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palavras -chave Proteinases Aspárticas; Cardosinas; Plant Specific Insert; Cynara cardunculus; 
Sistema Endomembranar; Endereçamento Vacuolar; 
 

resumo A cardosina A e a cardosina B são duas proteinases aspárticas encontradas 
nos pistilos de cardo (Cynara cardunculus, L.). Apesar da sua elevada 
similaridade são expressas em diferentes tecidos, seguindo padrões temporais 
próprios e apresentam uma acumulação intracelular bastante diferente: a 
cardosina A é acumulada no vacúolo enquanto que a cardosina B é secretada. 
À semelhança de outras proteinases aspárticas vegetais, apresentam um 
segmento específico denominado PSI (Plant Specific Insert). Este domínio tem 
sido implicado no endereçamento vacuolar de proteinases aspárticas, quer 
pela sua acção como sinal de endereçamento, quer pela sua capacidade de 
interagir com membranas funcionando como um pré-requisito para o 
endereçamento vacuolar. Com o objectivo de contribuir para descortinar o 
verdadeiro papel deste domínio no endereçamento e processamento destas 
cardosinas, recorreu-se a técnicas de PCR para a obtenção de construções 
mutantes de cardosinas A e B, entre as quais se efectuou a troca do segmento 
PSI. Paralelamente, através do uso de técnicas de mutagénese dirigida, 
efectuou-se a construção de cardosinas A e B mutadas nos nucleótidos dos 
potenciais locais de clivagem deste domínio, evitando assim a sua remoção ao 
longo do processamento das cardosinas. Os resultados obtidos não permitiram
uma conclusão clara sobre o papel do segmento PSI nas cardosinas A e B, 
uma vez que as construções testadas não revelaram alterações no 
direccionamento intracelular no sistema heterólogo Nicotiana tabacum. A 
possível aplicação destas construções em vários sistemas de expressão, 
assim como a importância destas construções para o estudo do papel 
desempenhado pelo PSI no endereçamento e processamento das cardosinas 
A e B é aqui discutida. 
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keywords Aspartic Proteinases, Cardosins, Plant Specific Insert, Cynara cardunculus, 
Endomembrane system; Vacuolar sorting; 
 

abstract Cardosin A and cardosin B are two aspartic proteinases isolated from cardoon 
(Cynara cardunculus, L.) pistils. Despite presenting high similarity, they are 
expressed in different tissues, following different temporal patterns and 
accumulate in different compartments within the cell: cardosin A is transported 
and stored in vacuoles while cardosin B is secreted. A common feature of plant 
aspartic proteinases is the presence of a specific segment known as PSI (Plant 
Specific Insert). This domain has been implicated in vacuolar sorting of aspartic 
proteinases, acting as a sorting signal or through its capacity of membrane 
interaction, working as a pre-requisite for the vacuolar sorting. In order to 
uncover the real implication of this domain in cardosins processing and sorting, 
PCR techniques were used to obtain cardosins A and B mutants, in which the 
PSI domains were switched. In addition, techniques of site-directed 

mutagenesis were employed to the construction of mutants of cardosins A and 

B, in which the nucleotides of the potential cleavage sites of PSI were mutated, 

thereby preventing its removal during the processing steps of cardosins. The 
results obtained did not allow a clear conclusion about the biological role of PSI 
in cardosins, because the mutants tested did not reveal a significant variation in 
the intracellular sorting, using Nicotiana tabacum as expression system. The 
possible application of these constructions in different expression systems, as 
well as the importance of these to the study of the implication of PSI in cardosin 
processing and sorting are here discussed. 
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CardosinaB           ATGGGAACCCCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTTTCTTCTATCTCCC 60 
CardosinaA+PSIB      ATGGGTACCTCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTATCTTCTATCACCT 60 
                     ***** *** ************************************ ********* **  

CardosinaB           ACTGCATTTTCGGTCTCCAACGGCGGATTGCTTCGGGTTGGACTTAAAAAGAGGAAGGTG 120 
CardosinaA+PSIB      ACTGTATTTTCGGTCTCCGATGACGGATTGATTCGAATTGGACTTAAAAAGAGGAAGGTG 120 
                     **** ************* * * ******* ****  *********************** 

CardosinaB           GACCGACTCGACCAACTTCGTGCACATGGCGTGCATATGTTAGGAAATGCTCGAAAAGAT 180 
CardosinaA+PSIB      GACCGAATCGACCAACTTCGTGGACGTCGTGCGTTAATGGAAGGAAATGCTCGAAAAGAT 180 
                     ****** *************** ** * * * *   ***  ******************* 

CardosinaB           TTTGGCTTCCGCCGTACGCTCAGGGACTCGGGTAGTGGCATTGTTGCACTAACGAACGAT 240 
CardosinaA+PSIB      TTCGGCTTCCGTGGTACAGTTAGGGACTCGGGTAGTGCCGTTGTTGCACTAACGAACGAT 240 
                     ** ********  ****  * **************** * ******************** 

CardosinaB           AGGGATACTGCGTATTATGGTGAGATTGGTATCGGAACTCCACCTCAAAACTTCGCAGTG 300 
CardosinaA+PSIB      AGGGATACTTCGTATTTTGGTGAGATTGGTATCGGAACTCCACCTCAGAAGTTCACAGTG 300 
                     ********* ****** ****************************** ** *** ***** 

CardosinaB           ATTTTTGACACCGGAAGTTCTGATCTATGGGTACCTTCTACAAAGTGCGACACTTCACTA 360 
CardosinaA+PSIB      ATTTTCGATACCGGAAGTTCTGTTCTATGGGTGCCTTCTTCAAAGTGCATCAATTCAAAA 360 
                     ***** ** ************* ********* ****** ********  ** ****  * 

CardosinaB           GCTTGTGTGATTCACCCAAGGTACGACTCGGGCGATTCAAGTACCTACAAGGGAAATGGG 420 
CardosinaA+PSIB      GCTTGTCGTGCGCACTCAATGTATGAGTCGAGCGATTCAAGTACCTACAAGGAAAATGGG 420 
                     ******      *** *** *** ** *** ********************* ******* 

CardosinaB           ACAACTGCGAGTATTCAATATGGGACCGGAGCGATCGTTGGTTTTTATAGCCAAGACTCT 480 
CardosinaA+PSIB      ACATCTGGCGCTATTATATATGGAACCGGATCAATCACGGGTTTTTTTAGCCAAGACTCT 480 
                     *** ***    ****  ****** ****** * ***   ******* ************* 

CardosinaB           GTCGAAGTGGGTGATCTTGTTGTTGAACACCAGGATTTTATAGAGACAACCGAAGAGGAC 540 
CardosinaA+PSIB      GTCACGATCGGTGATCTTGTTGTTAAAGAGCAGGATTTTATAGAGGCAACCGATGAGGCC 540 
                     ***    * *************** ** * *************** ******* **** * 

CardosinaB           GACACTGTGTTCTTGAAAAGCGAGTTTGATGGTATACTTGGCCTTGGATTTCAAGAGATC 600 
CardosinaA+PSIB      GACAATGTTTTCTTGCATGGGTTGTTTGACGGTATACTCGGCCTTTCATTTCAAACGATC 600 
                     **** *** ****** *  *   ****** ******** ******  *******  **** 

CardosinaB           TCGGCTGGGAAAGCGGTTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTGAAGAA 660 
CardosinaA+PSIB      TCCG------------TTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTAAAGAA 648 
                     ** *            ************************************** ***** 

CardosinaB           GCTGTGTTTTCTTTTTGGCTTAATCGCAATGTTGATGAGGAAGAAGGGGGAGAGCTCGTG 720 
CardosinaA+PSIB      CGGAGGTTTTCCTTTTGGTTGAATCGCAATGTTGATGAGGAAGAAGGTGGCGAACTCGTG 708 
                          ****** ****** * ************************** ** ** ****** 

CardosinaB           TTTGGTGGGGTTGATCCTAATCATTTTAGGGGTAACCACACTTATGTCCCTGTGACTCGA 780 
CardosinaA+PSIB      TTTGGTGGGCTTGACCCTAATCATTTTAGGGGTGACCACACTTATGTCCCTGTGACTTAT 768 
                     ********* **** ****************** ***********************    

CardosinaB           AAGGGCTATTGGCAGTTTGAAATGGGTGACGTTCTTATTGGAGATAAAAGTTCCGGATTT 840 
CardosinaA+PSIB      CAGTACTATTGGCAGTTTGGAATCGGTGACGTTCTTATTGGAGATAAAAGTACCGGATTT 828 
                      **  ************** *** *************************** ******** 

CardosinaB           TGTGCCGGTGGTTGTGCAGCAATTGCAGACTCTGGAACCTCTTTCTTTGCAGGTCCAACG 900 
CardosinaA+PSIB      TGCGCCCCTGGTTGTCAAGCATTTGCCGACTCTGGAACCTCTTTGTTGTCAGGTCCAACG 888 
                     ** ***  *******  **** **** ***************** **  *********** 

CardosinaB           GCTATTATTACTCAAATCAATCAAGCAATTGGTGCAAAAGGGGTTTTAAACCAACAATGC 960 
CardosinaA+PSIB      GCTATTGTTACTCAAATCAATCATGCAATTGGCGCTAACGGG---TTAAACCAACAATGC 945 
                     ****** **************** ******** ** ** ***   *************** 
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CardosinaB           AAAACATTGGTTGGTCAGTATGGAAAGAATATGGTTCAGATGCTCACATCTGAGGTGCAA 1020 
CardosinaA+PSIB      AAAACATTGGTTGGTCAGTATGGAAAGAATATGGTTCAGATGCTCACATCTGAGGTGCAA 1005 
                     ************************************************************ 

CardosinaB           CCTGATAAAATCTGTTCTCATATGAAGCTCTGCACTTTTGATGGTGCTCACGATGTTAGA 1080 
CardosinaA+PSIB      CCTGATAAAATCTGTTCTCATATGAAGCTCTGCACTTTTGATGGTGCTCACGATGTTAGA 1065 
                     ************************************************************ 

CardosinaB           TCAATGATTGAGAGCGTGGTTGACAAGAACAACGACAAGTCTTCTGGTGGCGAGATTTGT 1140 
CardosinaA+PSIB      TCAATGATTGAGAGCGTGGTTGACAAGAACAACGACAAGTCTTCTGGTGGCGAGATTTGT 1125 
                     ************************************************************ 

CardosinaB           ACCTTTTGTGAGATGGCCCTCGTTAGGATGCAGAATGAAATCAAACGAAACGAGACTGAA 1200 
CardosinaA+PSIB      ACCTTTTGTGAGATGGCCCTCGTTAGGATGCAGAATGAAATCAAACGAAACGAGACTGAA 1185 
                     ************************************************************ 

CardosinaB           GATAACATAATCAACCATGTCAATGAGGTGTGTGATCAGTTACCCACTTCAAGTGCAGAA 1260 
CardosinaA+PSIB      GATAACATAATCAACCATGTCAATGAGGTGTGTGATCAGTTACCCACTTCAAGTGCAGAA 1245 
                     ************************************************************ 

CardosinaB           ---------------TCGATGGTAGACTGCAATGGTATTTCCTCCATGCCTAATATTGCC 1305 
CardosinaA+PSIB      ACTTCATCTGAAGAATTACAAGTAGATTGCAACACTCTTTCCTCCATGCCCAATGTTTCC 1305 
                                    *     ***** *****   * ************* *** ** ** 

CardosinaB           TTCACAATTGGTAGCAAACTTTTTGAGGTCACCCCAGAACAGTACATCTATAAAGTGGGT 1365 
CardosinaA+PSIB      TTTACAATTGGTGGCAAAAAATTTGGGCTCACCCCAGAGCAGTACATCTTGAAAGTCGGT 1365 
                     ** ********* *****   **** * ********** **********  ***** *** 

CardosinaB           GAGGGAGAAGCAGCAACATGCATCAGTGGATTCACTGCTCTCGATATTATGTCTCCTCAA 1425 
CardosinaA+PSIB      AAGGGAGAAGCAACACAATGCATCAGTGGATTCACTGCGATGGATGC---GACTCTTCTT 1422 
                      *********** **  *********************  * ***     * *** **   

CardosinaB           GGACCTATATGGATCTTGGGAGATATGTTTATGGGTCCATACCACACAGTGTTCGATTAT 1485 
CardosinaA+PSIB      GGACCTCTGTGGATCCTCGGAGATGTTTTCATGCGTCCATATCACACAGTGTTTGATTAT 1482 
                     ****** * ****** * ****** * ** *** ******* *********** ****** 

CardosinaB           GGCAAGTTACGAGTGGGATTTGCAGAAGCAGTTTGAGAGATGA-----AAAACCATCCTA 1540 
CardosinaA+PSIB      GGCAATTTACTAGTTGGATTTGCAGAAGCAGCTTGAGAGCTCAGCCTGAATTCCAGCACA 1542 
                     ***** **** *** **************** ******* * *     **  *** *  * 

CardosinaB           CCAGCTCCAATAAAAGCCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCT 1600 
CardosinaA+PSIB      CTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGATGCATAGCTTGAGTAT 1602 
                     *  **  *  * *     * ** * *** *  *  *   * * *    * * *      * 

CardosinaB           C----------- 1601 
CardosinaA+PSIB      TCTAACGCGTCA 1614 
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CardosinaA           ATGGGCACCTCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTATCTTCTATCACCT 60 
CardosinaB+PSIA      ATGGGAACCCCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTTTCTTCTATCTCCC 60 
                     ***** *** ************************************ ********* **  

CardosinaA           ACTGTATTTTCGGTCTCCGATGACGGATTGATTCGAATTGGACTTAAAAAGAGGAAGGTG 120 
CardosinaB+PSIA      ACTGCATTTTCGGTCTCCAACGGCGGATTGCTTCGGGTTGGACTTAAAAAGAGGAAGGTG 120 
                     **** ************* * * ******* ****  *********************** 

CardosinaA           GACCGAATCGACCAACTTCGTGGACGTCGTGCGTTAATGGAAGGAAATGCTCGAAAAGAT 180 
CardosinaB+PSIA      GACCGACTCGACCAACTTCGTGCACATGGCGTGCATATGTTAGGAAATGCTCGAAAAGAT 180 
                     ****** *************** ** * * * *   ***  ******************* 

CardosinaA           TTCGGCTTCCGTGGTACAGTTAGGGACTCGGGTAGTGCCGTTGTTGCACTAACGAACGAT 240 
CardosinaB+PSIA      TTTGGCTTCCGCCGTACGCTCAGGGACTCGGGTAGTGGCATTGTTGCACTAACGAACGAT 240 
                     ** ********  ****  * **************** * ******************** 

CardosinaA           AGGGATACTTCGTATTTTGGTGAGATTGGTATCGGAACTCCACCTCAGAAGTTCACAGTG 300 
CardosinaB+PSIA      AGGGATACTGCGTATTATGGTGAGATTGGTATCGGAACTCCACCTCAAAACTTCGCAGTG 300 
                     ********* ****** ****************************** ** *** ***** 

CardosinaA           ATTTTCGATACCGGAAGTTCTGTTCTATGGGTGCCTTCTTCAAAGTGCATCAATTCAAAA 360 
CardosinaB+PSIA      ATTTTTGACACCGGAAGTTCTGATCTATGGGTACCTTCTACAAAGTGCGACACTTCACTA 360 
                     ***** ** ************* ********* ****** ********  ** ****  * 

CardosinaA           GCTTGTCGTGCGCACTCAATGTATGAGTCGAGCGATTCAAGTACCTACAAGGAAAATGGG 420 
CardosinaB+PSIA      GCTTGTGTGATTCACCCAAGGTACGACTCGGGCGATTCAAGTACCTACAAGGGAAATGGG 420 
                     ******      *** *** *** ** *** ********************* ******* 

CardosinaA           ACATCTGGCGCTATTATATATGGAACCGGATCAATCACGGGTTTTTTTAGCCAAGACTCT 480 
CardosinaB+PSIA      ACAACTGCGAGTATTCAATATGGGACCGGAGCGATCGTTGGTTTTTATAGCCAAGACTCT 480 
                     *** ***    ****  ****** ****** * ***   ******* ************* 

CardosinaA           GTCACGATCGGTGATCTTGTTGTTAAAGAGCAGGATTTTATAGAGGCAACCGATGAGGCC 540 
CardosinaB+PSIA      GTCGAAGTGGGTGATCTTGTTGTTGAACACCAGGATTTTATAGAGACAACCGAAGAGGAC 540 
                     ***    * *************** ** * *************** ******* **** * 

CardosinaA           GACAATGTTTTCTTGCATGGGTTGTTTGACGGTATACTCGGCCTTTCATTTCAAACGATC 600 
CardosinaB+PSIA      GACACTGTGTTCTTGAAAAGCGAGTTTGATGGTATACTTGGCCTTGGATTTCAAGAGATC 600 
                     **** *** ****** *  *   ****** ******** ******  *******  **** 

CardosinaA           TCCG------------TTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTAAAGAA 648 
CardosinaB+PSIA      TCGGCTGGGAAAGCGGTTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTGAAGAA 660 
                     ** *            ************************************** ***** 

CardosinaA           CGGAGGTTTTCCTTTTGGTTGAATCGCAATGTTGATGAGGAAGAAGGTGGCGAACTCGTG 708 
CardosinaB+PSIA      GCTGTGTTTTCTTTTTGGCTTAATCGCAATGTTGATGAGGAAGAAGGGGGAGAGCTCGTG 720 
                          ****** ****** * ************************** ** ** ****** 

CardosinaA           TTTGGTGGGCTTGACCCTAATCATTTTAGGGGTGACCACACTTATGTCCCTGTGACTTAT 768 
CardosinaB+PSIA      TTTGGTGGGGTTGATCCTAATCATTTTAGGGGTAACCACACTTATGTCCCTGTGACTCGA 780 
                     ********* **** ****************** ***********************    

CardosinaA           CAGTACTATTGGCAGTTTGGAATCGGTGACGTTCTTATTGGAGATAAAAGTACCGGATTT 828 
CardosinaB+PSIA      AAGGGCTATTGGCAGTTTGAAATGGGTGACGTTCTTATTGGAGATAAAAGTTCCGGATTT 840 
                      **  ************** *** *************************** ******** 

CardosinaA           TGCGCCCCTGGTTGTCAAGCATTTGCCGACTCTGGAACCTCTTTGTTGTCAGGTCCAACG 888 
CardosinaB+PSIA      TGTGCCGGTGGTTGTGCAGCAATTGCAGACTCTGGAACCTCTTTCTTTGCAGGTCCAACG 900 
                     ** ***  *******  **** **** ***************** **  *********** 

CardosinaA           GCTATTGTTACTCAAATCAATCATGCAATTGGCGCTAACGGGGT---CATGAACCAGCAA 945 
CardosinaB+PSIA      GCTATTATTACTCAAATCAATCAAGCAATTGGTGCAAAAGGGGTTGTCATGAACCAGCAA 960 
                     ****** **************** ******** ** ** *****   ************* 
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CardosinaA           TGCAAGACAGTGGTTAGTCGTTATGGAAGGGATATAATTGAGATGCTCCGATCTAAGATA 1005 
CardosinaB+PSIA      TGCAAGACAGTGGTTAGTCGTTATGGAAGGGATATAATTGAGATGCTCCGATCTAAGATA 1020 
                     ************************************************************ 

CardosinaA           CAACCTGATAAAATATGTTCGCACATGAAGTTATGCACTTTTGATGGTGCTCGCGATGTT 1065 
CardosinaB+PSIA      CAACCTGATAAAATATGTTCGCACATGAAGTTATGCACTTTTGATGGTGCTCGCGATGTT 1080 
                     ************************************************************ 

CardosinaA           AGTTCAATCATTGAGAGCGTGGTTGACAAGAATAACGACAAGTCTTCTGGTGGCATACAT 1125 
CardosinaB+PSIA      AGTTCAATCATTGAGAGCGTGGTTGACAAGAATAACGACAAGTCTTCTGGTGGCATACAT 1140 
                     ************************************************************ 

CardosinaA           GATGAGATGTGCACCTTCTGTGAGATGGCGGTCGTTTGGATGCAAAACGAAATCAAACAA 1185 
CardosinaB+PSIA      GATGAGATGTGCACCTTCTGTGAGATGGCGGTCGTTTGGATGCAAAACGAAATCAAACAA 1200 
                     ************************************************************ 

CardosinaA           AGCGAGACTGAAGATAACATAATCAACTATGCCAACGAGTTGTGTGAACACTTATCCACT 1245 
CardosinaB+PSIA      AGCGAGACTGAAGATAACATAATCAACTATGCCAACGAGTTGTGTGAACACTTATCC--- 1257 
                     *********************************************************    

CardosinaA           TCATCTGAAGAATTACAAGTAGATTGCAACACTCTTTCCTCCATGCCCAATGTTTCCTTT 1305 
CardosinaB+PSIA      ------------TCGATAGTAGACTGCAATGGTATTTCCTCCATGCCTAATATTGCCTTC 1305 
                                 *    ****** *****   * ************* *** ** ****  

CardosinaA           ACAATTGGTGGCAAAAAATTTGGGCTCACCCCAGAGCAGTACATCTTGAAAGTCGGTAAG 1365 
CardosinaB+PSIA      ACAATTGGTAGCAAACTTTTTGAGGTCACCCCAGAACAGTACATCTATAAAGTGGGTGAG 1365 
                     ********* *****   **** * ********** **********  ***** *** ** 

CardosinaA           GGAGAAGCAACACAATGCATCAGTGGATTCACTGCGATGGATGCGA---CTCTTCTTGGA 1422 
CardosinaB+PSIA      GGAGAAGCAGCAACATGCATCAGTGGATTCACTGCTCTCGATATTATGTCTCCTCAAGGA 1425 
                     ********* **  *********************  * ***   *   *** **  *** 

CardosinaA           CCTCTGTGGATCCTCGGAGATGTTTTCATGCGTCCATATCACACAGTGTTTGATTATGGC 1482 
CardosinaB+PSIA      CCTATATGGATCTTGGGAGATATGTTTATGGGTCCATACCACACAGTGTTCGATTATGGC 1485 
                     *** * ****** * ****** * ** *** ******* *********** ********* 

CardosinaA           AATTTACTAGTTGGATTTGCAGAAGCAG-------CTTGAAT-CAAGCTTATCGATA-CC 1533 
CardosinaB+PSIA      AAGTTACGAGTGGGATTTGCAGAAGCAGTGTCGACCCTGAATTCCAGCACACTGGCGGCC 1545 
                     ** **** *** ****************       * ***** * ***  *  *    ** 

CardosinaA           GTCGACCTCGAGGGGGGGCCCGGTACCCAGCTTT-TGTTCCCTTTAGTGAGGGTAATG-- 1590 
CardosinaB+PSIA      GTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGATGCATAGCTTGAGTATTCTAACGCG 1605 
                     **       *     * ** ******* *****  **      **    *   *** *   

CardosinaA           ------ 
CardosinaB+PSIA      TCACCW 1611 
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CardosinaA            ATGGGCACCTCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTATCTTCTATCACCT 60 
CardosinaAmutPSI      ATGGGCACCTCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTATCTTCTATCACCT 60 
                      ************************************************************ 

CardosinaA            ACTGTATTTTCGGTCTCCGATGACGGATTGATTCGAATTGGACTTAAAAAGAGGAAGGTG 120 
CardosinaAmutPSI      ACTGTATTTTCGGTCTCCGATGACGGATTGATTCGAATTGGACTTAAAAAGAGGAAGGTG 120 
                      ************************************************************ 

CardosinaA            GACCGAATCGACCAACTTCGTGGACGTCGTGCGTTAATGGAAGGAAATGCTCGAAAAGAT 180 
CardosinaAmutPSI      GACCGAATCGACCAACTTCGTGGACGTCGTGCGTTAATGGAAGGAAATGCTCGAAAAGAT 180 
                      ************************************************************ 

CardosinaA            TTCGGCTTCCGTGGTACAGTTAGGGACTCGGGTAGTGCCGTTGTTGCACTAACGAACGAT 240 
CardosinaAmutPSI      TTCGGCTTCCGTGGTACAGTTAGGGACTCGGGTAGTGCCGTTGTTGCACTAACGAACGAT 240 
                      ************************************************************ 

CardosinaA            AGGGATACTTCGTATTTTGGTGAGATTGGTATCGGAACTCCACCTCAGAAGTTCACAGTG 300 
CardosinaAmutPSI      AGGGATACTTCGTATTTTGGTGAGATTGGTATCGGAACTCCACCTCAGAAGTTCACAGTG 300 
                      ************************************************************ 

CardosinaA            ATTTTCGATACCGGAAGTTCTGTTCTATGGGTGCCTTCTTCAAAGTGCATCAATTCAAAA 360 
CardosinaAmutPSI      ATTTTCGATACCGGAAGTTCTGTTCTATGGGTGCCTTCTTCAAAGTGCATCAATTCAAAA 360 
                      ************************************************************ 

CardosinaA            GCTTGTCGTGCGCACTCAATGTATGAGTCGAGCGATTCAAGTACCTACAAGGAAAATGGG 420 
CardosinaAmutPSI      GCTTGTCGTGCGCACTCAATGTATGAGTCGAGCGATTCAAGTACCTACAAGGAAAATGGG 420 
                      ************************************************************ 

CardosinaA            ACATCTGGCGCTATTATATATGGAACCGGATCAATCACGGGTTTTTTTAGCCAAGACTCT 480 
CardosinaAmutPSI      ACATCTGGCGCTATTATATATGGAACCGGATCAATCACGGGTTTTTTTAGCCAAGACTCT 480 
                      ************************************************************ 

CardosinaA            GTCACGATCGGTGATCTTGTTGTTAAAGAGCAGGATTTTATAGAGGCAACCGATGAGGCC 540 
CardosinaAmutPSI      GTCACGATCGGTGATCTTGTTGTTAAAGAGCAGGATTTTATAGAGGCAACCGATGAGGCC 540 
                      ************************************************************ 

CardosinaA            GACAATGTTTTCTTGCATGGGTTGTTTGACGGTATACTCGGCCTTTCATTTCAAACGATC 600 
CardosinaAmutPSI      GACAATGTTTTCTTGCATGGGTTGTTTGACGGTATACTCGGCCTTTCATTTCAAACGATC 600 
                      ************************************************************ 

CardosinaA            TCCGTTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTAAAGAACGGAGGTTTTCC 660 
CardosinaAmutPSI      TCCGTTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTAAAGAACGGAGGTTTTCC 660 
                      ************************************************************ 

CardosinaA            TTTTGGTTGAATCGCAATGTTGATGAGGAAGAAGGTGGCGAACTCGTGTTTGGTGGGCTT 720 
CardosinaAmutPSI      TTTTGGTTGAATCGCAATGTTGATGAGGAAGAAGGTGGCGAACTCGTGTTTGGTGGGCTT 720 
                      ************************************************************ 

CardosinaA            GACCCTAATCATTTTAGGGGTGACCACACTTATGTCCCTGTGACTTATCAGTACTATTGG 780 
CardosinaAmutPSI      GACCCTAATCATTTTAGGGGTGACCACACTTATGTCCCTGTGACTTATCAGTACTATTGG 780 
                      ************************************************************ 

CardosinaA            CAGTTTGGAATCGGTGACGTTCTTATTGGAGATAAAAGTACCGGATTTTGCGCCCCTGGT 840 
CardosinaAmutPSI      CAGTTTGGAATCGGTGACGTTCTTATTGGAGATAAAAGTACCGGATTTTGCGCCCCTGGT 840 
                      ************************************************************ 

CardosinaA            TGTCAAGCATTTGCCGACTCTGGAACCTCTTTGTTGTCAGGTCCAACGGCTATTGTTACT 900 
CardosinaAmutPSI      TGTCAAGCATTTGCCGACTCTGGAACCTCTTTGTTGTCAGGTCCAACGGCTATTGTTACT 900 
                      ************************************************************ 

CardosinaA            CAAATCAATCATGCAATTGGCGCTAACGGGGTCATGAACCAGCAATGCAAGACAGTGGTT 960 
CardosinaAmutPSI      CAAATCAATCATGCAATTGGCGCTCAGGGGATCATGCAGCAGCAATGCAAGACAGTGGTT 960 
                      ************************ * *** ***** * ********************* 
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CardosinaA            AGTCGTTATGGAAGGGATATAATTGAGATGCTCCGATCTAAGATACAACCTGATAAAATA 1020 
CardosinaAmutPSI      AGTCGTTATGGAAGGGATATAATTGAGATGCTCCGATCTAAGATACAACCTGATAAAATA 1020 
                      ************************************************************ 

CardosinaA            TGTTCGCACATGAAGTTATGCACTTTTGATGGTGCTCGCGATGTTAGTTCAATCATTGAG 1080 
CardosinaAmutPSI      TGTTCGCACATGAAGTTATGCACTTTTGATGGTGCTCGCGATGTTAGTTCAATCATTGAG 1080 
                      ************************************************************ 

CardosinaA            AGCGTGGTTGACAAGAATAACGACAAGTCTTCTGGTGGCATACATGATGAGATGTGCACC 1140 
CardosinaAmutPSI      AGCGTGGTTGACAAGAATAACGACAAGTCTTCTGGTGGCATACATGATGAGATGTGCACC 1140 
                      ************************************************************ 

CardosinaA            TTCTGTGAGATGGCGGTCGTTTGGATGCAAAACGAAATCAAACAAAGCGAGACTGAAGAT 1200 
CardosinaAmutPSI      TTCTGTGAGATGGCGGTCGTTTGGATGCAAAACGAAATCAAACAAAGCGAGACTGAAGAT 1200 
                      ************************************************************ 

CardosinaA            AACATAATCAACTATGCCAACGAGTTGTGTGAACACTTATCCACTTCATCTGAAGAATTA 1260 
CardosinaAmutPSI      AACATAATCAACTATGCCAACGAGTTGTGTGAACACTTAACCACTACATCTGAAGAATTA 1260 
                      *************************************** ***** ************** 

CardosinaA            CAAGTAGATTGCAACACTCTTTCCTCCATGCCCAATGTTTCCTTTACAATTGGTGGCAAA 1320 
CardosinaAmutPSI      CAAGTAGATTGCAACACTCTTTCCTCCATGCCCAATGTTTCCTTTACAATTGGTGGCAAA 1320 
                      ************************************************************ 

CardosinaA            AAATTTGGGCTCACCCCAGAGCAGTACATCTTGAAAGTCGGTAAGGGAGAAGCAACACAA 1380 
CardosinaAmutPSI      AAATTTGGGCTCACCCCAGAGCAGTACATCTTGAAAGTCGGTAAGGGAGAAGCAACACAA 1380 
                      ************************************************************ 

CardosinaA            TGCATCAGTGGATTCACTGCGATGGATGCGACTCTTCTTGGACCTCTGTGGATCCTCGGA 1440 
CardosinaAmutPSI      TGCATCAGTGGATTCACTGCGATGGATGCGACTCTTCTTGGACCTCTGTGGATCCTCGGA 1440 
                      ************************************************************ 

CardosinaA            GATGTTTTCATGCGTCCATATCACACAGTGTTTGATTATGGCAATTTACTAGTTGGATTT 1500 
CardosinaAmutPSI      GATGTTTTCATGCGTCCATATCACACAGTGTTTGATTATGGCAATTTACTAGTTGGATTT 1500 
                      ************************************************************ 

CardosinaA            GCAGAAGCAGCTTGAATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACC 1560 
CardosinaAmutPSI      GCAGAAGCAGCTTGAATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACC 1560 
                      ************************************************************ 

CardosinaA            CAGCTTTTGTTCCCTTTAGTGAGGGTAATG 1590 
CardosinaAmutPSI      CAGCTTTTGTTCCCTTTAGTGAGGGTAATG 1590 
                      ****************************** 
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CardosinaB            ATGGGAACCCCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTTTCTTCTATCTCCC 60 
CardosinaBmutPSI      ATGGGAACCCCAATCAAAGCAAACGTGCTTGCCTTGTTCTTGTTTTTTCTTCTATCTCCC 60 
                      ************************************************************ 

CardosinaB            ACTGCATTTTCGGTCTCCAACGGCGGATTGCTTCGGGTTGGACTTAAAAAGAGGAAGGTG 120 
CardosinaBmutPSI      ACTGCATTTTCGGTCTCCAACGGCGGATTGCTTCGGGTTGGACTTAAAAAGAGGAAGGTG 120 
                      ************************************************************ 

CardosinaB            GACCGACTCGACCAACTTCGTGCACATGGCGTGCATATGTTAGGAAATGCTCGAAAAGAT 180 
CardosinaBmutPSI      GACCGACTCGACCAACTTCGTGCACATGGCGTGCATATGTTAGGAAATGCTCGAAAAGAT 180 
                      ************************************************************ 

CardosinaB            TTTGGCTTCCGCCGTACGCTCAGGGACTCGGGTAGTGGCATTGTTGCACTAACGAACGAT 240 
CardosinaBmutPSI      TTTGGCTTCCGCCGTACGCTCAGGGACTCGGGTAGTGGCATTGTTGCACTAACGAACGAT 240 
                      ************************************************************ 

CardosinaB            AGGGATACTGCGTATTATGGTGAGATTGGTATCGGAACTCCACCTCAAAACTTCGCAGTG 300 
CardosinaBmutPSI      AGGGATACTGCGTATTATGGTGAGATTGGTATCGGAACTCCACCTCAAAACTTCGCAGTG 300 
                      ************************************************************ 

CardosinaB            ATTTTTGACACCGGAAGTTCTGATCTATGGGTACCTTCTACAAAGTGCGACACTTCACTA 360 
CardosinaBmutPSI      ATTTTTGACACCGGAAGTTCTGATCTATGGGTACCTTCTACAAAGTGCGACACTTCACTA 360 
                      ************************************************************ 

CardosinaB            GCTTGTGTGATTCACCCAAGGTACGACTCGGGCGATTCAAGTACCTACAAGGGAAATGGG 420 
CardosinaBmutPSI      GCTTGTGTGATTCACCCAAGGTACGACTCGGGCGATTCAAGTACCTACAAGGGAAATGGG 420 
                      ************************************************************ 

CardosinaB            ACAACTGCGAGTATTCAATATGGGACCGGAGCGATCGTTGGTTTTTATAGCCAAGACTCT 480 
CardosinaBmutPSI      ACAACTGCGAGTATTCAATATGGGACCGGAGCGATCGTTGGTTTTTATAGCCAAGACTCT 480 
                      ************************************************************ 

CardosinaB            GTCGAAGTGGGTGATCTTGTTGTTGAACACCAGGATTTTATAGAGACAACCGAAGAGGAC 540 
CardosinaBmutPSI      GTCGAAGTGGGTGATCTTGTTGTTGAACACCAGGATTTTATAGAGACAACCGAAGAGGAC 540 
                      ************************************************************ 

CardosinaB            GACACTGTGTTCTTGAAAAGCGAGTTTGATGGTATACTTGGCCTTGGATTTCAAGAGATC 600 
CardosinaBmutPSI      GACACTGTGTTCTTGAAAAGCGAGTTTGATGGTATACTTGGCCTTGGATTTCAAGAGATC 600 
                      ************************************************************ 

CardosinaB            TCGGCTGGGAAAGCGGTTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTGAAGAA 660 
CardosinaBmutPSI      TCGGCTGGGAAAGCGGTTCCTGTCTGGTACAACATGGTTAATCAAGGGCTTGTTGAAGAA 660 
                      ************************************************************ 

CardosinaB            GCTGTGTTTTCTTTTTGGCTTAATCGCAATGTTGATGAGGAAGAAGGGGGAGAGCTCGTG 720 
CardosinaBmutPSI      GCTGTGTTTTCTTTTTGGCTTAATCGCAATGTTGATGAGGAAGAAGGGGGAGAGCTCGTG 720 
                      ************************************************************ 

CardosinaB            TTTGGTGGGGTTGATCCTAATCATTTTAGGGGTAACCACACTTATGTCCCTGTGACTCGA 780 
CardosinaBmutPSI      TTTGGTGGGGTTGATCCTAATCATTTTAGGGGTAACCACACTTATGTCCCTGTGACTCGA 780 
                      ************************************************************ 

CardosinaB            AAGGGCTATTGGCAGTTTGAAATGGGTGACGTTCTTATTGGAGATAAAAGTTCCGGATTT 840 
CardosinaBmutPSI      AAGGGCTATTGGCAGTTTGAAATGGGTGACGTTCTTATTGGAGATAAAAGTTCCGGATTT 840 
                      ************************************************************ 

CardosinaB            TGTGCCGGTGGTTGTGCAGCAATTGCAGACTCTGGAACCTCTTTCTTTGCAGGTCCAACG 900 
CardosinaBmutPSI      TGTGCCGGTGGTTGTGCAGCAATTGCAGACTCTGGAACCTCTTTCTTTGCAGGTCCAACG 900 
                      ************************************************************ 

CardosinaB            GCTATTATTACTCAAATCAATCAAGCAATTGGTGCAAAAGGGGTTTTAAACCAACAATGC 960 
CardosinaBmutPSI      GCTATTATTACTCAAATCAATCAAGCAATTGGTGCAAAAGGGATCTTACAGCAACAATGC 960 
                      ****************************************** * *** * ********* 
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CardosinaB            AAAACATTGGTTGGTCAGTATGGAAAGAATATGGTTCAGATGCTCACATCTGAGGTGCAA 1020 
CardosinaBmutPSI      AAAACATTGGTTGGTCAGTATGGAAAGAATATGGTTCAGATGCTCACATCTGAGGTGCAA 1020 
                      ************************************************************ 

CardosinaB            CCTGATAAAATCTGTTCTCATATGAAGCTCTGCACTTTTGATGGTGCTCACGATGTTAGA 1080 
CardosinaBmutPSI      CCTGATAAAATCTGTTCTCATATGAAGCTCTGCACTTTTGATGGTGCTCACGATGTTAGA 1080 
                      ************************************************************ 

CardosinaB            TCAATGATTGAGAGCGTGGTTGACAAGAACAACGACAAGTCTTCTGGTGGCGAGATTTGT 1140 
CardosinaBmutPSI      TCAATGATTGAGAGCGTGGTTGACAAGAACAACGACAAGTCTTCTGGTGGCGAGATTTGT 1140 
                      ************************************************************ 

CardosinaB            ACCTTTTGTGAGATGGCCCTCGTTAGGATGCAGAATGAAATCAAACGAAACGAGACTGAA 1200 
CardosinaBmutPSI      ACCTTTTGTGAGATGGCCCTCGTTAGGATGCAGAATGAAATCAAACGAAACGAGACTGAA 1200 
                      ************************************************************ 

CardosinaB            GATAACATAATCAACCATGTCAATGAGGTGTGTGATCAGTTACCCACTTCAAGTGCAGAA 1260 
CardosinaBmutPSI      GATAACATAATCAACCATGTCAATGAGGTGTGTGATCAGTTACCCACTTCAAGTGCAGAC 1260 
                      ***********************************************************  

CardosinaB            TCGATGGTAGACTGCAATGGTATTTCCTCCATGCCTAATATTGCCTTCACAATTGGTAGC 1320 
CardosinaBmutPSI      ACGATGGTAGACTGCAATGGTATTTCCTCCATGCCTAATATTGCCTTCACAATTGGTAGC 1320 
                       *********************************************************** 

CardosinaB            AAACTTTTTGAGGTCACCCCAGAACAGTACATCTATAAAGTGGGTGAGGGAGAAGCAGCA 1380 
CardosinaBmutPSI      AAACTTTTTGAGGTCACCCCAGAACAGTACATCTATAAAGTGGGTGAGGGAGAAGCAGCA 1380 
                      ************************************************************ 

CardosinaB            ACATGCATCAGTGGATTCACTGCTCTCGATATTATGTCTCCTCAAGGACCTATATGGATC 1440 
CardosinaBmutPSI      ACATGCATCAGTGGATTCACTGCTCTCGATATTATGTCTCCTCAAGGACCTATATGGATC 1440 
                      ************************************************************ 

CardosinaB            TTGGGAGATATGTTTATGGGTCCATACCACACAGTGTTCGATTATGGCAAGTTACGAGTG 1500 
CardosinaBmutPSI      TTGGGAGATATGTTTATGGGTCCATACCACACAGTGTTCGATTATGGCAAGTTACGAGTG 1500 
                      ************************************************************ 

CardosinaB            GGATTTGCAGAAGCAGTTTGAG 1522 
CardosinaBmutPSI      GGATTTGCAGAAGCAGTTTGAG 1522 
                      ********************** 
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