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The structure prediction of SAPK9 and its function in ABA-signaling pathway leading to 
gene expression in Oryza sativa 
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Background 

•   › Eukaryota 
     › Viridiplantae 
       › Streptophyta 
         › Streptophytina 
           › Embryophyta 
             › Tracheophyta 
               › Euphyllophyta 
                 › Spermatophyta 
                   › Magnoliophyta 
                     › Liliopsida 
                       › commelinids 
                         › Poales 
                           › Poataxonomyceae 
                             › BEP clade 
                               › Ehrhartoideae 
                                 › Oryzeae 
                                   › Oryza 
                                     › Oryza sativa 
 

图片引自中国作物种质资源信
息网http://icgr.caas.net.cn。 

Rice Taxonomy 

http://www.uniprot.org/taxonomy/2759
http://www.uniprot.org/taxonomy/33090
http://www.uniprot.org/taxonomy/35493
http://www.uniprot.org/taxonomy/131221
http://www.uniprot.org/taxonomy/3193
http://www.uniprot.org/taxonomy/58023
http://www.uniprot.org/taxonomy/78536
http://www.uniprot.org/taxonomy/58024
http://www.uniprot.org/taxonomy/3398
http://www.uniprot.org/taxonomy/4447
http://www.uniprot.org/taxonomy/4734
http://www.uniprot.org/taxonomy/38820
http://www.uniprot.org/taxonomy/4479
http://www.uniprot.org/taxonomy/359160
http://www.uniprot.org/taxonomy/147367
http://www.uniprot.org/taxonomy/147380
http://www.uniprot.org/taxonomy/4527
http://www.uniprot.org/taxonomy/4530


Function of ABA  
 

1.developmental processes 

  

2.adaptive stress responses to 
environmental stimuli 

 

3.Cellular dehydration during the seed 
maturation 

  

4.control many dehydration responsive 
genes in vegitative growth stages .  

 

 
         (Yasunari Fujita et al.,2011) 

 



While a large number of 

signaling factors have 

been identified that are 

involved in stomata 

regulation by ABA, 

relatively less is known 

about the ABA-signaling 

pathway that leads to 

gene expression. (Yuhko 

Kobayashi et al., 2005) 



SnRK2 family members 

• plant-specific serine/threonine kinases  

• in plant response to abiotic stresses  

  abscisic acid (ABA)-dependent plant development.  

• SnRK2s have been classed into three groups: 

  group 1 comprises kinases not activated by ABA  

  group 2 comprises kinases not activated or activated                    

very weakly by ABA 

  group 3 comprises kinases strongly activated by ABA.            
                               (Anna Kulik et al., 2011） 

 



SnRK2 family in Rice 

• all members of the rice SnRK2 family, designated SAPK1–

10,are activated in response to hyperosmotic stress via 

phosphorylation by an unidentified upstream protein kinase, 

and that SAPK8, SAPK9 and SAPK10 are also activated by 

ABA       (Kobayashi et al., 2004).  



Our goal 

• SAPK9 3D Structure 

• SAPK9 function in ABA-signaling pathway 
leading to gene expression 



SAPK9 Primary Structure Analysis 

• The CDS OF SAPK9 GENEBANK     JF733767.1 
 
>gi|332806313|gb|JF733767.1| Oryza sativa Japonica Group cultivar 9804 serine/threonine-protein 
kinase (SAPK9) mRNA, complete cds 
ATGGAGAGGGCGGCGGCGGGGCCGCTGGGGATGGAGATGCCGATAATGCACGACGGTGACAGGTACGAGC 
TGGTGAAGGAGATCGGGTCGGGGAACTTCGGCGTCGCCCGCCTCATGCGCAACCGCGCCTCCGGCGACCT 
CGTCGCCGTCAAGTACATCGACCGCGGCGAGAAGATTGACGAGAACGTGCAGAGGGAGATCATCAACCAC 
AGGTCGCTGCGCCACCCCAACATCATCCGATTCAAGGAGGTTATTCTGACGCCGACGCATCTCGCGATCG 
TCATGGAGTACGCCTCCGGCGGCGAGCTCTTCGAGCGCATCTGCAGCGCCGGCCGCTTCAGCGAGGACGA 
GGCTCGTTTCTTCTTCCAGCAGCTGATATCTGGAGTTAGCTACTGCCATTCCATGCAAGTATGCCATCGT 
GACTTAAAGCTGGAGAACACTCTGCTAGATGGAAGTACTGCTCCTCGCTTGAAGATATGTGACTTTGGTT 
ACTCGAAGTCATCGGTTCTTCATTCACAACCAAAATCAACAGTTGGAACTCCAGCTTATATTGCTCCAGA 
AGTTTTGCTCAAGAAAGAATACGATGGAAAGATTGCCGATGTTTGGTCATGCGGTGTGACGCTCTACGTG 
ATGTTGGTTGGCGCATACCCTTTCGAGGATCCTGAAGATCCCAAGAACTTCAGAAAGACAATTCAGAAAA 
TATTGGGTGTTCAGTACTCAATTCCAGACTATGTCCACATATCTCCGGAGTGCCGCGATCTCATTACGAG 
GATTTTTGTTGGCAACCCAGCTAGTAGGATCACCATGCCTGAGATAAAGAACCACCCATGGTTCATGAAG 
AACATCCCGGCTGACCTCATGGATGATGGCATGGTTAGCAATCAGTACGAGGAGCCTGACCAGCCGATGC 
AGAATATGAACGAGATCATGCAGATACTGGCAGAAGCAACAATTCCAGCAGCAGGCACCAGTGGAATCAA 
CCAGTTCTTGACTGACAGCCTTGACCTCGACGACGACATGGAGGATATGGACTCGGACCTTGACCTTGAC 
ATTGAGAGCAGCGGAGAGATCGTATATGCCATGTAA  
 
 

1086bp 



protein 

• >SAPK9 

MERAAAGPLGMEMPIMHDGDRYELVKEIGSGNFGVARLMRNRASGDL
VAVKYIDRGEKIDENVQREIINHRSLRHPNIIRFKEVILTPTHLAIVMEYASG
GELFERICSAGRFSEDEARFFFQQLISGVSYCHSMQVCHRDLKLENTLLDG
STAPRLKICDFGYSKSSVLHSQPKSTVGTPAYIAPEVLLKKEYDGKIADVWS
CGVTLYVMLVGAYPFEDPEDPKNFRKTIQKILGVQYSIPDYVHISPECRDLIT
RIFVGNPASRITMPEIKNHPWFMKNIPADLMDDGMVSNQYEEPDQPM
QNMNEIMQILAEATIPAAGTSGINQFLTDSLDLDDDMEDMDSDLDLDIE
SSGEIVYAM 

 

Evidence at transcript level    361aa 



The analysis of  AA in the SAPK9 

 
• Molecular weight = 40628.32     

• Residues = 361    

• Average Residue Weight  = 112.544   

• Charge   = -16.5  

• Isoelectric Point = 4.5669 

• A280 Molar Extinction Coefficient  = 28020    

• A280 Extinction Coefficient 1mg/ml = 0.69       

• Probability of expression in inclusion bodies = 0.682 

 

 

 



• Residue  Number  Mole%  DayhoffStat 

• A = Ala  22  6.094    0.709    

• B = Asx  0  0.000    0.000    

• C = Cys  6  1.662    0.573    

• D = Asp  29  8.033    1.461    

• E = Glu  27  7.479    1.247    

• F = Phe  13  3.601    1.000    

• G = Gly  24  6.648    0.791    

• H = His  9  2.493    1.247    

• I = Ile  30  8.310    1.847    

• J = ---  0  0.000    0.000    

• K = Lys  16  4.432    0.672    

• L = Leu  28  7.756    1.048    

• M = Met  18  4.986    2.933    

• N = Asn  14  3.878    0.902    

• O = ---  0  0.000    0.000    

• P = Pro  20  5.540    1.065    

• Q = Gln  12  3.324    0.852    

• R = Arg  19  5.263    1.074    

• S = Ser  25  6.925    0.989    

• T = Thr  13  3.601    0.590    

• U = ---  0  0.000    0.000    

• V = Val  21  5.817    0.881    

• W = Trp  2  0.554    0.426    

• X = Xaa  0  0.000    0.000    

• Y = Tyr  13  3.601    1.059    

• Z = Glx  0  0.000    0.000    

 



• Property Residues                   Number  Mole% 

• Tiny  (A+C+G+S+T)  90  24.931 

• Small  (A+B+C+D+G+N+P+S+T+V) 174  48.199 

• Aliphatic (A+I+L+V)                        101  27.978 

• Aromatic (F+H+W+Y)                        37  10.249 

• Non-polar (A+C+F+G+I+L+M+P+V+W+Y) 197  54.571 

• Polar  (D+E+H+K+N+Q+R+S+T+Z) 164  45.429 

• Charged (B+D+E+H+K+R+Z)  100  27.701 

• Basic  (H+K+R)    44  12.188 

• Acidic  (B+D+E+Z)                         56  15.512 

 

 



Phylogenetic Analysis 

• Using Blast to search the ten sequences (SAPK1-10) from the 

SnRKs family of  Oryza sativa and the ten sequences 

(SRK2A-SRK2J) from the SnRKs family of Arabidorpsis 

thaliana. 

• Using MEGA5.0 to construct a neighbor-joining tree of the 20 

sequences.  

 

 



Structure of Arabidopsis thaliana SnRK2s 

 

 
• Ser/Thr kinase domain —kinase catalytic 

• domain, I —domain involved in ABA-independent activation in 
response to osmotic stress, characteristic for all SnRK2. 

• Domain, II — needed for ABA-dependent activation of SnRK2s. 
(Anna Kulik et al., 2011) 





SAPK8-10 & SRK2E,2D,2I Domain II----Weblogo 



tree 

Group1 :SAPK1 SAPK2 SAPK3 
               SRK2C SRK2F 
(not activated by ABA ) 
 
Group2: SAPK4 SAPK5 SAPK6 
                 SAPK7 
                 SRK2G SRK2H SRK2J 
(not activated or activated                    
very weakly by ABA) 
 
Group3:  SAPK8 SAPK9 SAPK10 
                 SRK2E SRK2D SRK2I 
(strongly activated by ABA) 



SAPK9---SRK2E 



SRK2E： PDB 
ID  3udb 

6 chains: A  B D F 275aa  
                 C E  261aa 

Goal 1: SAPK9 Structure Prediction 
 



3udb chains A,B,C,D,E,F-----Magic Fit 



SAPK9&3udb.A ------Alignment 

SWISS-MODEL 

SAPK9:  12 helixes  , 8 strands 3udb Chain A 



SAPK9&3udb.a----Interactive Magic Fit 

RMS=0.08 



SAPK9 Domains in 3D Structure 



SRK2E: Interaction between chains 



SRK2E: Interaction between chains 



SRK2E: Interaction between chains 



Goal 2 : SAPK9 function in ABA-signaling pathway leading to gene expression 



SAPK10 directly phosphorylates TRAB1  

SAPK10  activities  (closed  squares)  and TRAB1  
phosphorylation  levels (open  triangles)  were  
quantified  using  the  radioactive  and  
luminescence images obtained in the 
experiments. SAPK10 activities were normalized 
by immunoblot  signals. Changes in the levels of 
Ser102-phosphorylation in TRAB1 were expressed 
as the increase in S-band intensity/total band 
intensity at each time point relative to the 0-min 
value. 

(Yuhko Kobayashi et al., 2005) 



TRAB1 aa Sequence 

• >TRAB1 

• MNMDELLRSIWTAEESQAMASASAAAAAAEGGLQRQGSLTLPRTLSVKTVDEVW
RDLEREASPGAAAADGGGGGGEQQQPRRQPTLGEMTLEEFLVRAGVVRENTAAA
AAMVAAAAAPPVAPRSIPAVNNSSIFFGNYGGVNDAAAAAAGAMGFSPVGIGDP
TMGNRLMSGVAGIGGGAITVAPVDTSVGQMDSAGKGDGDLSSPMAPVPYPFEG
VIRGRRSGGNVEKVVERRQRRMIKNRESAARSRARKQAYTMELEAEVQKLKEQNM
ELQKKQEEIMEMQKNFFPEMQKNQVLEAVNNPYGQKKRCLRRTLTGPW 

 

46 



Figure 1.  The Ser residue in the protein kinase C phosphorylation signature 
is indicated by a dot. The arrow points to the Met residue formerly 
predicted to be the N terminus from the sequence of the TRAB1 cDNA 
clone. The amino acids of TRAB1 are numbered based on the putative full-
length sequence, which includes the N-terminal 56 amino acids predicted 
from the genome sequence obtained from the Syngenta draft sequence 
database . 

(Yasuaki Kagaya et al., 2002) 



The 3D structure prediction of Trab1  

Length : ARG233—MET283  51AA 

 

Leucine Zipper(258-272)  DNA binding(232-251) 
 



Signaling pathway predication 

phosphorylation 
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