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Interaction between wheat cysteine-rich receptor-like kinases TaCRK2

and translationally controlled tumor protein TaTCTP
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Abstract: TaCRK?2 plays a positive regulation role in the hypersensitive reaction induced by Puccinia triticina
infection of wheat. To further understand the role of TaCRKZ resistance to Puccinia triticina infection, the
translationally controlled tumor protein (TCTP) was identified as a potential interaction protein of TaCRKZ2 by using
tandem affinity purification and mass spectrometry (TAP-MS) technology. However, there is still no experimental
evidence for the interaction between TaCRKZ2 and TaTCTP. In this study, DUALmembrane system yeast two-
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hybrid and BiFC experiments were used to verify the interaction between TaCRK2 and TaTCTP. Through the
DUALmembrane system yeast two-hybrid, it was found that yeast NMY51 with both TaCRK2 and TaTCTP could
grow on a defective medium. By BiFC experiments, it was found that the fluorescence signal of the interaction

between TaCRK2 and TaTCTP occurred on the endoplasmic reticulum membrane of tobacco epidermal cells. This

study lays the foundation for a deep understanding of the mechanism of TaCRKZ2 in the hypersensitive reaction

induced by Puccinia triticina infection of wheat.
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RZAREHHF (Receptor-like protein kinases,
RLKs ) J& 18 %) & M Rk b i KRG, E5
EfE e R G 2 XEZEMEM. &% EREAR
B 25 Z K 4 B ( Cysteine-rich receptor-like kinases,
CRKs ) s RLKs i KI5 % . $LHL CRKSs Jif]
SNER 2 AN HABURTE PR DUF26 258950 ( Domain
of unknown function 26, DUF26) "'/, DUF26 44
WALE 3AEMERR (C-Xn-C-X2-C) HIRSFIFF,
Al BEAE R B A SR T P TS AR AR, R W] CRKs ]
e Z 35 P4 (Reactive oxygen species, ROS)
AR, T ROS JEAH Yy e 1 25 F i 158 i 2 [ () 0%
FF, XEMWE CRKs 1] BETE 2 A rid b 2 A ke
HwEMEH.
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AN S 2 0 5 RNA-Seq 43 #7143 B se ke T /N h s
B2 e R 125 52 R 2 ( Cysteine-rich receptor-
like kinases2, TaCRK2 ) , FJJH VIGS F1 RNAi 4% A&
DU TaCRK2 J& S 8U N HRANH 5 0 g ST AR
fif B R IR R alifl - ik 25 %€ (TAP-MS) $0K,
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JerU A I ) e A AH B AR I . Zhang 58 AR
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LA /] DUALmembrane 4t 0] LA 5 ME 6 (1) 56 UE



18 b I A |/ N o= < 4

543 &

TaCRK2 5 TaTCTP A EAEH]
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1.1 EYMSEEM R

INFE ( Triticum aestivum L. ) T4 3L R & Telr26
5 M0 ( Nicotiana benthamiana ) Y5 5 7K 5L &
KRR . /N ( Puccinia triticina )
AN 260 5 TeLr26 A ER A, F YRS
il KM 53897 HEAT/INAZ M DA B

TeLr26 /NE4TEAE 23 ~ 25 CHRZEhEsE, 7 H
U7 TeLr26 HeRh/INAZ 45T A= B/ NRH 260, AR 47 Qiao
()5 AR/ INAE BB 5 B o AR AR REAE 23 ~ 25 °C
PR P 3R K2y 30 d, ol RATESTRATH, #E17T
A FHECH MRS, A Sparkes 2 14 77 B A
N
1.2 RIS MAEK

F| A primer premier 5.0 3% 4, #R #§ TaCRK2

( GenBank %3¢ 5. MK424819) #F M T4, ¥
T EA Sf TR A7 A5 0 3 R AR S 5 19 Y2H-
TaCRK2 F/R Fil 2.4 Sal 1 F1 Kpn 1 BR i ¥4 47 5 1
B R $ 051 ¥ BIFC-TaCRK2 F/R, #R4lE TaTCTP

( GenBank % 3% 5. 542949) ¥R ¥ 5, Wit
W ELAT Sfi T BRI A A 3 R A S M S Y2H-
TaTCTP F/R 1A Sal 1 Al Kpn 1 FR i 1 457 o5 1) 3
R4 PS4 BiFC-TaTCTP F/R, & M13 F/R 4},
HASIM¥ M LA TAY) TR AR MRS A R A
HRO(FRD)

1.3 HHEIRY i

167 B /N2 b B 3R 2R Puccinia triticina
A NF 260, 7ERERP 48 hEFERUEE , A1 FH Trizol (4E T,
) BT EE SR BUR RNA, K35 TaKaRa J 5% 5 i
7% PrimeScript™ RT reagent Kit with gDNA Eraser
(TaKaRa, Ki% )& cDNA. LLiZ cDNA JHiti,
M54 TaTCTP F/R, i F 75 {4 EL i PrimeSTAR"
Max DNA Polymerase (TaKaRa, K & ) ¥ 3 15 2|
TaTCTP 4% X, A 507 bp, % 4% 5 7 B4

{& pEASY-T1 (44, dtst) L, FIFHSI4 MISF/
R i 16 B S, 0 b S R SR TR B 53 A B
Al 5EM. J#id 5° RACE H AR STHEMS S TaCRK2 4y
KAk 1482bp 7,

1 KEFASIY

Table 1  Primers used in the study
Gl FEl (5" =37 ) eI £
Primer Sequence (5 -37 ) Restriction ite
Y2H- Sfil
TaCRK2 F GGCCATTACGGCCATGCCTTCTTCCACCTTG
Y2H- Sfil
TaCRK2 R GGCCGAGGCGGCCTCAAGCCAGCGT
BiFC- Sal T
TaCRK2 F CGTCGACATGCCTTCTTCCACCTTG
BiFC- Kpn1
TaCRK2 R GGGTACCAGCCAGCGTCCAGCAAGA
Y2H- Sfil
TaTCTPF GGCCATTACGGCCATGCTCGTGTACCAGGA
Y2H- Sfil
TaTCTPR GGCCGAGGCGGCCTTAGCACTTGA
BiFC- Sal T
TaTCTPF CGTCGACATGCTCGTGTACCAGGA
BiFC- Kpn1
TaTCTPR GGGTACCTTAGCACTTGACCTCTTTCA
TaTCTPF ATGCTCGTGTACCAGGACAA
TaTCTPR TTAGCACTTGACCTCTTTCA
MI3F GTAAAACGACGGCCAGT
MI3R CAGGAAACAGCTATGAC

Vo * R RIS A
14 BARIHEEHHE

h ¥ @ TaCRK2 1 TaTCTP DUALmembrane %
Be R RS BRAAR, P B SS T BRI o7 aii i)
RUE S5 |9 Y2H-TaCRK2 F/R I Y2H-TaTCTP F/
R (£ 1), ¥'1 TaCRK2 Fl TaTCTP WIS IF5, ¥
PHE P EAT BN MR E S FL UK, SanPrep A
DNA Ji&E ik & (AT, B ) Bk H A R B,
H i A Bt 5 2% /& pPR3-N Fll pBT3-N £ Sfi 1 JE17 i
YIJ5, F Solution I DNA %4515 4%, RIGH:
LB KFFE (Escherichia coli) DHS o JE&Z A,
X A5 3] 1) BH P o B SR AT U0 30 TE R . DY 2
JH DNAMAN # 47 Hext 434 o

okt TaCRK2 F1 TaTCTP 3556 6 H AMRIK
il B AT Sal 1H1 Kpn 1Rl 07 83 A Jik PR R 5 1 5
¥) BiFC-TaCRK2 F/R il BiFC-TaTCTP F/R (¥1), ¥~
1% TaCRK2 1 TaTCTP 44751 . 1348 594 DUAL-
membrane F 4L ELE A AUAKAIR], A FIE LTI
2H FORLIE i POBOE AL BINR AR AT R (GV3101)
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1.5 DUALmembrane RFEEEEWHR

ffi FH PEG/LiAc ¥ % fb. ¥ £ NMY51, pPR3-N
I pBT3-N K 75 #k {& X%} &, pPR3-N Fl pBT3-N-
TaCRK2 . pPR3-N fil pBT3-N-TaTCTP Ky FH ¥ X} 1,
K 2 ASFEER A A #0% . pPR3-N-TaTCTP Al pBT3-
N-TaCRK2 H: % {k . pPR3-N-TaCRK2 Fl pBT3-N-
TaTCTP 3G A0 A i 56 21 . % 8 21 s 7% 1 5]
NMY51 BERHERSZ AR, B ER AR T 5 A AL —
(SD/-Leu/-Trp) ¥535%E [, 28 “CEI'E R 3d, PRHL
R B RA TR BRI IE TR, 28 CHRi 15
F%, HZE OD;s KZN 0.6, FHXZEKFGFEZE OD;y,
0.2, B BT R TR R TE Bk, =Bk (SD/-Leu/-
Trp/-His) FIPUEkE (SD/-Leu/-Trp/-His/-Ade) 5573
I, 28 CRIE;IE 3 ~ 4 d 5 WEIFHAME.
1.6 MHFRHEL

TEMR R v, SR H 0y 2 R AY E2 JBRL
W P R ik X 43 i # 47 A pSPYNE. pSPYCE,
pSPYNE-TaCRK2, pSPYCE-TaCRK2 . pSPYNE-
TaTCTP HI pSPYCE-TaTCTP # #H 5 %7 ) GV3101
PP AT G55, 4 000 t/min, 15 min B0,
JIT A5 TR A A= G 22 oh il (110.06 g/L MES. 0.76 g/
L Na,PO,. 5 g/L #ij % ¥ . 0.1 mmol/L AS) ¥t %,
PP AR G 22 vh i B R AR, 1 ODg fH 24 0.6,
5 #E4 A pSPYNE il pSPYCE-TaCRK2, pSPYNE-
TaCRK2 1 pSPYCE. pSPYNE Hl pSPYCE-
TaTCTP. pSPYNE-TaTCTP F1 pSPYCE. pSPYNE-
TaCRK2 Fl pSPYCE-TaTCTP. pSPYNE-TaTCTP Fil
pSPYCE-TaCRK2 WA ¥14% 1+ 1 By LR &,
SRIGTESTARE, 7% 48 h J5 i FH OB #3348 B
B (OLYMPUS FV1000, HA) #Hf7FWEI:4108

2 HR G
2.1 DUALmembrane Z& BB W L 32 FAK R
Pl pPR3-N Al pBT3-N SN2 {4, i H 5l D) i
14 7 DUALmembrane £ 4t % Bf W 4 38 #44
5% Y2H-TaCRK2 F/R ¥4 TaCRK2 4mfih X,
ffi 1151 %) Y2H-TaTCTP F/R 4" 54 TaTCTP % {5 X .
F S 1 ¥ H iy 5E #3840 4K pPR3-N il pBT3-N
Y, FHIEHERGEATIE S . Fefk 3] DHb o /B2 84
JifHh  FE R 2 1482 bp( K] 1-a, b )F1507 bp( Kl 1-¢, d)
Ab I ) B kA, 45 R R W] TaCRK2 Il TaTCTP

[ ) DUALmembrane 3 4t 7 £ X 4% 38 78 44 #) 4t
W

pPR3-N-TaCRK2 ~ pPR3-N-TaCRK2 pPR3-N-TaTCTP pPR3-N-TaTCTP

M1 2 M3 4 M5 6 M7 8

d
##¥: M: DL 2000 DNA 43 F45icd; 1: pPR3-N-TaCRK2 JFiki;
2: pPR3-N-TaCRK2 FiRifFV) v Bt; 3: pBT3-N-TuCRK2 Jih;
4: pBT3-N-TaCRK2 JFi ki VI Bt ; 5: pPR3-N-TaTCTP Jiiki;
6: pPR3-N-TaTCTP FURLfGY) B 7: pBT3-N-TaTCTP Jivk;
8: pBT3-N-TaTCTP Fokififitl i Bt .
1 DUALmembrane R4 W HEWES]EE

Fig.1 Restriction enzyme digestion of the DUALmembrane

system yeast two-hybrid vectors

2.2 WHFRABEIEHFHHE

fdi J1 5] 4 BiFC-TaCRK2 F/R ¥ 14 #¢ Sal 1 #l
Kpn 1 FYINL 23 TaCRK2 4t X, #7514 BiFC-
TaTCTP F/R ¥ % #F Sal 1 1 Kpn 1 i ¥ £ A& 19
TaTCTP %ifi% 1%, ¥ H 3L TaCRK2 F1 TaTCTP 5
FIR#H A pSPYNE H1 pSPYCE i Sal 1 F1 Kpn 1 Wi
VI, WG HATE: . 163 DHS o B2 540
o, SRR, TERZ 1482 bp (& 2-a, b) Fil 507
bp ([ 2-c, d) bk E] B4, £ TaCRK2 f
TaTCTP B A5 2E H AN HE L) o

pSPYNE-TaCRK2

pSPYCETaCRK2 pSPYNE-TATCTP  pSPYCE-TATCTP
M5 6

M1 2

M3 4 M7 8

bp
bp 2 000!

F i %§§

a ) C a
:: M: DL 2 000 DNA 4> F#ric; 1: pSPYNE-TaCRK2 Jiihi;
2: pPR3-N-TaCRK2 it ki1 i BL; 3: pSPYCE-TaCRK2 Jiiki;
4: pSPYCE-TaCRK2 Fikif V] i Bt; 5: pSPYNE-TaTCTP JFiki;
6: pSPYNE-TaTCTP BTkLfFY) v Bt; 7: pSPYCE-TaTCTP Jiiki;
8: pSPYCE-TaTCTP JFAi iy F Bk
B2 WHFRAEMEEHNEIIEE

Fig. 2 Restriction enzyme digestion of the bimolecular

fluorescence complementary vectors
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2.3 TaCRK2 5 TaTCTP #HE{EF A DUALmembrane
RGBT NS

fE SD/-Lew/-Trp (-LW ) A3 F5 % I+, pPR3-N
1 pBT3-N 25 # & . pPR3-N Fl pBT3-N-TaCRK2 1k
& {k,. pPR3-N Hl pBT3-N-TaTCTP It % {f, . pPR3-
N-TaTCTP Fl pBT3-N-TaCRK2 It %% ff . pPR3-N-
TaCRK?2 F1 pBT3-N-TaTCTP 355 fk, 1y % £ ¥ 1F &
Ak, JFHHAERKRESEA B, 78 SD/-Leu/-
Trp/-His (-LWH ) #5355 |-, HA pPR3-N-TaTCTP
M pBT3-N-TaCRK2 #t % {f,. pPR3-N-TaCRK2 #il
pBT3-N-TaTCTP L5 AL I BE IE A4 (LA 3) .
1£ SD/-Leu/-Trp/-His/-Ade (-LWHA ) £i3E5E [ H)4E
ARG SD/-LWH A 7756 AR KORBLEEAR —
., S5 P TaCRK2 5 TaTCTP fERE P A4 T
FHEAEH.

AD- BD- -LWHA

-LWH

H
s

TaCRK2

TaTCTP

TaTCTP TaCRK2

]

p
o R e

B 3 DUALmembrane R4Es N3 #illl TaCRK2 5
TaTCTP HJHEHEEHR
Fig.3 DUALmembrane system yeast two-hybrid detection

of TAaCRK2 and TaTCTP interaction
2.4 TaCRK2 5 TaTCTP B E/E A KN4 F % &
B MR a4

FETEB: 240 it TaCRK2 5 TaTCTP B A& A #H B
YER, BT i#E— K TaCRK2 5 TaTCTP &7 4%
TEAEP AN AR EAERT, A T F9O0 B AMA S 59
IE TaCRK2 5 TaTCTP 74 4 & 20 g o (9 A0 A
¥4 #5 F TaCRK2 5 TaTCTP ) pSPYNE Hl1 pSPYCE
A R B [ O SRR R e, IO R R R AR

TaCRK2 TaTCTP

B ULEE, 45 B R, TaCRK2 Fl TaTCTP 3 [A]
A S N ) 8 =R T 1 B
SHAXT B AR R A DO (K 4) , HahFE5m
A3 A R AE 5 BT IXT TaCRK2 HE47 04 W0 200 Jfd 532 o7 235 SR
ALY . 45 S % W], TaCRK2 5 TaTCTP A]
DITER Y A A BAE T, T TaCRK2 52 T4
WSS, T LA 3 A AH BV AR 7T BE & AR AE N B
L

ps Uik7 =l
Merge

Fluorecense Bright flied
DR A

pSPYCE-TaTCTP
pSPYNE-TaCRK2

pSPYCE-TaCRK2
pSPYNE-TaTCTP

pSPYCE
PpSPYNE-TaCRK2

pSPYCE-TaTCTP
pSPYNE

pSPYCE-TaCRK2
pSPYNE

pSPYC
pSPYNE-TaTCTP

A g 5 S B o1 B i s e y 4 " ks
: L A . P e 3
¢ R - » . 3 ; p -
A . & “ i 3 !
% g B A . . o P %
“ % v \' & . X 3
o > % & A . r P
A 02 y i 5 F : o

) - A » - )/ 5 - > e

S i A " Y Al A &

B4 WHFRAEGT TaCRK2 5 TaTCTP WHEEIEA
Fig. 4 Bimolecular fluorescence complementary detection
of TAaCRK2 and TaTCTP interaction
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FE ) 38 3 0 L TR AR ) B T, O BT B
TN, A 340 B & A AU R ( Hypersensitive
reaction, HR ) , AT J5 1 19 2 (K A2 B0 17
BE4iEW Ca® fE G50 F& H5ME/NE - 4
B HR B9 A N SR, Ca”t il i 4
HR i ANV RE o A< BRAZH Fir 0 B 5 S 4H 43 i A 0
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— AN Ca® JEEE L TaCRK2, DL Ca® iy
A PE N XSS B . CRK & RLKs Y
GRS , AE A PP 1 A A AT T v ke A
FH. 7€ 1 % " AtCRK4. AtCRK6 il AtCRK36 [{)
1t IR FHOGR T A R M P A BT s s, JF H
ST IS AN PTT B A E T . AtCRKI3 i
Tk oESAsET: L H A ALY CRKs 2
554 iy ae R A W 1 38 B VR FHBLATE AN Z
AtCRK36 1)1 Fe A AR 22 90t w5 U MR A B T
5 BIK1MIEAEF, /-5 ROS P2, S S AL Pt >,
AtCRK28 TR RE AT Pt R ah i 7 % T 75 1 o 46
FIBLTE, M B bR 21k ArCRK28 W] LA S 4i g
BET-, AtCRK28 BEWS F1 BAK1-FLS2 & & 14K 5 3 2%
EWBF TR, FHRMMIET: L AR P
DUALmembrane £ 4t BEH)} X 24 22 Al BiFC i 46 ik B
T TaCRK2 5 TaTCTP Z [ fE7EAH EAE M .

TaCRK2 & FE M |-, TaTCTP x& fi T4
Ml R IR A% . 3# 1t DUALmembrane £ 45 7Lk R 2y
ZUAE TaCRK2 5 TaTCTP fEEA BEAEH G, i#F—
A BIFC 3 50 76 105 40 i 7y A B ER B8 v s A7 B
A EAER, 2558 88 TaCRK2 5 TaTCTP
(4 FR B AR FH 0T B8 &k A= 7E 9 B B |, U TaTCTP
Al BEFE TaCRK2 % /N 22 HL B i 45 B 4= 44 15 5 HR
555 Mg RIER , 25N {E 5 ks,
A=W LW R A FriE— 55T, T —410
A 38 2o 328 T AR HE— 25 B o TR
TEAEH AR, BTIBESE 0 TaCRK2 11 38 it 45 ) ol i
T AR OB (VID I VID) 1, BB 4 TaCRK2
5 TaTCTP A BAE AT,  BAF AL &SRR A 2
WL E 5, © 41 TaTCTP Fl TaSnRK 1 7E76 A B AR
FHU) ) G HEI TaTCTP W] REME MRS IR LS bR, ¢
TaTCTP I TaCRK2 Z [A]#47{5 51516, {H TaCRK2
JE 755 TaSnRK1 & A AH B AE FIAN 75 22050 50 0E
IX 4 ) B 7 R AT B T 98 3% TaCRK2 2 5/ 4
L85 2 Y5 S HR 1915 S5 SHLH . ELUR
WE 5% ks ) VIGS T RNAG 3 AR U1 2R TaCRK2 |
TaTCTP S — & RIS IOBR, WOER Ik PR TR 45 7
KB X HR B, XFH E R R TS
Tt {37 15 2 738 ik — E WFSY TaCRK2 5 TaTCTP AHH AE
FHAYSE B, 53X N B I TaCRK2 I8 45 B 4= Y /N 22
J5 15 % HR 0970 FHUHI B 1 H 2Rl , JRXT 4w

b 1) B TaCRK2 FE AR S e i At v ) A AL A LA
AP NS RRE

SE
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