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Structure Prediction and Function Analysis of TAK Kinase in Arabidopsis*

JIANG Jiahong', WANG Dong', HU Yuan' & DU Linfang" ***
(‘Key Laboratory of Ministry of Education for Bio-resources and Eco-environment, College of Life Sciences, Sichuan University, Chengdu 610064, China)
(Clnstitute for Nanobiomedical Technology and Membrane Biology, Sichuan University, Chengdu 610041, China)

Abstract TAKI1, TAK2 and TAK3 belong to TAK kinase family and are nuclear-encoded kinases. TAK1 is involved
in the phosphorylation of LHCII and the state transitions. Few studies on the structure or function of TAKs have been done
because they are membrane combined proteins. In this research, TAKs were studied using a systematical bioinformatical
method and all the members of TAK kinase family were found with a hydrophobic N-terminal connected with a
transmembrane region located in thylakoid membrane and a hydrophilic C-terminal (kinase catalytic domains) on the stromal
side of thylakoid. Lots of sequences which contained the same TyrKc kinase catalytic domains with a similarity more than
30% were found in PDB, and three dimensional structures of core domains of TAK1, TAK2 and TAK3 were then predicted by
using homologous modeling method. The analysis of the relationship between the structure and function of TAKs provided the
foundation for further studying the functions of TAK1, TAK2 and TAK3. We designed an antibody on the base of prediction of

the three dimensional structures, and its western blotting showed that there was an immunoaffinity reaction. Fig 5, Tab 1, Ref 15
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Fig. I Hydrophobicity analysis of TAK1, TAK2 and TAK3 proteins by programme ProtScale ( Hphob Kyte & Doolittle)
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Fig. 2 Transmembrane region analysis of TAK1, TAK2 and TAK3
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Table 1 Motifs in TAK1, TAK2 and TAK3 analysis by using Prosite programme

Motif TAKI TAK2 TAK3
53~56, 63~60,
ASN_GLYCOSYLATION 268171 82~85 0
GLYCOSAMINOGLYCAN 122~125, 126~129, 448~451 124~127 132~135
cAMP_PHOSPHO_SITE 445~448, 462~465 436~439 0
50~52, 59~61, 151~153, 270-272, 48~50, 103~105, 143~145, 313~315, 50~52, 113~115,

PKC_PHOSPHO_SITE 322~324,360~362, 385~387,
402~404, 405~407, 460~462
137~140, 151~154, 363~366,

CK2_PHOSPHO_SITE 385~388, 441~444, 470~473

27~32, 117~122, 123~128, 249~254,

MYRISTYL 269~274, 315~320, 449~454
PROTEIN_KINASE ATP 168~190
PROTEIN KINASE ST 285~297

351~353, 393~395, 438~440 151~153, 321~323

2~5, 107~110, 116~119, 143~146,
438~441
29~34, 113~118, 125~130, 176~181,
260~265, 306~311, 376~381,

117~120, 124~127, 151~154

31~36, 174~179, 184~189

456~461
160~182 168~190
276~288 284~296
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Fig. 3 Neighbor-joining tree of Arabidopsis thaliana protein kinases
Sequences of the protein kinases were retrieved from EMBI database. The
sequences were aligned by using the ClustalW program, and the resulting
alignment parameters were used to construct the phylogenetic tree using
MEGA program. Bootstrap values were calculated for 500 replicates and
were shown on branches. Branch lengths reflect the evolutionary distances
indicated by the scales
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Fig. 4 Three-dimensional structures of core domains of TAK1, TAK2 and TAK3
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Fig. 5 Dentification of anti-peptide antibody for TAK1
A, SDS-PAGE of thylakoid membrane proteins; B, Immunoblots of TAK1

398

FEY) R AT R R R SR, B EE SRS
WY, MRS R AR R MY E ST
AcFh, HRT7E LR IT Tk & AT 638 55 L2 E R/ S A R R I
fitg 7 5. 3 W Wy R AL S SE BR Fh 4y M 32 (1) 2 &R/
SRR I, (2) BRI, (3) 41 R R M.
24 R /TR R E E AR EAL _E n , Z2 R R R
P T 5 R A 1 SR ) R ST X SR A AR BN, ELA AR R
B 3 PR L, AN RE T A i B S ) S R AR AT X 43 B
I BRADL R S H A T R S TN 7 A S TNS 2 J&8 T 224
TR /9 S R 2 P B, XIS B AR R AL T R AR R R
i pk J 100, IR FF M £, TAKUR T 2R/
T A5 IR, DRI S B 0L P O 22 R/ R A U 1 2 D
AR T R A A A B R R A (ELR AL
B = g5 AT & B, PDBHE R B T LM ST
30% 88 A1, Herp R 4040 A 1 S R 4 P e, DR
TR 1% < DX 3 ) 3 T A KR i 1] T 6 0 IR B R 0, K AR
RS R W ooR . TAK2 5 TAK3TE#EL T hndei, {R57
AR R E190 %, J8 T 22 Z 02 /5 2R 5 1 5%

MY EAPSTHPST B e RS0, k4 #y K (6 2 41



614 N5 A 2 i

Chin J Appl Environ Biol 15 %

W25 5 T BO Ok BE IO TR IR A, RS
Y4 (State transitions) & — R0 NI 5O RE 4 FL Y
PR B, LHC T AR o] 386 i R A 2 IR S e 4 & A6 i S 22T
&, SFAREA AR A A RLHC TR IL Y I 5 Cyt b f
BHWEES, IR gk Sl A ) A0 18 JFIR 25 AH 0,
R XHTAKIZ 5 TLHCI & B R AL AR S5 901, 5
HFEAY . A A TAK2 5 TAK 3, ATREt H A AR )
fg. REENE S AR A R R, TAKIA 3 M TAK2 A
TAK3EH 64, HaMr &5 R 8RBT N i, FHit
TAK sHVATHEASAE LB 5038 B FE T A 5.

S EA A T 22 R 98 E R R PR AH L, TAK s
il %00 DX B 00 O S 1 v EL SEARSS F AL, R B RN
ity 15 o E Sk T 11 C oty il 3 BB IX i . (HREMINAHK AW
Bt TAK1S TAK 2B O A NG AR & 44 p-3r B Al o- 12
i€, TAKIMITAK2BYATPEE & B0 T-455160~190107, 1M
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