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MAPKK与细胞信号转导 

促分裂原活化蛋白激酶激酶 

(mitogen-activated protein kinase kinase,  

MAPKK) 

图1 MAPK的Ser/Thr磷酸化途径  
(Molecular Biology of the Cell. 4th edition. Alberts B, Johnson A, Lewis J, et al. 

New York: Garland Science; 2002.） 2 
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马铃薯MAPKK相关EST序列的获得 

图2 烟草MAPKK基因(AF165186)搜索马铃薯EST数据库 
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马铃薯MAPKK相关EST序列的拼接 

图3 马铃薯MAPKK相关EST序列的拼接结果 



马铃薯MAPKK相关EST重叠群的ORF分析 

图4 马铃薯MAPKK相关EST重叠群的ORF分析 
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利用plotorf(v6.0.1)软件分析马铃薯MAPKK ORF 

图5 利用plotorf (v6.0.1) showorf (v6.0.1)  getorf (v6.0.1) 

软件分析DNA序列 
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马铃薯MAPKK相关ORF的序列信息 

图6 马铃薯MAPKK相关ORF的序列信息 

1      GGTTGCCTGG AAGCAATTTC ACAAGATTTC TATATAAGAG TGAACTTTAA GAAGAATTAC 

61     CAAAACCCCA TTTGCCTGAA AGCAACTTTC ACTTTGGGTG TTCAAGATTT CAATAAAAAA 

121    GTGATTTTTA AGAAGAATTC AAGAACCCCA GTTGCCCAAG AAGCAATTTT TACTGTGATT 

181    TAACAAAATT TAGCTATGAA GAAAGGATCT TTTGCTCCTA ATCTTAAACT TTCTCTTCCT 

241    CCTCCTGATG AAGTTGCTCT CTCCAAATTC CTGACTGAAT CAGGAACATT TAAGGATGGA 

301    GATCTTCTGG TGAATAGAGA TGGAGTTCGA ATTGTTTCGC AGAGTGAAGT TGCAGCTCCT 

361    TCAGTTATAC AGCCATCAGA CAACCAGTTA TGCTTAGCTG ATTTTGAAGC AGTTAAAGTT 

421    ATTGGAAAGG GAAATGGTGG TATTGTGCGG CTGGTTCAGC ATAAATGGAC AGGGCAATTT 

481    TTCGCTCTCA AGGTTATTCA GATGAATATT GACGAGTCCA TGCGCAAACA TATTGCTCAA 

541    GAACTGAGAA TTAATCAGTC ATCCCAGTGT CCATATGTTG TCATATGCTA TCAGTCGTTC 

601    TTCGACAATG GTGCTATATC CTTAATTTTG GAGTATATGG ATGGTGGTTC CTTAGCAGAT 

661    TTTCTGAAAA AGGTCAAAAC AATACCTGAA CGATATCTTG CTGTTATCTG CAAGCAGGTT 

721    CTCAAAGGCT TGTGGTATCT TCATCATGAG AAGCATATTA TTCACAGGGA TTTGAAACCT 

781    TCGAATTTGC TAATCAATCA TAGAGGTGAT GTCAAAATCA CAGACTTTGG TGTGAGTGCA 

841    GTACTGGCAA GCACATCTGG ACTGGCTAAT ACCCTTGTCG GAACATACAA CTATATGTCT 

901    CCAGAGAGAA TTTCAGGAGG TGCCTATGAT TACAAAAGCG ACATTTGGAG CTTGGGTTTA 

961    GTCTTACTCG AGTGTGCAAC AGGTCATTTC CCATATACAC CACCCGAGGG AGATGATGGC 

1021   TGGGTCAACG TCTATGAACT TATGGAAACC ATTGTTGACC AACCAGAACC TTGTGCACCT 

1081   CCTGACCAAT TTTCTCCACA ATTCTGCTCA TTCATATCTG CATGTGTCCA GAAGCATCAG 

1141   AAGGACAGAC TGTCAGCAAA TGAACTCATG AGTCACCCTT TCATCACCAT GTACGATGAC 

1201   CAGGATATCG ATCTTGGATT TTACTTCACT TCCGCAGGAC CTCCATTGGC AACACTCACT 

1261   GAGCTATAAT TGGTTTTCTA CAATGTCTTG CAACTGATGG AATTTTGGTC AATTAGCTTT 

1321   TCCAGTCGCA ACGTTCCAAA AATTAGAAGC CTTTTAAGAA GGCATTGAGA ATCAAAATGA 

1381   AGCAGATGGA GCCATTGTTG TACTTTTCAA GCCTCCGGTA GGTAGCGTTG GGAGTGTAAC 

1441   TGTGACATTT TCTACTATGT ATGTGATTCA AATGGGAACA ACTCCAGATA TCCTTTTGAT 

1501   ATGACTTATT TTTGACATTA ATCCTTGGTG GTGCAAGTGT TTTTGGTTTA CAATTTGACT 

1561   TCTACCTTTT AGCACATGAA GTTGTTTATT GTCAGTGTTG AACTGAATGT AAAATTATTA 

1621   AGCTCCCATT TCTCCTAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAA 
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马铃薯MAPKK相关ORF的翻译 

图7 马铃薯MAPKK相关ORF的翻译 

1      MKKGSFAPNL KLSLPPPDEV ALSKFLTESG TFKDGDLLVN RDGVRIVSQS EVAAPSVIQP 

61     SDNQLCLADF EAVKVIGKGN GGIVRLVQHK WTGQFFALKV IQMNIDESMR KHIAQELRIN 

121    QSSQCPYVVI CYQSFFDNGA ISLILEYMDG GSLADFLKKV KTIPERYLAV ICKQVLKGLW 

181    YLHHEKHIIH RDLKPSNLLI NHRGDVKITD FGVSAVLAST SGLANTLVGT YNYMSPERIS 

241    GGAYDYKSDI WSLGLVLLEC ATGHFPYTPP EGDDGWVNVY ELMETIVDQP EPCAPPDQFS 

301    PQFCSFISAC VQKHQKDRLS ANELMSHPFI TMYDDQDIDL GSYFTSAGPP LATLTEL 
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Residue 
SwissProt* StMAPKK 

Number Number Mole% 

A = Ala 8.26 21 5.882 

C = Cys 1.36 8 2.241 

D = Asp 5.46 24 6.723 

E = Glu 6.75 17 4.762 

F = Phe 3.86 16 4.482 

G = Gly 7.08 25 7.003 

H = His 2.27 10 2.801 

I = Ile 5.97 23 6.443 

K = Lys 5.85 21 5.882 

L = Leu 9.66 37 10.364 

M = Met  2.42 8 2.241 

N = Asn 4.06 13 3.641 

P = Pro 4.7 21 5.882 

Q = Gln 3.93 17 4.762 

R = Arg 5.53 10 2.801 

S = Ser 6.55 29 8.123 

T = Thr 5.34 15 4.202 

V = Val 6.87 25 7.003 

W = Trp 1.08 4 1.12 

Y = Tyr 2.92 13 3.641 

马铃薯StMAPKK氨基酸残基的统计分析 
StMAPKK氨基酸残基分布及与SwissProt的比较 

图8 *UniProtKB/Swiss-Prot protein knowledgebase release 2011_12 statistics 
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马铃薯StMAPKK的柔性分析 

图9 StMAPKK的柔性图谱 
（http://web.expasy.org/protscale/, Window size=21） 

http://web.expasy.org/protscale/
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马铃薯StMAPKK的溶剂可及性分析 

图10 StMAPKK的溶剂可及性图谱 
（http://web.expasy.org/protscale/, Window size=21） 

http://web.expasy.org/protscale/


马铃薯StMAPKK的同源建模 

12 图11 马铃薯MAPKK的同源建模可靠性分析 
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马铃薯StMAPKK的同源建模 

图12 马铃薯MAPKK的同源建模 



蛋白质互作分析 

14 
图13 蛋白质互作分析 

 http://string-db.org/newstring_cgi/show_network_section.pl?identifier=Q9S7U9  

http://string-db.org/newstring_cgi/show_network_section.pl?identifier=Q9S7U9
http://string-db.org/newstring_cgi/show_network_section.pl?identifier=Q9S7U9
http://string-db.org/newstring_cgi/show_network_section.pl?identifier=Q9S7U9


马铃薯MAPKK蛋白质序列保守结构域分析 

15 

图14 利用在线软件MEME分析 

（http://meme.sdsc.edu/meme/cgi-bin/meme.cgi） 



马铃薯MAPKK蛋白质序列保守结构域
分析研究  Motif 1 

图15 利用在线软件MEME分析 

（http://meme.sdsc.edu/meme/cgi-bin/meme.cgi） 
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马铃薯MAPKK蛋白质序列保守结构域
分析 Motif 2 
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图16 利用在线软件MEME分析 

（http://meme.sdsc.edu/meme/cgi-bin/meme.cgi） 



马铃薯MAPKK蛋白质序列保守结构域
分析Motif 3 
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图17 利用在线软件MEME分析 

（http://meme.sdsc.edu/meme/cgi-bin/meme.cgi） 



马铃薯StMAPKK DNA在NCBI中Blast的结果 
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图18 StMAPKK DNA在NCBI中的比对结果 

http://blast.ncbi.nlm.nih.gov/Blast.cgi 

 



进化树分析（氨基酸） 

图19 利用MEGA5.05软件分析 
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 MAPKK LeMKK1 (Solanum lycopersicum)

 MAPKK (Solanum lycopersicum)

 MAPKK (Solanum tuberosum)

 MAPKK (Nicotiana tabacum)

 MAPKK2 (Petroselinum crispum)

 MAPKK (Vitis aestivalis)

 MAPKK2 putative (Ricinus communis)

 Predicted protein (Populus trichocarpa)

 MAPKK (Malus domestica)

 MAPKK2 (Glycine max)

 MAPKK (Medicago sativa subsp. varia)

 MAPKK1 MEK1 (Arabidopsis thaliana Mouse-ear cress)

 MEK1 (Arabidopsis lyrata subsp. lyrata)

 MAPKK2 (Brassica napus)

 MAPKK1 (Brassica napus)

 ATMKK2 (Arabidopsis lyrata subsp. lyrata)

 Isoform 2 of MAPPK2 (Arabidopsis thaliana Mouse-ear cress)

 MAPKK2 (Arabidopsis thaliana Mouse-ear cres)

 MAPKK (Oryza minuta)

 MAP kinase (Selaginella moellendorffii)

 Putative uncharacterized protein (Picea sitchensis)
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100
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100

100
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100
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进化树分析（DNA） 

图20 利用MEGA5.05软件分析 

21 

 MAPKK (Malus domestica)

 Predicted protein (Populus trichocarpa)

 MAPKK (Medicago sativa subsp. varia)

 MAPKK2 (Glycine max)

 MAPKK (Vitis aestivalis)

 MAPKK2 putative (Ricinus communis)

 MAPKK2 (Petroselinum crispum)

 MAPKK (Nicotiana tabacum)

 MAPKK (Solanum tuberosum)

 MAPKK LeMKK1 (Solanum lycopersicum)

 MAPKK (Solanum lycopersicum)

 MEK1 (Arabidopsis lyrata subsp. lyrata)

 MAPKK1 MEK1 (Arabidopsis thaliana Mouse-ear cress)

 MAPKK2 (Brassica napus)

 MAPKK1 (Brassica napus)

 ATMKK2 (Arabidopsis lyrata subsp. lyrata)

 MAPKK2 (Arabidopsis thaliana Mouse-ear cres)

 Isoform 2 of MAPPK2 (Arabidopsis thaliana Mouse-ear cress)

 MAPKK (Oryza minuta)

 MAP kinase (Selaginella moellendorffii)

 Putative uncharacterized protein (Picea sitchensis)
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