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KRS FLRA L RR . T5 . s ARRSE2
T fpae (5 e, 2012). ABASZ IR SEABALS 5B %
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F1 Ma & (2009) [F] B # 1& T #L B I (Arabidopsis
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AL LT KAS-9 H X RABASZ /K FE K (ZmPYLL)
(1) E 4 B R RSB RE, B AT T S R R S
PR AR VROAR FBE B R RAR I K DL B B R ) B K A5 TR 3R
Xof P YRR A K B M B TR R 1 R R[] B
ITCEL50 H ABAL 32 i AH ELAE FH IR EE b AT T
R, NHEYBE TR S 8 L TN RS
FARKR.

1 ME5SEE

11 MR5EE

SLISARL & ToK(Zea mays L) E R £ (AS-9) ABA
ZARER FAZmPYLLE 4 ORI K ImAT % BL21 (DE3)
PR, HHAS SR A IR AF, B AR HINI-NTAR
fEBELUEL(Qiagen); (+)-ABAJY H Sigma A

A AT WL B (TU-1810, Jb5stE#r
T FHAER AT PR 54T A |) 68 75 A RO A (VC 255,
F¥ %15 51830Y, Sonics & Materials, Inc. U.S.A) &%
£33 7€ B HX (MicroCal ITC-200, GE).

12 BF5E

1.2.1 EFEFSUE

H020 pLis A H MR R AZ RIS W T, BA20 mL
4750 mg-L™" Kanyiid: ZMILBR; 3L, 37°C,
SrEP20085 I BE B 12/, TRERS mLIZ B, I
YA Kanff1500 mL LB}; 7RI kAT —ikiE 1k, 37°C,
[y 150%%, 2.5/ AT AR A K B X B0, AR
AT UL 43 5 % BE -l £ OD600 24 0.6-0.7, il A 100
uL 0.2 g-mL ' MIPTG, %iE25°C, 4454 120% 5
FEw, Akid12/ e, MFFOD6007EL.0-1.5 2 [F] .
#4500 mLERIESIS0 mLE.0EH, 10 000 xg,
A°CHOER, FIR10 4. IR I B T —20°C
UKFEIRAE % H

122 BREBFEEMEEGNERRIE

1.2.2.1 WERRKHER

FREXES OB USCEE AR T 5 R B, A8 AR S
1.0 g, HELEFIMALO mL lysis buffer (50
mmol-L™ NaH,PO,, 300 mmol-L™* NaCl, 10 mmol-L™

FE TS5 T E SR BRI BRI IR AR ik & 791

imidazole, pH8.0), H B W, WITIRE, BERK
5100 mg-mL™", 5% % T1% 1140 mL/NEEAE A,
WG G AR IR . IS R AR VKIS, BRI K3
b, [AIERI 1080, PRIEA0%, T AE I 75l ik B
5. 10. 15. 20. 25. 30. 35f140%3%h, i _FiRmf
B 15 A W46 B W I ODB0OME Al I35 rh I 2R (A IR B
= A i & & 28 BradfordiZ:(Bradford, 1976; 4{#3
2 2012).

1.2.2.2 WERREREE

43 9 A% # AR T In N 25 14, 10F15 mL lysis buffer,
H13HE H40. 70, 1001200 mg-mL ™) 1# B .
W BRI T ok AT R PR R, PR BRI
3, A K 108P, RIEA0%, TAFE SN KiEI15
YR LB TE EE S R b I %R R T B R T S )
OD600,  [7] s o Ml 5 94 B B s VR A A il U 37 T 1)
WAR S &, ol SDS-PAGE Lk i I A [H] &
JE B R i T K B TR EE AR A .

1.2.2.3 BUREFERHCRIESE

AT I 10 mL lysis bufferfi|#3# & 9100 mg-
ML R R B o K BB B T UK b AT A AR, R
L H40%, LRI A 2, 3. 671980, [h]
BNA10FD, ARSI KA E 5504 oAb 2R 56 BE o Al
AL IO B B 4R K B 2 JOD600, 7] s A N
FAEIR A T AT S ISR EAR S E.

1.2.2.4 |EEREHHCRIIERE

6] B A N 10 mL lysis buffertill #59€ 79100 mg-
ML R R 5 T R T UK o AT A R B,
PRNEH40%, KRR Ky 3FD, TRIERET K53 51 h 2,
6. 10F114%0, TAERINKI55h. AbFE 58 B fa A6 I &%
Ab R S5 AT TN B BRI )5 iODB00FH LI H ik B
JRE . SEREEIIR, SRUTFIEER.

1.2.3 ER4

# EIRBERE S A0 000 xg, 4°CE.020%0 %, |
TN & (R, 4D RS ENI-NTAL IR
SERME UL . WAl FE D BRI R A
Wik 4TSDS-PAGE /T, FIHEPESH (20 mmol-L™
HEPES, 50 mmol-L™" NaCl, 1 mmol-L™" MnCl,,
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1 mmol-L™ B-#i %k Z 1) B #H B 0, WE T K EE 1
AU BRE AT ITCSE K .

1.2.4 ABASZHEAEMMIIRANSHML
FHEPES ¥ 5 IE il AN [R1 3R B 1) (+)-ABAVE W1 A 52 44
REBEW, 292 mmol-L™ (+)-ABA & 0.05
mmol-L™" ZmPYL1. 2 mmol-L™" (+)-ABA 0.1
mmol-L™" ZmPYL1. 4 mmol-L™" (+)-ABA 0.1
mmol-L™* ZmPYL1.

2 FERZIAE4°C 12 000 xgE 010405 A
M. HEATERIR N LI, BT R IS YRR it
Misyringe, [FIH #BAEAKIEVEINFEET, FONARAT IR H A
m B R K, BT REE T syringe, X300 pLig
FLTRE IS Sy, AR 55 /8O B E LA JRE 677 2E
S, HL100 uL ABAVERINANO.2 mLELEH, i
ITINFERE P, INRESE RS, EITC200 %% 44 H i) Ad-
vance Experimental Designi% BITCSZ¥ S8 KN
JRE25°C, My ST . EEHAT S 1% 40.4
pL ZB2 LUE ~2.41 uL; B RFSEES E) 55 17 40.8
Fb, M5 290 7 46 9 4.82Fp, 4 2 18] it 1) 5] 5 150
Fb, PPk as s a5 Eh800% .

S8 45 ] Origin 7 (MicroCal 1TC200) %k 143k
T30, 19 20455 BU(Kp) MR AL 27 7 2 50(N)
2, I XA B B (Ke) B K13 B 28 5 (K ) -
One Set of Sitesfiflikiu AL /N T ZiL A
5T ROBLA, UG 2R S AT R R AT, B
B zERUN . Gt ZUIERIE, HECATHEL,
B SE AN Ao 25 P50 HECA AR BRI E (£)-ABA S A & 2R
FUSR THEPESYATRFI & )M . &5 Ie ER 3R, 45
RULPHME LR

2 ZR5iTe

21 BEEWEFRGNREERSIRE

2.1.1 FWESEHCRERE

AR (IR, B B R BB, B R
ODG6001H &I Ty, 13048 5T 113,
I OD600ME fe W] N2.741, YR 155 4 i) T 1%
F1.797, @304 5 M 80.749; T HAL B AR
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Figure 1 Effect of total ultrasonic time on the OD600 and
protein concentration of bacterial resuspension in lysis buffer

B H UK BRI EI2.616% . S5 R EOR, BE
WREE 15BN, R E D WAR CREBUE R AR, B
SRAR SR RE 23070 BRI, TR A B A O R (VR
OD600fE A T 4%), (HERG 58 & [ i P
ZJEITCHIZE M SEIR S K 75 22, Jm B8RSR A 1670 B
D AR A NG

212 BEERRENZEE

TEWTUA B BB B AH 2 B L T (B12B), 8 75 A A
AbFE1550450 5, 100 70140 mg-mL ™ ) B B dh 4
RIS, R RBEIE, M T (B 2A2-
A4), OD600fA 2.5 2 1.7/ 41 (12B), 1200
mg-mL ™ R B B VR AE B 1.5 4 i B TR 44 H B0,
Ak S SR S T AR, B S S A S
ffe, ARS8, BRFL55: B0 S K IHVE i (] 2A1),
OD6001E b4 /IN e HIUE TR TR FEAH A 414 T (E
2C), AR AL EE155 4, W RIKEE40-100
mg-mL S L A P T R T R 1 R P AR AR,
PR ISR B A A 3 N 1.0845 . 1.8£5F11.691,
200 mg-mL ™ {5 BB ELS 45, Fis M
EEFRWKE RN T 99.1%; SDS-PAGE4: & &R,
B B R H140 mg-mLJH 2100 mg-mL™t, H
& AR IL BN, (2200 mg-mL ™ B ER K H &
FRIAEIF LR EWIN(E2D, 4T & 342.3 kDa).
27 b, HEIKEAET0-100 mg-mL ™2 i) Jyid B,



PFiy 5 4 BT AR S R BRI ORI IR Z AR f ik & 793

B 30 - B0 min O15min
25
2.0
S 15
a
@ 10
0.5
0 1 1 1 L
40 70 100 200
Bacterial resuspension concentration (mg-mL-")
C 60 WO min O15 min

50

[ =
el
©
i £ 40
43 i
SRR M M e D7 oo
31 — b 1 o | c E 29
= 14}
A s 2 10
2 y 1 n- D L 1 1 J
j - 40 70 100 200
14 S Bacterial resuspension concentration (mg-mL-")

B2 AN TR o e 7 B A 4 R

(A) A1-A4%3 519200, 100, 70F140 mg-mL ™ B 008 P I I e T (e MIBEAR) J (A5 I BEAR) X L P (B) T BBk J3E o 75 3 e e iy
J5 B VR ODME I REM; (C) B AR P X 7B S A 1 J5 L3 P B (1 SR BE RS2 (D) AN [RI AR 1 R 75 Yk R 5 e 3 o
EH S ESDS-PAGEM I, ¥ki&l. 3. 5. 7405483200, 100. 70#140 mg-mL B EWRITIEHIIEH, WKkiE2. 4. 6. 840tk
200. 100. 70/140 mg-mL " &k BB IEA, §kPmn BrEM,

Figure 2 Ultrasonic treatments for bacterial resuspension of different concentrations

(A) A1-A4 indicate the comparison of 200, 100, 70 and 40 mg-mL™ bacterial suspension before (left beaker) and after (right
beaker) ultrasonic treatments; (B) Effect of bacterial resuspension of different concentrations on the OD600 before (0 min) and
after (15 min) ultrasonic treatments; (C) Effect of bacterial resuspension of different concentrations on the protein content before
(0 min) and after (15 min) ultrasonic treatments; (D) SDS-PAGE detection of protein content in sediment and supernatant of
different bacterial concentration, lane 1, 3, 5, 7 represent the protein content in sediment of 200, 100, 70 and 40 mg-mL’1 bacte-
rial suspension, respectively; and lane 2, 4, 6, 8 represent the protein content in supernatant of 200, 100, 70 and 40 mg-mL’1
bacterial suspension, respectively. Target protein band is showed by arrow.

B L1000 mg-mL 1 T B0 IR bR v ZmPYLARN A, it DE AR AT, ZE
T KABAZ AR A R ZmPY L4 B K ¥ 4100 R AE S AT B RITCY 2 i A it — P 7t

mg-mL™", BRI A £E 150 % LY, ODG001E T [,

{H15-30%) £ 14 2 OD600E XA FH = L R (K3A),  2.1.3 HREEEERHCHOIERE

R AR 4 3070 B, VRS A VI (EI3B); B 157 o TERI4E P = ODBOOME AH M B 26 A1, BRL IR B A bof
30785, B EIE AR B TR Ry s T K3, B ERODBOOH ik N0.76, TMEik L
33.5%14.0% (KI3A), MMM EER AR EHEARSERM, A58.57 mg-mL™, LLylhE
BEA . SDS-PAGEK B, & A FiE FUR K L N 4. 4905 (KI4A, B), I e B8 4 1l 7
EYLEH, M EEPREHMEAED(ESC, 7R B AH IR 2R, il i ) i
436.1 kDa). X ULHH B R P EORABASZ IR EE A ARBEREAS S84, 1T B KRR I R I 6D BT, B
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Figure 3 Ultrasonic treatment of inclusion body ZmPYL4

(A) Effect of total ultrasonic time on the OD600 of bacterial resuspension and the protein content in supernatant; (B) Bacterial
resuspension before (left beaker) and after (right beaker) ultrasonic treatment for 30 min; (C) SDS-PAGE detection of protein
level in sediment and supernatant of bacterial suspension. Lane 1: The protein level in sediment before ultrasonic treatment.
Lane 2: The protein level in supernatant before ultrasonic treatment. Lane 3: The protein level in sediment after ultrasonic
treatment for 30 min. Lane 4: The protein level in supernatant after ultrasonic treatment for 30 min.

LA, TN, SEmE AR RO . BRI, 72
Ja B SRS L YRR RN K B AD

TEOLR, TE2—1OFD Y61 N B 2 A BRI (] 2B, 25
JRAEECBCR I N, B[R BRI K 14FD I, AR
TR A N (R S0, MR RO AR 22 . [N, R RS
2.1.4 [|EERERHCHIERE {14 ) BB )36 B LOD
FH T 7 O A S P AR AN, AR 7K R R

FUKIREL, WEE S KRy 22 BRRAK

18T B o S B AT 2—LOFD I [ P it 5 ) B e
I 4E K, OD600E 73 il M 46 12,6 /% 422.3. 1.0410.5
(EI5A), T b3 o 8 B KR B S ) A R FE A L,
3N T 15.1%. 2.7445F13.0614% (K15B); 1H 4 A
UK FE K Y14 R0, OD600ME H12.67% 52.197, &
FIIR BRI T 1.956%(I5A, B). HHEIIAE S ] AN AE )

AR DA b B R 3R SEE6 1 ST ABA S AR B 5 R A T
P HE R A R, R N100 mg-mLT ) B R,
BRI K 1670 B, OB N KO 380, TR S
91080, FRIEA0%. JEUIZ2RIA T A BIRE i 1) T 2
AR YTVE A EIE, bR B AL AT HR A Al
b, W AR S 1T SDS-PAGE 73 T (1216) . 4
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Figure 4 Effect of single ultrasonic time on the OD600 (A)
and protein concentration (B) of bacterial resuspension in
lysis buffer
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Figure 5 Effent of interval time on the OD600 (A) and pro-
tein concentration (B) of bacterial resuspension in lysis buffer

I 4 A R AR N (B 7)

FEX M (A& 2R A B, MRV T
0.08 pcal-sec™, %W & J5 MBI BB, K
JS7 AR 2 B EORCR, U0 R T R R A A R (&7
D). 472 mmol-L™" (+)-ABAJ 5£0.005 mmol-L™
ZARE AT, B R BN, RN
Pl 28 2HOSIR, ST EE(N) 155, BILEE 15
THI(2)-ABATE 21555 FHIE AR, %4135
WHKELEB. CRLLII21%, ViR RIR 22 1k
F&AETR, (£)-ABALZ IR A 456 R R ) 855 (B
TA; £1); 4HINZAKE A FRKE£0.1 mmol-L™!
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Figure 6 SDS-PAGE detection of purified ZmPYL1 protein

Lane 1: The protein level in sediment after ultrasonic treat-
ment; Lane 2: The protein level in supernatant after ultrasonic
treatment; Lane 3: The collecting liquid of the supernatant
through Ni-NTA; Lane 4: The collecting liquid of wash buffer
through Ni-NTA; Lane 5-8: The collecting liquid of elution
buffer through Ni-NTA for the first, second, third and fourth
time, respectively.

B, R B 222 (+)-ABATH & W (73 7 82814 mmol-
L™ (£)-ABA), fi iR, B Ky
HRKREAL, (£)-ABASZREARIMB LA T 4E
RS, HF4 mmol-L™ (+)-ABA50.1 mmol-L™ & [
ZE LRSI AR B R, (R EE HOLA h 2R  S G a E
i, RYPIMELREAEETB, C), i RENE
L, YU (2)-ABAS AR R AL LB 45 &,
BR] e RS () R KB, 4 mmol-L™ (+)-ABAJH &
0.1 mmol-L ' Z k& AR E NAIE. Mo, BT
(2)-ABA L 524K 8 (110 45 & & AR R, TR B HE I
KABASZREHZMPYLL N — Ak,

2.4 it

2.41 RBEFRESGNMRL
Y AR R 3 R R A R A I S 4 R

£l ANEKE@E)-ABAMZMPYLLE AR 456 K

BN AT AN [R] ) w2 ATAR By, 32 R A D LA 5 R i 3
25, A A R A S AR, Bl e R BT Y
KT A 401 0 45 4 Tl IR, R T80 HE B P 9 ol (RS i
2006; JEE%E, 2013), XF & ERAG. 6 4,
BT 32 S T A% (R 3 5, 2002) S ELRZ 41 i (2
7K #E %, 2010) . 6 75 IR AR () B0 BT P AL 7R e
ARFRE ] SR T S A MR Y S I BRI
SRS BRI R . EERIKRE &
A 6 S U555 8 P TR A AR BT S RS OO (B B, B
TR 25 B 55 (RS 35 4, 2008) . ARFF Y, 4324k K 1
ZmPYLLE 2K EAS T-100 mg-mL i AR R R4
07, BRI FE RS SN, AT OETE, RAEIR
(K12A2-A4), OD600fE H1i2.5 %% 1.7/ 15 (KI2B);
Y H BRI L F200 mg-mLTN, TR S, T
WA Z, RS S, AR R 5 (B12A,
B). UMLK, MR AR ANME s 7 8 (A )
PERCRACR, T H3 0 7 B R ¥ fE T (Canas et al.,
2007), AT, WERIKE N70-100 mg-mL ',
W e BIE A IR E G N 7 80%, H IR ARIA
B (EI2C); T 24 1 Bk A 1200 mg-mL i,
HWE QRS ENERA M, &I 2 AR
M FI(EI2C, D), W B0 P 2 i e 7 il e R
FIER (77 3R A S R 2R T SR B PR T 1A B (T BB T
AAIRE, B B YRR R TE 0 2 B AT VR MRS, Ak
RSO 2%, | A R BEEPETE S (BISA-C), I
REIEAT B A f b s

A5 YRR P 90 B A I A B R ) S PRI SRBE,
FEid v, SR LR IR M, 755 5l i AR, B
JE T A DU £ PR R ANV, B 7 R IR (B K R
2010). ABFFLH, 258 PR TAE S K AE0-154)
BRYEEE N, BEE B AR, BT A R
FERETN, W Z 155 Bl ik BRI 46 B IR E 92,61
FE(EIL), 0 R KAZ R B 1 T VR 75 R 15 i
o I 43 T AR TR B L, 0 A A A ],

Table 1 The thermodynamic parameters of ()-ABA and ZmPYL1 protein in different concentrations

Thermodynamic parameters 2 mmol-L™" (+)-ABA+

0.005 mmol-L™ ZmPYL1

4 mmol-L™" (+)-ABA+
0.1 mmol-L™* ZmPYL1 0.1 mmol-L™* ZzmPYL1

2 mmol-L™" (+)-ABA+

N (sites)
Kg (umol-L™)

15.5+5.52
135.32

0.651+0.190 0.821+0.069
72.99 72.46
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Figure 7 The variation of differential power with time and the heat variation of injection with the molar ratio

(A) 2 mmol-L™ (+)-ABA was titrated into 0.05 mmol-L™ ZmPYL1; (B) 2 mmol-L™ (+)-ABA was titrated into 0.1 mmol-L™ ZmPYL1;
(C) 4 mmol-L™ (+)-ABA was titrated into 0.1 mmol-L™ ZmPYL1; (D) 4 mmol-L™ (+)-ABA was titrated into HEPES solution without
protein. The solid lines in bottom panels represent the fitting curves, and the closer the fitting curve is to experimental dots, the
more credible the fitting result is.
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Optimization of Detection Methods for Zea mays ABA Receptor
ZmPYL1 by Isothermal Titration Calorimetry
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'College of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China; National Engineering
Laboratory for Tree Breeding, Beijing 100083, China; *Key Laboratory of Genetics and Breeding in Forest Tree and Orna-
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Abstract Abscisic acid (ABA) is a key phytohormone involved in adaption to environmental stress and regulation of
plant development. Identification of the ABA receptor has important theoretical and practical significance. Isothermal ti-
tration calorimetry (ITC) is one of the important techniques used to identify and select ABA receptors; however, high-
quality receptor protein is needed in this method. In this study, we examined factors affecting the separation and purifica-
tion of the Zea mays ABA receptor ZmPYL1 and the binding affinity of ZmPYL1 to ABA. ZmPYL1 was overexpressed in E.
coli, and high-level ZmPYL1 was purified from sonicated E. coli cells. The optimized ultrasonification conditions were total
time 15 min, single time 3 s, internal time 10 s, and concentration of bacterial suspension 100 mg-mL‘l. The binding af-
finity reaction of (+)-ABA to ZmPYL1 was an endothermic process, so ZmPYL1 is a dimer receptor. ITC results showed Ky
of 72.46 umoI-L"1 for the interaction between 4 mmol-L™ (3)-ABA and 0.1 mmol-L™ ZmPYL1. This study provides an
important technical basis for screening and identifying plant ABA receptors.

Key words ABA receptor, isothermal titration calorimetry, ultrasonification, Zea mays
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