BWEAR , AT A K K AL FL
1.94 5, H2ZE5R3 8 EKF (P<0.05); KmfEIE
AL I R RS AR S, ZEARE B R B
FEARSE T a5, AEA K ZFWRAES 10 pmol/L i 3k
FF/IME
2.2.3 AFARAAR AR DA S 3 3 i PR 3R A
M 5-a, b AT, NKT2 JEDRERIRRAR 28 P il 5k it
BIRS TR, HAREKE S NKT2 B 3Rk &
3k 5 OEE LK, A AE KR WRE RS,
HRE RN R NK T2 1 3 1 A S 2 38 i
JEREARR R, FEAR R, IEH O RC AR & 1
T, NKT2 B PR KEIIEIMEAE KRN 10
umol/L R BNIEAE , Hrp i IREP S5 T NKT2
DA A 22 38 AN TARBR CI I AE R R 3 In T 6.83
f, WEETHAALIE, oA, R A
F NKT2 5 R 1 Rk A K R WE N 10 pmol/L i
KB RAE ;AR A FAEA K R 5 pmol/L
IHABIERME, H2E S THRSLHE (P<0.05),
MIE 5-c, d AT, Bl A K ZWRBE R, RAR
FI 7 NeKC1 SR R 33k B 3 AR R B e 3 5
FRARI S, FER R, I UK T & 402
NtKC1 HE D R8s T AR B K S5 AXT T

IEF B TCT AR K AR T, A KO T 44 BT %
SRR E PG, EH MR, NMKCT 3
R Rk e A K R R E S 20 pmol/L ik 3 K
{H; RSP FAEAERRWREE R 10 pmol/L i HAA %
o EM T, IERMEEAMHT, EAERKRZIKRER
10 pmol/L i NeKC1 B[R Hy 3Rk 5 5 LR A= R it
KA, A KW E N 20 umol/L i} NtKC1 FE[H
Tk AU, MKCI RikEEAKER
W R 10 pmol/L B ik B e K fH

Ntorkl J& THM i B4 B Tl iE 5L . AL 5-e,
fAlA, TCI R RIS, IEH K T &4k
B Ntorkl PR 1) 2 35 ik 35 85 AR BR 7K F- 45 46 1z 4k
H o HAHX T IE R A C I e K AL, (R K
R HEAR Neork I35 R R BIRRAIL; BEEAKR
WL TR, RARFI R Neorkl FER K55
R EBCRRAUG M %, B IGIRIE# (4 o
B, ZIEH W F R R AR R 10 pmol/L
s 35 2 e (IR IR s 22 SR 31 i 2 1 (P < 0.05).

3 e

3.1 SNEEKZEXNARFHKETHEEKIRAREKK
EMAFEE KRR ERNZ M

MR SR A R BT IR TR ) B AL, B
GERW, AR TP KT 1 v 0 ik 2 52 e MR AR AR 3R A
i EEA K AT MY R EM . fEIEE AR T
HAN T Y B T KCE, UL e
T AR R, AR TIRANASE .,
XSGR HEAEC 2 I T 25 R — 2, b oy AEr L AR
eeAFes | XIS eIt sE R A, FT TS i 1 St Ae
P HE AU R BRAE R 2 AT S o - B 2R
U, X G5ARKE A [F LR ZKCE T 3R s IR A K
RUCGE MR A KRB 25 A — B tesh, Al
R, TEIE R AR 5T, HEmasb A
KW 10 pmol/L i, AT B I 3 &5 MR ARAR R S
AT, SCE R R TR, XUl B
AR RN A KR Bt rT A AR AR R A
5 LAHTARSE & BRAT TS i it A= 4 R AR — 30

FEYIAR R A ] B3P AR ) A8 itk
A3 R TR AR BR P A8 0 —F & AL . R A AE
T i S P AR PR PR BE I 2> R S s AR R A A, &
FEEMAR A% I JE . Dubrovsky 2529% 91 24 401 5
TFAS ZR A A A A A SR B AR, LR AR
H & AR AR AZ 26 . DFoR R, R ITAEAR
FA T, MARMAEK S A, X 5 R
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10 r(a) g 5 mmol/L
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Fig. 5 Relative expression levels of potassium channel genes in exogenous auxin-treated tobacco plants under treatments
of K 5 and 0.15 mmol/L

[ (Note) : H: LAFEIFHRARFALHERIZE P < 0.05 K225 03

Different letters above the bars indicate significant difference among treatments at P < 0.05 level.]

TR NEA R, RATEZRER
MBI AR KD, X 5 AR a2 1
THRAME TR —2, WinRHIZO M4k
W] TE 5 (LB K P 2% T4 A 5 (B S0 25 o TR A K P
AR, U R 30 A — R E L R TR AR B
K, AHTREAMERET . (HEHPEIFER
WL 20 pmol/L i, IEH HEET- SRS 1F T AHIRR
ARZR A T 98 b 5 AR AR T E R B A P S YOG
£, WO XS RE R TR AT, IR
TR RE e RE B A K 3R AT BE 23 5 MR AR PR P S A AL
i, DT X ARG B AR A 14 1 0 it R AR B 5 K R AT 3

W, SRR R PSR ARERAL, (TR R
HEHIRD X TR R AR LUE TAE R 3RAT]
T Bk SRR A B TR SR ) A, A (IR0 45 1
T, WA E W 10 pmol/L IR R K JE . 4
RBAR A B BOA PN, LISt — 2 W R
KERWE R Z IR i, ARTRAEMK, If
HEINARES L, 1 AR R AR BRI A

HRZR TG S RAEAR R AR AL, S R AR 2R %
B FRICE MUK EZEe bR, ARRTE @, 18
FEML R WCRE J7 bR, SRS AR LB 0 35 43
Kotk Zen, ARG HSUEN, ERRMmAERKR
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BF, I PR R AR 2R 05 D (B = AR A ik . AR
KT, I SR 2 B A K R TR AR R T
J1, AR RWRILEE ). R ATP BRI
SN 5T 55 F G Ay, 2 T R A AR AR AR R X R 5 4
AR, J& R R AR B 1Y) B AR AR, Ak
FEUOREFE R BT, R E SR T AT R AR BR AR R
ATP FRIEYE, AR T 7 BLs i, X551
W AR BRARE R, AR S5 R 5 H—80, EIRE 4
R, HRZE ATP BTG BT B K (P <
0.05), {HAE, FEWIRFIHE M IMEA K Z DG,
TR AR 2 ATP il (14 305 1 S i 140 R 1E 5 fE 4 /K
e, HAEAE K WS N 10 pmol/L I EHE P s, Ui
B AEAIR AR A5 1 P38 A 3 S AR AR AR K R ok kst
AR ATP BEAITETE, JE PR R R X0 i 5: 4
AL AR 2R ATV T 1 2 PR AR R R
PRSP 2R A SR IR AR R A PRI R A A . AR
RulEHEASEIORE, A FEEN
B R TR AL AR B, D5 AR ke 475 AT o
WOAR RS g b IR R R AR A AR K Rk
J£4 10 pmol/L B Rl AE A& sk 2l KAE., R4
FEMRAEAE K E WS N 5 pmol/L AR, H2E
SRR EKT . LA, AR I ) o
R AR A A R, BJGIe I A
SEARAE BT, AN N A B AR AR R TR
BRI —ENSEEEH.

Ma S5 CEHEA PR AR e T /K AE 3 s b b
B, 7833 MEWE A 22 > HERK MG
kA T 578k, DAL 3k Se 0 58 AR U B A A 4 o
AR R R E I E R I ZKOF 5 A Y 4
WAERKZN M, TEARRIFT R T ERRA N A K
FE R — A . A, ik
JEEMAR . MR SE T R, BIAS [k B2 AR
AR RE, ARERE R R A 2R A T AR
TEH AL S, BT 0 TR M R AR K
RN, RN AERK RN SRR, BSmshE
ARRDG, MREAE AR AR SRS P A K &R
WP AE AR A K U N 0~20 pmol/L JE AR 1k
AR MR WIERA KRR EAEIMNE AR R E N
10 pmol/L B iA B fe/ME, [R5 1E & L8 I s Ak
KRB FHFIKE, SEUIMRER S0 N im0 IR A
KRBT RN T 0k AR A, W —E
WEMINEARKRVG, £ —ERE LS Tk
FEMmEIER, kAR ER, X5 LR
— RN R EAR 5, IR BHEIKSE T AR A4

KZUJGE, BT R A R PR 3 DL
Hh, HARTALNIRAE R R W BE . B DATE IR
BEHRVIRER AN, 38 S AME A R AT R A
NERAI IR AE R R, (R AER AT

3.2 INEEKZEXNFAREFHKETEKRERAT R
i opA

PRI FHESF LRI I 05 S T ST R B, T TS A2 4
R 00 v R AR K R AL B S B S R R R R
i, HORTE Do 5600 T i AT, AE R R &R
PR RS AR M AHFE N SSie . PR A, IREP
ZAE RSN AE K RN 10 umol/L i, AR A ANt H
PR VR B IR B KA, U IMIRBH 458 T i i 3 Y
TN INAMIEAE K R T DA i AR R R A 0 A, TR
KR RIS & R 2R 0 R M . MiE IR R
HHAMAT, MmsMEARKZELE, REM A
A MR B R R R AR BE ARG, X mTRg 5 3L
WA KRR WA G, HYLHE TR — 2P0t
FIIT.

FHAR R sl 1 2B R — D B A
PRAR R X F52 50 RIS Bl o Vmax [EER, FoRFipk
XA 1 R AR SRR A, X B T I I A T
R, Km i/, FORXTEE TR R . 2R
Wl (3 4), IEEMAELT, EAKZWREH S pmol/L
BF, HABERY Vmax RIEK, @ik ERKRZEWERER O
umol/L I 1Y 2.26 i ; Km NI R I FFE AL E S,
XA e TR s, (IREP SN, MAEKER
WA 10 pmol/L I HHFE Vmax (B & K Km {H
N, RN BES WROSORT R R T B . BT
A, ORI B R AR AT i Y o
1A A 28R AR v RO B B T i T MR Ty, R
PR AR S i

[, AR HE— 2050 1 00 B A DG I B 2
WISUe 35 SRR NKT2 . NtKC1 . Ntorkl WiZRik1TE
. NKT2 FEMTS 5% K WER, EReiies
R R AN R R, 0 NKTT 35 R — 43 $H - Py 4
i K iBiE . A, TIeHRRE & F, U
I NKT2 B AHXS 32 18 8 3 A 5 1 1E 7 (LA 7K 7
To IEHBEEKTT, 7EAMNEA K ZWRE R 10 pmol/L
W, MR H R NKT2 (R Rk B R, Ui
TE MU T AR E S R R s R A
FIE), BRI T LTS R, SR AKCl
FEH F AR EX AR N EHRIL, EREN
B WOSGE B A A A, A, IR
BTG O T AEAMEAE K R RN 20 pmol/L B 45 #
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NtKCI (R XS Kb it dermy ,  MARETE B0 T ZESMIE AR
K ZUWRE N 10 pmol/L d5emy, Ui BHFE A [R] (145 /K 7
T, RTINS TR A AR K R Ok B iR B R IS -
Ntork] F&PH 32 BEAE M P T340 i FAR 2 iz A o 388 v
REAA 3Rk, JE TAMR A B T, Agrh
TCIeIE W AR 2 I, HR IR ETEAMEAE KR
WL 10 pmol/L AHRAIK, PRI T A 4 s+
WIA, BT LA AR IEF R 25 R 10 pmol/L
MG AR R AT A A BR B 1 Ah A, DA 4R AL
JEPRAR B0 B R

FEYIRT KB WIS 2o 5 2 AR GE[IRAP R KOk
(1~200 pmol/L), i ¥ %% iz 1 1 3 gl iz fan | A=
MARGE [R5/ K (1~10 mmol/L), i 41 1
A Y BB AT o AR T ST AR B B
RMARGE, P o b — A&
oo PVNECORRFE R, FEAME KR 5 mmol/L
BF, R EGE, Ky e i R R i R A R K
— A3 3 A AR B A R R R s RGOk 5E
B o HFSE & B, 4TRSS P 57 TEA A
AARINEIF] NEM J5, APATR 0T LASGR 48, 1
LI O Bt A SO A v 1 1 v B A A
X PR AR AR AT RE A AR R B 38 i (NSCCs) 2,
i BFAR PR T 5 5~ P IR AN B S B 2 260 7 P
BU, H BRI TR 2 8 B,
AN, TGRS TS A ST ok SE R, TR
I B S 38 1 I R B — e S A
BT L

4 555

D) FERBIMANEA KR ZMT, H5IEF bt
FRA LG, AR E AT B B I ARR R AE K K E X
YR 2R A R

2) B HAMNRAE KR UG, BESAKRKRER
T, IER A EROR A TE . WA
F1 . EARIS R AMIARLS P R AL K 2 B A B
o, HEPWR IS J1 % 28 Vmax {HF NKT2 Fl
NtKC1 Wikt B w3, L IR pRAR R A K
ARV R, b TR R IR ISR R, Nrorkl
(e Ik B A

3) KieIEH SRR EURARER, HumAbEAE KRR
WFE R 10 pmol/L I, AT B i MR RERAR R A4 K &
B, BN FALEE SN NKT2 F NeKC1 Ry 3Rk
i, FRACAMAAYEIE LN Neork] Wik, $2mH

PR S T IR RE ) SR AN T, AT AR AR
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