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T [ 5 #1112 J5 12 1 (posttranslational modifica-
tion) 2 #5112 S5 N 4 — 84k 2 B A LA R 3
I/ =S 1 R 10K e 20 T4 S ViR = I EX EEi D)
ZREAREFETEREZEH . EAREE
BIMEIRZ, ORFEBRIL. . Z 5. b
Al B8 WAk S 5w A L 4G 45 (Blom et al., 2004;
Kosako and Nagano, 2011; Frost and Li, 2014; Zhu,
2017).

WL, FAZ ALY 20 M b 20 /310 8 1 4
BRAG A, 2 B H 1 B R A A2 T ) A sk R R A
(Hubbard and Cohen, 1993; Ficarro et al., 2002),
8 ABERR L i 2 H I (protein kinase )AL el &
R AL EATP (D E 0L~ FGTP) b iy A R
FE A DL S 1) 0 X 42 31 SR A B 1) E 2 2R IR
BEN ¥, b (Fischer and Krebs, 1955; Krupa et al.,
2004). FIEZAYIE AR LR F E AR 2
A DRI EIR . FAZEW)IE ] Be R AR 4
B HERMAZR F(Wu et al., 2010). ik
W E bR R AT DA B 2 B (phosphatase) i
%, ARG 2RI T iES 582 E
% 3L 2 (Peck, 2003; Yang et al., 2004; Kim et
al., 2016; Chen et al., 2017). fER{LIEHEL 22
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AR, WA A SRS P 2 IR e AL
. Y B B BRI K AR, MR
R AT S S50 A AR 1T A A2 BEARAS A8 fk (Laugesen et
al., 2004; Khan et al., 2005; Agrawal and Thelen,
2006; Whiteman et al., 2008; Chao et al., 2014). #f
FURH, TP A A R B AT 5% 455 o 7 114 A 3 %
Gy LR A & A BRI KA (de la
Fuente van Bentem and Hirt, 2007; Prak et al.,
2008; Ke et al., 2009; Wang et al., 2018; Yin et al.,
2018; Zhang et al., 2019). Rk, o<k & A B R
WA AL A, AT A7 77K P s i A S 2L IR
A A2 R T AL o

8 R A A P ks U0 %o T 48 7 o 1 Wl R A AR M 7E
T AL A G Bl IR R AR LR oG B . AR SO 4 LRl
KR ) RS AR I BERR AL I SE ) 7 v, FRB S
B fg, fMEHES %

1 SR
SCH AR AL I B2 B A AR B R .
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® Sigma-Aldrich i 7 : Trizma base (Cat No.
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T6606) . MgCl, (Cat No.M8266). MnCl, (Cat
No.M8530). CaCl, (Cat No.C1016). Glycine (Cat
No.G7126). Ammonium sulfate (Cat No.M8266).
Sodium dodecyl sulfate (SDS) (Cat No.L5750)#l
Ammonium persulfate (Cat No.A3678).

® Amersham pharamaciaiif]: Adenosine 5'-trip-
hosphate (ATP) (Cat No.27-2056-01).

® PerkinElmeriX 71/: [y-’P]-ATP (Cat No.NEG-
502A).

® Invitrogenikjfl: Pro-Q Diamond phosphoprotein
gel stain (Cat No.P33302).

® Bio-Radifjf]: Quick start bradford 1x Dye re-
agent (G-250) (Cat No.#5000205).

® NARDi: Phos-tag Acrylamide (Cat No.AAL-
107).

o [H 25 P il A A PR A w ) 2R BN (Cat
No.10018818). & — %Pl & — %4k (Cat No.
10009717). H'EZ(Cat No.10014118). ZJi5(Cat
No.80000618). Z[&(Cat No.10000218)F17 iz
(Cat No. 10015418).

3 U/EE

® HiJk{L: Bio-Rad Mini IIZE ¥k &4, Bio-Rad
IEF Protean Cell System, Bio-Rad Protean Il XL,

® LJE{Y: Bio-Rad Semi-Dry Transfer Cell.

® XLt KODAK medical X-ray proces-
sor 102,

® k1% Bio-Rad Gel Dryer 583.

® FIfii{: Typhoonié Y:i1#{X9400.

4 LWL

4.1 PPRMLEFICHNEARBERLSEE

DA 7] 437 25 2P AR AT (y- 17 fA 18 ) O ATP Ay Tl i 2
B ik, FEBEE AL TS, H 1 A5 SP R0 I B 1 3 4]
BRI E A Fo P e EE R BN - 5 T
(SDS-PAGE gel) ik 7> B [ MR S I H . X
1B, FH X0t R RO B 52 50R 1l fids e A DU 12
PR o 1%07 152 B BB B AR A B IR A A I 7
%, BAREUE R MR RS0, (EEAA

KIHEE: Y EABBRLORNTE 77

BERRAG A BT S 38 v T2 Ad H

411 SEIEHRE

(1) BERRILI R, 30 pL ik & HE: 50 mmol-L™
Tris-HCIZZ #F i (pH7.5), 0.1 ugifki, 1.0 ugEds, 25
umol-L™" ATP, 1 uCi [y-*P]-ATP, 10 mmol-L™' MgCl,
(BUMNCly. CaCl 5 s BT i 1 H e B 7). 30°C
[ Ri304045H 5, M0 uL 4x SDSKESZErhil & ik
S . 95°C IR M54 B (A8 M . I SDS-PAGE gel
LK 70 B8 I VR S 0 I R

(2) SDS-PAGE gel4r &, ZfiLaemmli (1970)/177
1145 12.5% 70 B IR A4 0% 4 e . BL10 pLibil -
BEMHEAT K . 5680V HE JT A Rf i 78 ok 4 2 v A
2, FRRIm RN RS, HHEZE120 V,
ERE SR TE 2 B R 40 8 o L BRI WIS A% 40 B8 R,
{5 1R HLK

(3) HIZ Dol Yttt hie, 0t i HEURH sl A el et A,
F 0 K B (AN I B e .

(4) Bt BT uedk b, R TRAGETHT . T
(REIE 5 X0 AT I K 5 (B R

(5) W AR R R B A I (0 3R (3)) B AT ik
JEC R PR S AR, JEAT G2 BV 0 A (P11 Hh A
53 R SR A B R R s B A W 45 2R ) o

412 FEEWM

(1) PRAMBEIR 1b S DA R, B S R A &
#i151:10,

(2) 1EH12.5% 57 B IR A BT B 1k 4y + B BN YD
B BRI T . BRI B I E A S TR
N AIE IR FE A B

(3) PRHMNBERRAL AR R, B K [y-?P1-ATP S
RO TEATP IR SRR L N 1:10. B R 00
PR (L AL 14K), WS 238 I A R
[y-*P]-ATP I LLA51 o

(4) MR AT B R, EBUSE B M SR ST &
BIRE . BEBOERIF ARSI, S A [m] ik B o
FE PR 52 18 0 gk HH 3005 3 TR B o

(5) ARG SN B K24 UL I, e S
TR 2 — 2 H R NAR R 5 %A fl 0, BEEA
BRI B, PR LR R (ICIH B 251
# RRiA 30 pL (50 mmol-L™" Tris-HCIZE ik,
pH7.5, 0.1 ugiiEA, 1.0 ugiMEB, 50 umol-L~" ATP,
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+
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Auto-radiography s g— 40
IB with anti-Flag - 40
antibody - 36
IB with anti-His
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Bl JEAZRIE KRG I B EE MPKG S 3/ HE I JES 40 i A4 oM i
I3 Hr

B (MPKB) %8 4 6xHishr . HEMIEYE A (A, BFIC)E
FATFlaghs® . RAMBERRAL SR SE R, SR & i & 1
SDS-PAGE gelJ; % . 28 J5 BEAT BERR AL ISV (K0S B 2 Fe 7 i
(). R ER B () AN (T B )R G2 BTt o3 A 2 7S JEe
Y. W B AEBERR AL S N 1 £ A Bk A B
Figure 1 An in vitro phosphorylation assay of 3 putative
substrate proteins by MPKG6 in Arabidopsis thaliana

MPK6 was fused with the 6xHis tag and the 3 putative sub-
strates were fused with the Flag tag. After phosphorylation
reaction, the proteins in the mixture were separated on a
SDS- PAGE gel. The gel was dried and exposed to X-ray film
(top). Immunoblotting with anti-His and anti-Flag antibodies
were used to show the levels of the substrate (middle) and
kinase (bottom) proteins in the reactions.

10 mmol-L™" MgCLaiMnCl,&CaCl,), 30°C < 5304}
B 55245 )2 i 230 pL (50 mmol-L™" Tris-HCIZE pir
M, pH7.5, 0.1 pgsf 125 ) RS 1 EEB, 1.0 ugli
WEEC, 25 uymol-L™" ATP, 1 uCi [y-**P]-ATP,
10 mmol-L™" MgCLEiMnCl,&CaCl,), 30°C 2 304}
o N0 pL 4x SDSFE S ZZ IR £ 1k v, 95°C I
IS5yl il S (RO ot P A PR 40 8

4.2 Phos-tag gellik-REENTLEENERRB
Bt AE

Phos-tagii 77l (acrylamide-pendant Phos-tag™ lig-
and) /& —F i 5 M 45 & 5 R 5 kSR MR 1L R
b W R F1 R4k &0 (Kinoshita et al., 2007). 75K
F1 A IMn**-Phos-tag &, % 1k & 115 Mn”*-Phos-
tagle B &), 12F M 2 RS RR A 25 1 () H Uk aT
PR, MRS 05 AR R AL 58 B 40 JF (12).
RN RS KR AR ER AL R A (R % R A
() A B AT AR AN RR AL AT ), LUK 2 RS W]

SGIBNR T S ERAAN T LN E S A = I E A
IR Z B ER AL £ S R (AR A B 1k B A
), £ LUK S a8 H S 5 U ST AT e B it
GriT, DRI RERR A S AEBRIRR AL 5 1 BeTT i B R A,
H BT H T I vk A A SN BERR AL B

421 SEIERIE

(1) Phos-tag geliil%: 2 SDS-PAGE gelfil % J5
%, BCH16.0% 75 B8 K (AT AR 43 B 2 1 ) R/ IS 24 1A
BEIRTE), 4.0% RS o 7 il 45 73 25 Fe B 55 i A 20—
150 pmol-L™" Mn?*-Phos-tagi i »

-+ CIAP
Ko} P-form
(o]
c| & None-P-form
2 &
S| O
=
[
@
Q.
@ w
| O |
HE P-form
Q fé') " None-P-form
n

B2 Phos-tag gelfISDS-PAGE gelfLik i, Fuis E1Zmk: il ik
R AL 2R A 0 B T

T B2 (LW Calf intestine alkaline phosphatase, CIAP) R 2
AR R R L] . [ — R RECIAPRR IR (-). 5 (+), B
T% 16 F0 JE B 1R 16 % 2 1) 25 B 42 Phos-tag gel (&) f1SDS-
PAGE gel (T ) HLIK G 1 %)% ERE 7 45 K . 4Phos-tag gel
FLVK, ARINCIAP R bt A RE i 25 AR B R 4 (P-form) A A R
I 2 (None-P-form) 4 i B b 43 71 (- B); ICIAP 5 i iR 1k
T3 R M A EBE R AL T 5k 5 . 2 SDS-PAGE gel ik, &
oA IICIAP &b BRI RE St H, R B BB R AL RN SR B R A T
KAHAHE(TE).

Figure 2 Immunoblotting detection of phospho-proteins in
samples after Phos-tag gel and SDS-PAGE gel separation
Phospho-proteins can be dephosphorylated by phosphatases
(e.g. Calf intestine alkaline phosphatase, CIAP). Protein
samples treated with (+) or without (-) CIAP were separated
by Phos-tag (top) and SDS-PAGE (bottom) gels, and the
specific protein was further detected by immunoblotting. The
P-form and None-P-form of the protein were separated
clearly by a Phos-tag gel (top), while the two forms were not
separated by a SDS-PAGE gel (bottom). The missing of the
upper band and the increasing of the bottom band after
Phos-tag gel separation indicated that P-form protein was
completely dephosphorylated by CIAP treatment.
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(2) Kl 28 4 O SDSHE S BEAT HE UK, HLUK HE R JE N
60 V, FFiRmiEIT R oy B IR 204 #h 5 45 1 H
VKo KSR AT B R AT E . geth, Bl
BB IR (3) AT Sy QAR o

(3) M 2B TR MBS, 1RI7ES A 10 mmol-L™
EDTA (1] i i 22 1 i (49 mL % 5 22 i i in 1 mL
0.5 mol-L™" EDTA-2Na, pH8.0)H, % 4472h107%3 b
PAERREER M. B IR E 20K

(4) 288 PR BT Pt i (3-5F0), ARG H kiR
BEAR S EDTAMEL R phiF, BRIEN1050450.
(5) H Tttt L& B B 2 i IR 2 4 R
13 VHLEEER407 5 o $5 BEZ2 01 i: 48 mmol-L™" Tris,
39 mmol-L™" Glycine, 0.04% SDS.

(6) BEMESE G, 1% HRH 5 v 3 AT 5 PH R0 G 7%
AR

422 EEEWM

(1) REFIBEE AL 1, Mn?*-Phos-tagist 77 (1 5% f: 18
R EA — B2 B AR 0 8 A B AT A I
W e 2R A B % FH5081100 umol-L™" Mn?*-Phos-
tagi il

(2) Phos-tag gelff LIk XUR 5 %ZEDTAFE N .yt 4
FE b R AT BE S A IEDTAT P HL vk 4 5, R UURHFE
HEAT TRAREE , PTEAE S M — B Z FIMNCl, (&4
51 mmol-L™").

(3) H'E Wi th & 5 Phos-tag gel H ik X 3,
U S5 BEIR 3% 5 25 & Mn?* -Phos-tag ik Al UL . ik FE
TOALER AN — B8 - Y 5 7] o A HL DK A0 A i
BEATREEE . BN TCA/RERYTIE L IR

(4) Phos-tag gel L ykET, HEAE I & KA HIK
2 FEUB R R BT S, TG BORE SR BAE
16°C A N AT HLUK (AT 72 JE M B == gk A7)
(5) Phos-tag gel Fi ¥k 45 W 5, AR ¥ Bt Ji )5 1 %
EDTAZE i I ve i 1], & 2B M,
(6) 15 Phos-tagis 71 i B 5 o 8 i3 IR R VR FE B
TEFRATFIFH 4.2.175 25 BR(5) Hh e 32k fr 4 s 2 v i 3k AT
PG, AT AR, SR ARG 7RI
FEEEN, NI R BT 7 I B S A i F B
TERC MM 7 F 5 85 1B 75 NN 5%—10% 1) H i

(7) Phos-tag gelfs i}, il 4 I Marker AN GE FH T
HEW E K EAM S TE, RAefnEBEAcE.
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4.3 BBRACERRRITEEEINE

Pro-Q Diamond & —Fi1 e % 5 & 11 o 11 B34 IR 10 Tk =
K45 A 1% ekl (Agrawal and Thelen, 2005).
2 Pro-Q Diamond %%t [ 5 it i 5 - 3E 475 5 i 52
Wi Y. Pro-Q Diamond e (A 520 e 5 1) &
1 12 PR AR ol s v 5 R o T 2 R P B ) BORL
T 5 A FEL RO AR AN R A S5 I 1R B TR ot AL A
RSB R T 05, 285 FHPro-Q Diamond %t
R g L (E13).

431 Wik

PR F 58 5 P VAR Bz L A1 T DA R 455 IR IR T &
TATR K20 cm. FE18 cm. JE0.1 om ) &t ik 3k 47
Pro-Q Diamond 4+t [ s3I FE 4 R .

(1) F1500 mL [l 5 0 (£ 50% F S A111 0% 2, i i) 7K 7
TN B HEAT 3R B 8, FEIR3053 4l

(2) FH1500 mL% B FKiGveEt 2k, &k155%0 .
(3) f#/H1250 mL Pro-Q Diamond 4Lyttt 1z v i) i

AL (AT e, EIREDLAM TRER S Y02
NI

(4) F1250 mL (43 (£ 20% 25 1£150 mmol- L'
B4, pH4.0) Bt b AT 4R B €, BEIR304 41

(5) HEB /KB, K105 8.

(6) HTyphoon 94107 A O B AT UL
(7) S Pro-Q Diamond e i &k i 75 ¢ e 34 58 B
J e A R P e R (RS B IR A AT AR B IR A iR
(1), % FH blue-silver 4« 4% (% 0.12% CBB
G250. 10%MnIR%%  10% MR A120% I ) 7K V490
X e v BT R B AT Y, H4A S Il Candiano%s
(2004) 1 77 ¥

(8) #ett )5, FIUMAX-20004 Hi A3 %t e 3t 47 4314,
R RE AT EE .

432 FEEWM

(1) BAVKIBL, 35 FEHPro-Q Diamond 44k} et 7
B SRR Gkl LT TR 2 5, (3 #6RE )5 1 Pro-
Q Diamond4e bl et f5, BERE St B oMt
BE 32D VI FE AR, ORI 4 S T T Bl

(2) 7E1# HPro-Q Diamond %k} id F2 b 45 7™ k%
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<—— SDS-PAGE

Pro-Q staining

<«—— SDS-PAGE

Blue-silver staining after Pro-Q staining

B3 R T4 v A B UL R LUK R 1k 58 1 Pro-Q Diamond 4t tufsril 43 #r
2R IT It B BRI N R B Bk 4 25 ), FH Pro-Q Diamond i I iR Ak B (kAT Yt (2 1) RS IR IR T

T i 15 Y i (blue-silver staining) (45 ).

Figure 3 Pro-Q staining assay of the phospho-proteins in total proteins extracted from Arabidopsis thaliana seedlings and

separated by a 2D gel

Two-week-old Arabidopsis thaliana seedlings were used for total protein extraction. The total proteins were separated by a 2D
gel and the phospho-proteins were stained by Pro-Q (left). The gel was scanned with a Typhoon 9410 fluorescence scanner, and

then stained with blue-silver to visualize the proteins (right).
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Protocols for Analyzing Plant Phospho-proteins

Dan Zhu, Hanwei Cao, Yuan Li, Dongtao Ren’
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Abstract Protein phosphorylation is one of the important protein posttranslational modifications that is involved in the
regulation of most cellular processes in plants. Protein kinases catalyze the phosphorylation by transferring the phosphate
group in ATP to the substrate proteins. The phosphate is usually covalently linked to the hydroxyl group of specific amino
acid residues in the substrates by an ester bond. The mostly studied phosphorylation sites are serine, threonine, and
tyrosine residues. Here, we present protocols and related tips for the in vitro and in vivo protein phosphorylation assays.
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