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Abstract: [Objective] In order to improve the efficiency of guided-pesticides screening and accelerate the
research and development of molecular design, synthesis and screening of guided-pesticides, a fluorescence

resonance energy transfer (FRET) probe based on Arabidopsis thaliana amino acid transporter AtLHT1 was
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constructed as guided-pesticide screening platform in this study. [Method] The sandwich molecular probe of
CFP-LHT1-YFP was constructed and expressed in prokaryotic cell of Escherichia coli BL21(DE3) and BY4741
yeast cell, respectively, then identified and purified. The change of FRET efficiency was detected with
fluorescence microplate reader and laser scanning confocal microscope. [Result] The CFP-AtLHT1-YFP
fusion protein probe was purified and mixed with the tested amino acids and glyphosate, respectively. The
addition of the tested amino acids and glyphosate resulted in significant changes in the FRET ratio of the probe
protein. Glyphosate treatment resulted in the D535 ,,/Dago nm increase of 7% to 12%. The similar tendency was
also observed in the treatments of positive ligands using glycine and glutamic acid, but no obvious change was
observed in the treatment of negative ligand using arginine. The FRET ratio showed substrate concentration
dependence. At 20 min after the addition of 1, 5 and 30 mmol/L glycine, the increase of Ds35 ;/Dagg nm Were
3%, 1% and 13% respectively. FRET ratio increased with the increase of subatrate concentration in treatments
with positive ligand, while the changes were not regular in treatments with negative ligand. Significant changes
in FRET efficiency were also detected in individual yeast cells after treatment with amino acids or glyphosate
using the photobleaching method. Changes in FRET efficiency were more pronounced with the addition of
positive controls of glycine and glutamic acid, with 30% FRET efficiency for glycine and 26% for glutamic acid.
The addition of glyphosate resulted in 26% FRER efficiency which was close to that of glutamic acid. The blank
control containing PBS buffer showed no significant change in FRET efficiency. [ Conclusion] The AtLHTI-
FRET probe can bind to the neutral amino acid glycine and the acidic amino acid glutamic acid, but not to the
basic amino acid arginine. The FRET efficiency varies among different substrates with some concentration

dependence. It is demonstrated that glyphosate can be transported by the amino acid transporter protein AtLHT1.
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80 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

43 %

1.2.2  BRAERE BB AN 0T 25
IEHfif) pDR196-CFP-linker-LHT1-YFP i Fi5% A\
BL21(DE3) &2 54, SkINA R R HEF R Pt
LB P i 16 1) BH 74 52 B B2 0 T 5 mL SOB ¥R A 8%
FR3E, 30 C FEIKE IR ZE Doy pm = 0.4~0.6, BL 1 mL
H WA 100 mL ¥ SOB 773, MMANZIWKE N
0.05 mmol/L 1] IPTG i T 7, 30 C & K 4k L 4%
I o N IPTG HFEFREE A 0 hy [H]FE 1 h BX 1 mL
B R EAT 6 h, FTEURE A4 SDS-PAGE HLUK &
F % B Hr 5 0 G (0 o8 R AA B [A], 3@ Western
blot Bk RGN HKKW . RHAEAEAA
] Proteinlso Ni_NTA ERMEXF SR IE 5 EE
BT 4lith .

1E 96 FL 2B A 5 A & 6 AR R N, IIAN &
BL21 Fik Ja 4l b & I EREH R AR, 4 430 nm
RGO, K 480 + 20 nm AT 535 + 20 nm 2 4>
W BB IR AR AL K FRET H (Dsss /Do o) o A
RAWEK FRET K4, CFP I fig & i i
FRET &4 YFP, MIAE YFP 2638 N, fx
ZFHFRET RS E . AKX LHT1-
FRET R&t 6928 A 52w 1536 7, AR S BH A RE 7
HZBRIMANKE R 0.5, 5 A1 100 mmol/L, 2 BN
NWKFEH 5 150 mol/L, FEH BEIIAMKEE N 1.5
30 mmol/L, 1E N BIPEXS IR PG E R 2, 4- —F KA
L8 SR TR, MK EEYIA 10 mmol/L.
1.2.3 ®MEFAZEAEREREAERN EHRTW
BY4741 BERFEFE R YPDA 15375 FRIZRyE10 AT
il £ BERFRSZ 2, B BB AR & (Takara) ¥4
pRSET-A-CFP-linker-LHT1-YFP JFi ki 4 \ BY4741
T BEER S S A0 Bl - BB T AU, P8 1)

A B
pp M1 2 3 4

2000

1000
750

500

200
100

BORIEPAN 405 nm, KA BASTE R 450 ~
490 nm, J¥ 51 2 BIBCR G 514 nm, KHHEERE
I3z K 30 By 525~570 nmo Pk B o e 42 3 0k
F, 2 FE B € YFP Al CFP 76 B B b i) %55
BT IE B, O R IK TR I ve B o K 5 N SR 1 8%
REFTEERE S YPD 559738 91, 30 °C. 250 r/min 5577
& Dgoom = 1» B 1 mL B0 J5 2 BIEW, JTE
F 20 mmol/L pH 7.0 ] PBS ZZ R ¥E 3 Y, 18
PBS ZZME rH AL T 24 h J5, IINKFESS2 10 mmol/L
FIZ5H R B, BUAL TR 10 pL 22 B R G
[ I AR R IR, 5 B AU B 405 nm,
ZARBOR KN 514 nm, % E KX )G,
100% 1 514 nm WOLIE H YFP, M%< CFP ()%t
TR TS, MR YE FRET 2R AR iHH:

FRETZCHE =(Mb P J5 ¢ 650 — AL ERHT 26 om ) /
AL S5 5% HE R X 100%.

124 Sitpdr  HAREEAHT KA IBM SPSS
Statistics 25 1 ExceL 2003 #fF, 58 3 IREE
H I EEbRE R K R« H Duncan’s ¥ LI HT &%
Ab B[R] 1 22 S S

2 BR55H

2.1 BRERERBENREERIESEEE

7E CFP [ C 5y A1 YFP [ N 3t 73 58 I linker
J¥ %1, 5 1 % PCR #3843 5111531 760 bp ] CFP-linker
Al linker-YFP F Bt (B 2A). 455 2 %Rl & PCR 4™
BPERESRAS 1.5 kb ) CFP-linker-YFP A . F LA
552 B ONBERR, BEATES 3 ReRlG PCR, REY
34 CFP-linker-YFP J7 B¢ (1 2B), K Y& Ji5 i) CFP-

M1: DL 2 000 DNA marker; M2: 5 000 DNA marker;1~2: CFP-linker } B; 3~4: linker-YFP i B; 5~8: CFP-linker-YFP Ji B&; 9: £k %k #& pDR196-CFP-

linker-YFP

M1: DL 2 000 DNA marker; M2: 5 000 DNA marker;1~2: CFP-linker fragment; 3~4: linker-YFP fragment; 5~8: CFP-linker-YFP fragment ; 9: Linear vector

pDR196-CFP-linker-YFP

2 BWEERROREEFIEHFHEE

Fig.2 Acquisition of target gene fragment and construction of expression vector



1

ZE A, 4 3L T FRET B E ALHT 3658 iKY I R4

81

linker-YFP B 5 28 XU V) B 81U 5 ) 26
pDR196 i ARL: infusioniff %1% fi #4k, Phidk FH 4
o R, 2800 P SR YIRS 6.7 kb 2 1A pDR196-
CFP-linker-YPF(/&] 2C).
22 [ERFRIESH

CFP-LHTI1-YFP filt& & A B AHX 70 7 B &
N 125 000. BL21(DE3) £i%% /5, 4 5%ti5E S e A

A

M, M 1 2 3
180 000
140 000

4 5 6

100 000

80 000

60 000

140 000
100 000

[ I 18] A EURE, SDS-PAGE 20 #r &k R W, ZE A
IPTG J5 4 h WRl& & ARIEAHE, 5h G658
A RIRIEHE (K 3A), H 6 h j5RIEEH In. ikt
f BL21 i SR IAR A B 5 TE SCELIR A, B A1
EER o g S S L EV & walll [ S gt S TR IV EbS
TR A/NSHE IR, AP GFP RiETAR
Western blot X 1iE, @& 2K FH 47 A GFP, HARX 701
RS EREEE (K 3B).

B

M M 7 8 9

10

80 000

60 000

M: 180 000 2[4 marker; Mr: 3 FUARN 20 T B8 1~6 23 HIZ7R 04 1,344 5.6 h S HE [ 7~10 52K 04 1,35 h i F 24 1 Western blot 1 lF
M: Blue plus 180 000 marker; Mr: Relative molecular weight of protein; 1-6: Induced protein at 0, 1, 3, 4, 5, 6 h; 7-10: Western blot validation of induced

proteinat0,1,3,5h

3 REFTES

Fig.3 Prokaryotic expression analysis

2.3 AREEYIXT LHT1-FRET £5RETHIFERT L

W aiqb ) 1 R % R IR B 1, 40 35 PBS 22
W R ER HE R BE R = BRA S
YFP 1 CFP o8 b4, Inss & (K 4) &
o FEMIAAFEM G Ds3s nm/Dago nm WAL S H
i 22 S Ao i N PR R i H Z R A S E R,
D535 4n/Dago nm PHRTE 5, FENIAZ ) 10 min J&5, H
FIR Ds3s nm/Dago nm TN 13%, 22 1340

6% 1ENIANZi4) 20 min )&, HZERH Dsss pm/Dago nm
B 17%, 2R 138 0 12%; TE AN 259 40 min
Jii» HEBRH Ds3s am/Dago nm TE I 20%, 25 Z L 3
T 15%; B I (A 9HERS, LR A bitass . BH B Ab B
[FIREAS Dsss nm/Dago nm 50, FoEHR 5 HRARS
FIR P, 7E 10,20 40 min 2 B0 7% 10%
AT 12%. N FAEBAHEXT B IGRE Z R IS > Dsss m/
Dago nm A A . A5 PBS 22125 1A 5 I 4

—— H=® Glycine B[R Glutamic acid
A — R B Glyphosate PBS 2z PBS buffer B
ISR Arginine .
0.6 -
N5 05¢F
24 ¢ Q .;
¥ 222} %04
Mg 7 - g
= g 2 Eo03f b b
EEZ‘O- Im’?‘g'goz-
= o 1.8} 5 E ¢
16 EEo1f :
' : H
1.4r ,.::1% 0 J= ey S J= ey vk ek A= s
S HEAR BEKR  FHBE PBSZMIR AR
Glycine Glutamic Glyphosate PBS buffer Arginine
t/min acid
JEA)
Substrate

RRNEGFEFERIR 0.05 /KF 2257 & 2% (Duncan’s %)
Different lowercase letters indicate siginificant difference at 0.05 level (Duncan’s method)

4 TRERY3 LHTI-FRET REHETWL
Fig. 4 Changes in light intensity of the LHT1-FRET probe with different substrates



82

HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

43 %

H] D35 0m/Daso nm IFVEEBE IR AR1L (K] 4A). AH
B A 1R 5 L R f K AR AR (] 4B) it — R W,
B f) LHT1 i FRETHR A HE R B &R &
H B sR A B, VLX) BRI 5 18 e
775 M XF PBS £& M ARG S B 52 M 3 /N, 15 B X 1%
JEI B B MR B E .

2.4 AREEYREST LHT1-FRET 1Rt BTTL

=ppA]

NTAEI LHT1-FRET #R & i 46 0 35 Fn R
B, IRFEIRE RS LHT1-FRET 41t a8
Lb R R AT A o IS R BE SRS > Dsss !
Digonm B SH IR Z . AP X I H 2R

—— 30 mol/L
—— 5 mol/L
A HHIBE —— 1 mol/L
Glyphosate
g 2.4+
3
Z 2 =
R g R
=
.8b
— 1.8}
0 30 60
t/min
PRy ——50 mol/L
C. PEEK —5mol/L
Glutamic acid
2.0}
S
g
25 A\J
= o> =
% § 1.8 4
R E R
5 : . _
— 16}
0 30 60
t/min
5

Light intensity change

Light intensity change

3 B4 8 0.5, 5 A1 100 mmol/L A J&, 20 min J&
D535 nm/Daso nm 73 9T 3% 3% F110%(& 5B); FH
PEXT IR 25 2R 23 Al #% HE 5 F150 mmol/L A J&,
20 min 5 # Dsss vm/Dago nm 20 5 THE 2% F1 9%
(B 5C); EH B EEFFELL 1.5 A 30 mmol/L )&
BTANJG, 20 min J&5 ) Dsss an/Dago nm 7390 F 51 3% 1%
A 13%(E 5A). T I EE 9 10 mmol/L 1 B 14
YRR R 2, 4- —FORE LR (2, 4-D) LA
1%, Ds3s nn/Dagonm V< H T (K1 5D)o HHILTER, FRET
AL RS2 IR BE RS o AR FE R, FRET b
AR B, FERUIR R EE R, FRET L &A84k
SRV, U B R ETE R T T 75 B — P o

—— 100 mol/L
—— 5 mol/L
22rp, HER — 0.5 mol/L
Glycine
20Ff
1.8+
i s
1.6 |
0 30 60
t/min
— K% % Arginine )

D X —24- “HEKELE24-D
2.1+ Control — ZE A Oxyfluorfen
1.8
1.5¢

A EIEMREST LHT1-FRET 3REHETNY (Dsss pm/Paso nm?)  BIFZNE

Fig. 5 Effects of substrate concentrations on the light intensity (Ds35 uu/D4go nm) of the LHT1-FRET probe

25 BEEEZFKIAWERERN

YRR S o TR 2 AR S FARAE R R
FEIF, X AR AT ORI A JE, ROk
¢ B T, i ke R E AT JE R
SRS THE FRET 0% . 45 R EoR, /AWK
F£ 3579 10 mmol/L A R R G, 2 EET (K] 6A).
J& (Bl 6B), FRET SR B & FH B % 7. Hf

TN B PR 0T B8P SRR R &R JS . FRET &K
R, Hh &R FRET &% 1k 2
30%, 7% R 1 FRET 20 1A 2] 26%. MMAFLH
BEALFE () FRET M E 5B " Rk, ik 3
26%. 7 PBS 2% Ml 1) 2 A6 IR %A B R
FRET BBk (K 7). 5 5 A% ek B BRET A6 I 45
R



1

ZEEM, T FRET JREMEE AtLHT 358 )Y e #R %N 83

B:EH A
B:After bleaching

AR AT
A:Before bleaching

6 WRSTFIEA (514 nm HE) @I ERIEIEBTL
Fig. 6 Changes of light intensity in fluorescent molecules
before and after 514 nm laser bleaching

C

30t
25+
e &
;\%,520-
55
=g
=B ast
m =
2o
= &0t

Y
Substrate

AFENGFRERIR 0.05 KFZ 7 22 (Duncan’s %)
Different lowercase letters indicate the siginificant difference at 0.05 level
(Duncan’s method)

7 REENETERYLIEGEH FRET 32
Fig.7 FRET efficiencies of treatments with different
substrates measured by photobleaching method

3 WS

B 30 2 5 90 R TR 2 R IR 1 R UL LA
LHT1 &8 KRBT ik — S 28 R A5 16 i 1 1E
B, LHT 1 6] P 2 25 19 R0 P S 25 R A e s
73, X B R R SE A JI AR "7 Chen S5 HIE
BIPLRGIF LHT1 0] LA is I R AT 424 CAP-Gly-
2. KB REIR, 125K L+ LHT1-FRET 4%
Bl LS i R H A R AR M R =R
BREWIE A, AL SR EREER, 4%
5 SRR IE 1 — 8. 74k, AR SCRIGIF 7 LHTI
MRS EH R AL S, St— PR T LHT1 iz
JEIE

AWIELL LHT1 #ia AN FEH N R, ik
F CEP #1 YFP 454 FRET £ R, ¥ @3 T LHT1
() FRET #£%F, it — P58 LHT1 X 2 M 2R 1
iz, ASCHET 2 FERIE RGUTRL 2 I AE R A
1 6 T2 RE 40 rh R, FH AR PR 0] ) S R R Ak

HJ5, FRET LR HE B8 1AL, U60H p o 2
T FRET 4. LHT1 £ IR ERFIEEA,
N R TE ), HTEAR S I R AZ 40 i BL21 HER
R E S ST R LHTL S A A BT 7,
FEAREE R I UK R B, B A4 BL21 &
KRG R R R, HE o AR OCRD AT AS I, {5 sk
56 = PLEHEAE, (2 Vanoaica 251 #E Arg-FRET 4
BRI 2] pmol 2403, A VI Re 2 AN A 1) R IA K R iG
FCR, 1 BH B R 2 B R 0R R G HEK 293 T 41 i %)
FRET #R4&H 19 R U A #H B, o] Dod i 35 m dm
Tk RGN = RBEER LHT1-FRET 8%, M
F T 0fi e A A0 254« F B BE R R R IA LHTI-
FRET #R%h, REUZELIFE & TREREREAR. H
i B 323 B PR HEAT H 40 FRAS W 7 BEAE WOk L 2R
FER I N R AR, G B AL EE A M A s, ASF
TFAE RN 2 R, RIS AN REEAT SE R Bh 2
Fr e, 55 —J7 ] DAE LHT1-FRET #R4t 4514
SR EZ A A, SUEHE A2 K linker, K25
PRET I RO
S5 L RTIR, AR IR T B T TR A
lR¥E32 8 1 LHT1 i) FRET #8%F, 340 978 B A% 40
HRLRT JCAZ 40 B rP R B 3 0A, IERH LHT1 #isE 35 7
ZREIER I IS, FIFER 7 5 H e gl 2t
MR IZHE H LHT1 %128, R T W R 25t
FRAt T R AR, DT AR 2 ) O R e A T

NAVAY
o

P

(1] DU RAFT AT EE: SRRAGC)Y/HELL
SELHUR A RIS 2. LR T E AL T2 2, 2003.

[2] DELETAGE-GRANDON C, CHOLLET J F, FAUCH-
ER M, et al. Carrier-mediated uptake and phloem sys-
temy of a 350-dalton chlorinated xenobiotic with an al-
pha-amino acid function[J]. Plant Physiology, 2001,
125(4): 1620-1632.

[31 YOU G, MORRIS M E. Drug transporters: Molecular
characterization and role in drug disposition[M]. Canada:
Wiley & Sons, 2007.

[4] DEGORTER M K, XIA C Q, YANG J J, et al. Drug
transporters in drug efficacy and toxicity[J]. Annual Re-
view of Pharmacology and Toxicology, 2012, 52: 249-
273.

[5] WU H, XU H, MARIVINGT-MOUNIR C, et al. Vector-
izing agrochemicals: Enhancing bioavailability via carri-
er-mediated transport[J].
2019, 75(6): 1507-1516.

[6] DE MOLINER F, KNOX K, REINDERS A, et al. Prob-
ing binding specificity of the sucrose transporter AtSUC,

Pest Management Science,

with fluorescent coumarin glucosides[J]. Journal of Ex-


http://dx.doi.org/10.1104/pp.125.4.1620
http://dx.doi.org/10.1146/annurev-pharmtox-010611-134529
http://dx.doi.org/10.1146/annurev-pharmtox-010611-134529
http://dx.doi.org/10.1146/annurev-pharmtox-010611-134529
http://dx.doi.org/10.1002/ps.5298
http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1104/pp.125.4.1620
http://dx.doi.org/10.1146/annurev-pharmtox-010611-134529
http://dx.doi.org/10.1146/annurev-pharmtox-010611-134529
http://dx.doi.org/10.1146/annurev-pharmtox-010611-134529
http://dx.doi.org/10.1002/ps.5298
http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1093/jxb/ery075

84

HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

43 %

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

perimental Botany, 2018, 69(10): 2473-2482.

JIANG X Y, XIE Y, REN Z F, et al. Design of a new
glutamine-fipronil conjugate with alpha-amino acid func-
tion and its uptake by A. thaliana lysine histidine trans-
porter 1 (AtLHT1)[J]. Journal of Agricultural and Food
Chemistry, 2018, 66(29): 7597-7605.

MAO G L, YAN Y, CHEN Y, et al. Family of Ricinus
communis monosaccharide transporters and RcSTP1 in
promoting the uptake of a glucose-fipronil conjugate[J].
Journal of Agricultural and Food Chemistry, 2017,
65(30): 6169-6178.

CHEN L, BUSH D R. LHT1, a lysine- and histidine-spe-
cific amino acid transporter in Arabidopsis[J]. Plant
Physiology, 1997, 115(3): 1127-1134.

SVENNERSTAM H, JAMTGARD S, AHMAD 1, et al.
Transporters in Arabidopsis roots mediating uptake of
amino acids at naturally occurring concentrations[J]. New
Phytologist, 2011, 191(2): 459-467.

CHEN Y, YAN Y, REN Z F, et al. AtLHT1 transporter
can facilitate the uptake and translocation of a glyciner-
gic-chlorantraniliprole ~ conjugate in  Arabidopsis
thaliana[J]. Journal of Agricultural and Food Chemistry,
2018, 66(47): 12527-12535.

XIE Y, ZHAO J L, WANG C W, et al. Glycinergic-
fipronil uptake is mediated by an amino acid carrier sys-
tem and induces the expression of amino acid transporter
genes in Ricinus communis seedlings[J]. Journal of Agri-
cultural and Food Chemistry, 2016, 64(19): 3810-3818.
HKER, FW, RN, 55, ZOUIRER B HARIEL
i A o K B R Wt T EE R (D). HL R A AR, 2007,
26(6): 620-624.

FORSTER T. Energiewanderung und fluoreszenz[J].
Naturwissenschaften, 1946, 33(6): 166-175.

T, PRiuie, SO0, 5. 3T 0O R A K PO IR AE
BB IRET MM i S S D], v T 40 2R o 2 4k
2012, 34(12): 1258-1267.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

FH RPN, £il, 5. AT Co T4 M AT & B A
FRET #7 AR 7E 17 40 i o 67F 58 88 (1 5 AH B4R R[],
AW TREZE, 2017, 37(5): 45-51.

FEHR M, FROMMER W B, LALONDE 8§, et al. Visual-
ization of maltose uptake in living yeast cells by fluores-
of the National
Academy of Sciences of the United States of America,
2002, 99(15): 9846-9851.

LAGERI, LOOGER L L, HILPERT M, et al. Conver-
sion of a putative Agrobacterium sugar-binding protein

cent nanosensors[J]. Proceedings

into a FRET sensor with high selectivity for sucrose[J].
Journal of Biological Chemistry, 2006, 281(41): 30875-
30883.

SVENNERSTAM H, GANETEG U, BELLINI C, et al.
Comprehensive screening of Arabidopsis mutants sug-
gests the lysine histidine transporter 1 to be involved in
plant uptake of amino acids[J]. Plant Physiology, 2007,
143(4): 1853-1860.

HIRNER A, LADWIG F, STRANSKY H, et al. Ara-
bidopsis LHT1 is a high-affinity transporter for cellular
amino acid uptake in both root epidermis and leaf meso-
phyll[J]. Plant Cell, 2006, 18(8): 1931-1946.
VANOAICA L, BEHERA A, CAMARGO S M, et al.
Real-time functional characterization of cationic amino
acid transporters using a new FRET sensor[J]. Pflugers
Archiv-European Journal of Physiology, 2016, 468(4):
563-572.

TR, BRIF A Ot IR AE B HFS (FRET) 1€ B4
I R[], SR T K 2 2R (H AR B2 AR, 2012,
44(3): 12-17.

KAPER T, LOOGER L L, TAKANAGA H, et al. Nano-
sensor detection of an immunoregulatory tryptophan in-
flux/kynurenine efflux cycle[J]. PLoS Biology, 2007,
5(10): €257. doi: 10.1371/journal.pbio.0050257.

[HfEHE £ K]


http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.3969/j.issn.1000-6281.2007.06.014
http://dx.doi.org/10.1007/BF00585226
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1074/jbc.M605257200
http://dx.doi.org/10.1104/pp.106.092205
http://dx.doi.org/10.1105/tpc.106.041012
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1371/journal.pbio.0050257
http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.3969/j.issn.1000-6281.2007.06.014
http://dx.doi.org/10.1007/BF00585226
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1074/jbc.M605257200
http://dx.doi.org/10.1104/pp.106.092205
http://dx.doi.org/10.1105/tpc.106.041012
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1371/journal.pbio.0050257
http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.3969/j.issn.1000-6281.2007.06.014
http://dx.doi.org/10.1007/BF00585226
http://dx.doi.org/10.1093/jxb/ery075
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1104/pp.115.3.1127
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.1111/j.1469-8137.2011.03699.x
http://dx.doi.org/10.3969/j.issn.1000-6281.2007.06.014
http://dx.doi.org/10.1007/BF00585226
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1074/jbc.M605257200
http://dx.doi.org/10.1104/pp.106.092205
http://dx.doi.org/10.1105/tpc.106.041012
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1371/journal.pbio.0050257
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1073/pnas.142089199
http://dx.doi.org/10.1074/jbc.M605257200
http://dx.doi.org/10.1104/pp.106.092205
http://dx.doi.org/10.1105/tpc.106.041012
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1007/s00424-015-1754-9
http://dx.doi.org/10.1371/journal.pbio.0050257

	1 材料与方法
	1.1 材料
	1.1.1 供试药物
	1.1.2 质粒与菌株
	1.1.3 主要仪器

	1.2 方法
	1.2.1 表达载体构建
	1.2.2 原核表达及酶标仪荧光检测
	1.2.3 酵母真核表达及共聚焦检测
	1.2.4 统计分析


	2 结果与分析
	2.1 目的基因片段的获取及表达载体的构建
	2.2 原核表达分析
	2.3 不同底物对LHT1-FRET探针的光强变化
	2.4 不同底物浓度对LHT1-FRET探针光强变化的影响
	2.5 酵母真核表达的共聚焦检测

	3 讨论与结论

