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Figura 2.1. Plásmido de clonación pBSK(+). 
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Figura 2.2.  Plásmido de expresión pET11d (el plásmido pET11c es idéntico pero en lugar de 
tener el lugar de clonación Nco I tiene Nde I). 
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Figura 2.3. Plásmido de clonación y expresión pET101/D-TOPO. 
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Figura 2.4. Plásmidos de expresión pPICZ�B. 
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Figura 2.5. Esquema del plásmido de clonación pZErO-2. 
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Tabla 2.1. Cebadores utilizados para las reacciones de amplificación con ADN polimerasa. 
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Figura 2.6. Esquema del proceso de mutagénesis dirigida con el sistema “Quickchange”. 
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Figura 2.7. Esquema del proceso de integración del plásmido pPICZ portador del gen de 
interés en el genoma del hospedador P. pastoris. 
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ApR 

Xba I F1(+) 

ColE1 

lacA 

pBSU 
5,03 kb 

HinD III EcoR V 

Sal I 

Nde I 

EcoR V 

EcoR V 

Pst I 
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ColE1 
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Kpn I 

Nco I 

Pst I Nco I 
HinD III 

HinD III 

lacZ 
ApR 

F1 (+) 

pBUL 
5,99 kb 
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MbgA (pBME)(=AF047824).........................MLKTGKKFHYTA 
MbgA (AJ000733)................................MLKTGKKFHYTA 
 
PANGYPEWNNNPEIFQLNRSKAHALLMPYQTVEEALKNDRKSSVYYQSLNGSWYFHFAE 
PANGYPEWNNNPEIFQLNRSKAHALLMPYQTVEEALKNDRKSSVYYQSLNGSWYFHFAE 
 
NADGRVKNFFAPEFSYKKWDSISVPSHWQLQGYDYPQYTNVTYPWVENENLEPPFAPTK 
NADGRVKNFFAPEFSYEKWDSISVPSHWQLQGYDYPQYTNVTYPWVENEELEPPFAPTK 
 
YNLSVSTSVLLHLNQNGKISPCTSASKGVESAFYVWINGEFVGYSEDSFTPAEFDITSY 
YNPVGQYVRTFTPKSEWKDQPVYISFQGVESAFYVWINGEFVGYSEDSFTPAEFDITSY 
 
LQEGENTIAVEVYRWSDASWLEDQDFWRMSGIFRDVYLYSTPQVHIYDFSVRSSLDNNY 
LQEGENTIAVEVYRWSDASWLEDQDFWRMSGIFRDVYLYSTPQVHIYDFSVRSSLDNNY 
 
EDGELSVSADILGCFEHDTQDLTFEVMLYDANGQEVLQRPLQTNLSVSDQRTVSLRTHI 
EDGELSVSADILNYFEHDTQDLTFEVMLYDANAQEVLQAPLQTNLSVSDQRTVSLRTHI 
 
KSPAKWSAESPNLYTLVLSLKNAAGSIIETESCKVGFRTFELKNGLMTINGKRIVLRGV 
KSPAKWSAESPNLYTLVLSLKNAAGSIIETESCKVGFRTFEIKNGLMTINGKRIVLRGV 
 
NRHEFDSVKGRAGITREDMIHDILLMKQHNIKPVRTSHYPNDSVWYELCNEYGLYVIDE 
NRHEFDSVKGRAGITREDMIHDILLMKQHNINAVRTSHYPNDSVWYELCNEYGLYVIDE 
 
TNLETHGTWTYLQEGEQKAVPGSKPEWKENVLDRCRSMYERDKNHPSIIIWSLGNESFG 
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TNLETHGTWTYLQEGEQKAVPGSKPEWKENVLDRCRSMYERDKNHPSIIIWSLGNESFG 
 
GENFQHMYTFFKEKDSTRLVHYEGIFHHRDYDASDIESTMYVKPADVERYALMNPKKPY 
GENFQHMYTFFKEKDSTRLVHYEGIFHHRDYDASDIESTMYVKPADVERYALMNPKKPY 
 
ILCEYSHAMGNSCGNLYKYWELFDQYPILQGGFIWDWKDQALQATAEDGTSYLAYGGDF 
ILCEYSHAMGNSCGNLYKYWELFDQYPILQGGFIWDWKDQALQATAEDGTSYLAYGGDF 
 
FGDTPNDGNFCGNGLIFADGTASPKIAEVKKCYQPVKWTAVDATKGKFAVQNKHLFTNL 
FGDTPNDGNFCGNGLIFADGTASPKIAEVKKCYQPVKWTAVDPAKGKFAVQNKHLFTNL 
 
NAYDFVWTVEKNGELVEKHASLLNVAPDGTDELTLSYPLYEQENEADEFVLTLSLRLSK 
NAYDFVWTVEKNGELVEKHASLLNVAPDGTDELTLSYPLYEQENETDEFVLTLSLRLSK 
 
DTAWASAGYEVAYEQFVLPAKAAMPSVKAAHPALTVNQNEQTLTVTGTNFTAIFDKRKG 
DTAWASAGYEVAYEQFVLPAKAAMPSVKAAHPALTVDQNEQTLTVTGTNFTAIFDKRKG 
 
QFISYNYERTELLASGFRPNFWRAVTDNDLGNKLHERCQTWRQASLEQHVKKVIVQPQV 
QFISYNYERTELLASGFRPNFWRAVTDNDLGNKLHERCQTWRQASLEQHVKKVTVQPQV 
 
DFVIISVELALDNSLASCYVTYTLYNDGKMKIEQSLAPSETMPEIPEIGMLFTMNAAFD 
DFVIISVELALDNSLASCYVTYTLYNDGEMKIEQSLAPSETMPEIPEIGMLFTMNAAFD 
 
FDSLTWYGRGPHENYWDRKTGAKLALHKGSVKEQVTPYLRPQECGNKTDVRWATITNDQ 
FDSLTWYGRGPHENYWDRKTGAKLALHKGSVKEQVTPYLRPQECGNKTDVRWATITNDQ 
 
GRGFLIKGLPTVELNALPYSPFELEAYDHFYKLPASDSVTVRVNYKQMGVGGDDSWQAK 
GRGFLIKGLPTVELNALPYSPFELEAYDHFYKLPASDSVTVRVNYKQMGVGGDDSWQAK 
 
THPDYTLYANRSYTNTFTLKPL 
THPNYTLYANRSYTNTFTLKPL 
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LacA clonado····························M·SKLEKTHVTGAKFML 
LacA (NC_000964)······················· MMSKLEKTHVTKAKFML 
 
HGGDYNPDQWLDRPDILADDITLMKLSHTNTFSVGIFAWSALEPEEGVYQFEWLDDI 
HGGDYNPDQWLDRPDILADDIKLMKLSHTNTFSVGIFAWSALEPEEGVYQFEWLDDI 
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FERIHSIGGRVILATPSGARPAWLSQTYPEVLRVNASRVKQLHGGRHNHCLTSQVYR 
FERIHSIGGRVILATPSGARPAWLSQTYPEVLRVNASRVKQLHGGRHNHCLTSKVYR 
 
EKTRHINRLLAERYGNHPALLMWHISNEYGGECHCDLCQHAFREWLKSKYDNSLKAL 
EKTRHINRLLAERYGHHPALLMWHISNEYGGDCHCDLCQHAFREWLKSKYDNSLKTL 
 
NHAWWTPFWSHTFNDWSQIESPSPIGENGLHGLNLDWRRFVTDQTISFYENEIIPLN 
NHAWWTPFWSHTFNDWSQIESPSPIGENGLHGLNLDWRRFVTDQTISFYENEIIPLK 
 
ELTPDIPITTNFMADTPDLIPYQGLDYSKFAKHVDVISWDAYPVWHNDWESTADLAM 
ELTPDIPITTNFMADTPDLIPYQGLDYSKFAKHVDAISWDAYPVWHNDWESTADLAM 
 
KVGFINDLYRSLKQQPFLLMECTPSAVNWHNVNKAKRPGMNLLSSMQMIAHGSDSVL 
KVGFINDLYRSLKQQPFLLMECTPSAVNWHNVNKAKRPGMNLLSSMQMIAHGSDSVL 
 
YFQYRKSRGSSEKLHGAIVDHDNSPKNRVFQEVAKTGETLERLSEVVGTKRPAETAI 
YFQYRKSRGSSEKLHGAVVDHDNSPKNRVFQEVAKVGETLERLSEVVGTKRPAQTAI 
 
LYDWENHWALEDAQGFAKATKRYAQTLQQHYRTFWEHDIPVDVITKEQDFSPYKLLI 
LYDWENHWALEDAQGFAKATKRYPQTLQQHYRTFWEHDIPVDVITKEQDFSPYKLLI 
 
VPMLYLISEDTISRLKTFTANGGALVMTYISGIVNEHDLTYTGGWHPDLQAIFGIEP 
VPMLYLISEDTVSRLKAFTADGGTLVMTYISGVVNEHDLTYTGGWHPDLQAIFGVEP 
 
LETDTLYPKDRNAVSYRSQTYEMKDYATVIDVKTASAEAVYQEDFYARTPAVTSHQY 
LETDTLYPKDRNAVSYRSQIYEMKDYATVIDVKTASVEAVYQEDFYARTPAVTSHEY 
 
QQGKAYFIGARLKDQFHRDFYEGLITDLSLSPVFPVRHGKGVSVQARQDQDNDYIFV 
QQGKAYFIGARLEDQFQRDFYEGLITDLSLSPVFPVRHGKGVSVQARQDQDNDYIFV 
 
MNFTEEKQLVTFDHSVKDMMTGDILSGDLTLEKYEVRIVVNTH 
MNFTEEKQLVTFDQSVKDIMTGDILSGDLTMEKYEVRIVVNTH 
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LacZ (pBUL).·······························MSNKLVKEKRVDQADL 
LacZ (M55068)······························MSNKLVKEKRVDQADL 
 
AWLTDPEVYEVNTIPPHSDHESFQSQEELEEGKSSLVQSLDGDWLIDYAENGQGPVNFY 
AWLTDPEVYEVNTIPPHSDHESFQSQEELEEGKSSLVQSLDGDWLIDYAENGQGPVNFY 
 
AEDFDDSNFKSVKVPGNLELQGFGQPQYVNVQYPWDGSEEIFPPQIPSKNPLASYVRYF 
AEDFDDSNFKSVKVPGNLELQGFGQPQYVNVQYPWDGSEEIFPPQIPSKNPLASYVRYF 
 
DLDEAFWDKEVSLKFDGAATAIYVWLNGHFVGYGEDSFTPSEFMVTKFLKKENNRLAVA 
DLDEAFWDKEVSLKFDGAATAIYVWLNGHFVGYGEDSFTPSEFMVTKFLKKENNRLAVA 
 
LYKYSSASWLEDQDFWRMSGLFRSVTLQAKPRLHLEDLKLTASLTDNYQKGKLEVEANI 
LYKYSSASWLEDQDFWRMSGLFRSVTLQAKPRLHLEDLKLTASLTDNYQKGKLEVEANI 
 
AYRLPNASFKLEVRDSEGDLVAEKLGPIRSEQLEFTLADLPVAAWSAEKPNLYQVRLYL 
AYRLPNASFKLEVRDSEGDLVAEKLGPIRSEQLEFTLADLPVAAWSAEKPNLYQVRLYL 
 
YQAGSLLEVSRQEVGFRNFELKDGIMYLNGQRIVFKGANRHEFDSKLGRAITEEDMIWD 
YQAGSLLEVSRQEVGFRNFELKDGIMYLNGQRIVFKGANRHEFDSKLGRAITEEDMIWD 
 
IKTMKRSNINAVRCSHYPNQSLFYRLCDKYGLYVIDEANLESHGTWEKVGGHEDPSFNV 
IKTMKRSNINAVRCSHYPNQSLFYRLCDKYGLYVIDEANLESHGTWEKVGGHEDPSFNV 
 
PGDDQHWLGASLSRVKNMMARDKNHASILIWSLGNESYAGTVFAQMADYVRKADPTRVQ 
PGDDQHWLGASLSRVKNMMARDKNHASILIWSLGNESYAGTVFAQMADYVRKADPTRVQ 
 
HYEGVTHNRKFDDATQIESRMYAPAKVIEEYLTNKPAKPFISVEYAHAMGNSVGDLAAY 
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HYEGVTHNRKFDDATQIESRMYAPAKVIEEYLTNKPAKPFISVEYAHAMGNSVGDLAAY 
 
TALEKYPHYQGGFIWDWIDQGLEKDGHLLYGGDFDDRPTDYEFCGNGLVFADRTESPKL 
TALEKYPHYQGGFIWDWIDQGLEKDGHLLYGGDFDDRPTDYEFCGNGLVFADRTESPKL 
 
ANVKALYANLKLEVKDGQLFLKNDNLFTNSSSYYFLTSLLVDGKLTYQSRPLTFGLEPG 
ANVKALYANLKLEVKDGQLFLKNDNLFTNSSSYYFLTSLLVDGKLTYQSRPLTFGLEPG 
 
ESGTFALPWPEVADEKGEVVYRVTAHLKEDLPWADEGFTVAEAEEVAQKLPEFKPEGRP 
ESGTFALPWPEVADEKGEVVYRVTAHLKEDLPWADEGFTVAEAEEVAQKLPEFKPEGRP 
 
DLVDSDYNLGLKGNNFQILFSKVKGWPVSLKYAGREYLKRLPEFTFWRALTDNDRGAGY 
DLVDSDYNLGLKGNNFQILFSKVKGWPVSLKYAGREYLKRLPEFTFWRALTDNDRGAGY 
 
GYDLARWENAGKYARLKDISCEVKEDSVLVKTAFTLPVALKGDLTVTYEVDGRGKIAVT 
GYDLARWENAGKYARLKDISCEVKEDSVLVKTAFTLPVALKGDLTVTYEVDGRGKIAVT 
 
ADFPGAEEAGLLPAFGLNLALPKELTDYRYYGLGPNESYPDRFEGNYLGIYQGAVKKNF 
ADFPGAEEAGLLPAFGLNLALPKELTDYRYYGLGPNESYPDRLEGNYLGIYQGAVKKNF 
 
SPYLRPQETGNRSKVRWYQLFDEKGGLEFTANGADLNLSALPYSAAQIEAADHAFELTN 
SPYLRPQETGNRSKVRWYQLFDEKGGLEFTANGADLNLSALPYSAAQIEAADHAFELTN 
 
NYTWVRALSAQMGVGGDDSWGQKVHPEFCLDAQKARQLRLVIQPLLLK 
NYTWVRALSAQMGVGGDDSWGQKVHPEFCLDAQKARQLRLVIQPLLLK 

 
�� ��
���9��/
� �
�
������	��
��	��	���
�
� ��

�+���
��	�����
��	���	����	��
��
�
�
�	��	����#�� ��
��-;0�� %�	�	�� ��,����
� 
� �
� �	�
���
�
� �
��	�� �<��	�

��	�
�� DD�:>��	�@/-C���

�
�����.���
�����������������8�� ���������5��������
�����
;������������

G
��0	1�����
����
�	���������	���!/	��0�?��
�
����	
	���	�

����
�����������?�	
������	
�	������	
�
�	������
�
��	����!�/��	���

�!�	
	���
��;������	����������
��	�	�����	
1��������
�1�
����
�

����	����	�	4��	���
�)�	�����
�	��������	)�����������
����
	�A��
���

�	
����	
��� �� $���
����� �	� ����$������
� �	� 
�� ����	(
�� 	4��	������

���� 
��� ������	�(������� )�	� �	�  �
� �	������� 	
� B.��	���
	�� ��

�;�����C� 80	�� ��������� %��9?�������� ��
����
� 	�� �
�  ���	������

����� 	4��	���
�  	�	��
���� �	� ����	(
��� )�	� �	� ������!�� ��



�����5�
	�����
�(���A��
�
�

 
 

!1,


�	������ �	)�	����	
����� '�� �
� ����	��� !�	
� ������	��1���� )�	�

�	
	��
�	
�	� �	����	� �
� �
��� �	
����	
��� �	� 	4��	���
� �� )�	?�

�������� �� 
�� ����!�
����� �	� �������� 
�� ���������
� �	� 
�� ����	(
�� �	�

�
�	�;�� �
� �	���� 	4����	
�
��?� $���
���� 
�� ����$������
� �	� ��� ��

����	(
��� ����� ���
�1��� ��� ��
����
� �����  ���	������ 	
� 
���

	4�	���	
���� �	� 	4��	���
� �	� 
��� �	
	�� �	� ����
������������

 Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG TTA AAA ACC
Glu Lys Arg Glu Ala Glu Ala Ala Val Leu Lys Thr

Factor � mbgA

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG TTA AAA ACC
Glu Lys Arg Glu Ala Glu Ala Ala Val Leu Lys Thr

Factor �

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG TTA AAA ACC
Glu Lys Arg Glu Ala Glu Ala Ala Val Leu Lys Thr

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG TTA AAA ACC
Glu Lys Arg Glu Ala Glu Ala Ala Val Leu Lys Thr

Factor � mbgA

Factor � 

PromAOX1 

EcoR V Pst I 

BstX I 

Sal I 

Nde I 

Bgl II 

HinD III 

pBT19 
6,71 kb 

mbgA 

ori 

ZeoR TAOX1 

Xba I 
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ori 

Factor � 

ZeoR 

Xba I 

BstX I 

Pst I 
  

EcoR V   

       HinD III         EcoR V   

Sal I   

Nde I 

EcoR V   

lacA PromAOX1 

pBT17 
5,66 kb 

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTA AAG CTT GAA
Glu Lys Arg Glu Ala Glu Ala Ala Val Lys Leu Glu

Factor � lacA

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTA AAG CTT GAA
Glu Lys Arg Glu Ala Glu Ala Ala Val Lys Leu Glu

Factor �

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTA AAG CTT GAA
Glu Lys Arg Glu Ala Glu Ala Ala Val Lys Leu Glu

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTA AAG CTT GAA
Glu Lys Arg Glu Ala Glu Ala Ala Val Lys Leu Glu

Factor � lacA

TAOX1 
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Factor � 

ori Nco I 

Pst I 

HinD III 

HinD III 
Nco I 

Xba I 

lacZ 
pBT50 
6,61 kb 

ZeoR 

PromAOX1 

Kpn I 

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG AGC AAT AAG
Glu Lys Arg Glu Ala Glu Ala Ala Val Ser Asn Lys

Factor � lacZ

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG AGC AAT AAG
Glu Lys Arg Glu Ala Glu Ala Ala Val Ser Asn Lys

Factor �

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG AGC AAT AAG
Glu Lys Arg Glu Ala Glu Ala Ala Val Ser Asn Lys

Pst I
GAG AAA AGA GAG GCT GAA GCT GCA GTG AGC AAT AAG
Glu Lys Arg Glu Ala Glu Ala Ala Val Ser Asn Lys

Factor � lacZ

TAOX1 
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1 MSNKLVKEKRVDQADLAWLTDPEVYEVNTIPPHSDHESFQSQEELEEGKS 50 
51 SLVQSLDGDWLIDYAENGQGPVNFYAEDFDDSNFKSVKVPGNLELQGFGQ 100 

                                C V1402 
 
 
101 PQYVNVQYPWDGSEEIFPPQIPSKNPLASYVRYFDLDEAFWDKEVSLKFD 150 
151 GAATAIYVWLNGHFVGYGEDSFTPSEFMVTKFLKKENNRLAVALYKYSSA 200 
201 SWLEDQDFWRMSGLFRSVTLQAKPRLHLEDLKLTASLTDNYQKGKLEVEA 250 
251 NIAYRLPNASFKLEVRDSEGDLVAEKLGPIRSEQLEFTLADLPVAAWSAE 300 
301 KPNLYQVRLYLYQAGSLLEVSRQEVGFRNFELKDGIMYLNGQRIVFKGAN 350 

                                                  H V1853 
 
 
 
351 RHEFDSKLGRAITEEDMIWDIKTMKRSNINAVRCSHYPNQSLFYRLCDKY 400 

           R V1405 

         A V1057,V1405 
 
 
401 GLYVIDEANLESHGTWEKVGGHEDPSFNVPGDDQHWLGASLSRVKNMMAR 450 
451 DKNHASILIWSLGNESYAGTVFAQMADYVRKADPTRVQHYEGVTHNRKFD 500 
501 DATQIESRMYAPAKVIEEYLTNKPAKPFISVEYAHAMGNSVGDLAAYTAL 550 
551 EKYPHYQGGFIWDWIDQGLEKDGHLLYGGDFDDRPTDYEFCGNGLVFADR 600 
601 TESPKLANVKALYANLKLEVKDGQLFLKNDNLFTNSSSYYFLTSLLVDGK 650 
651 LTYQSRPLTFGLEPGESGTFALPWPEVADEKGEVVYRVTAHLKEDLPWAD 700 
701 EGFTVAEAEEVAQKLPEFKPEGRPDLVDSDYNLGLKGNNFQILFSKVKGW 750 

              S V505 
 
 
751 PVSLKYAGREYLKRLPEFTFWRALTDNDRGAGYGYDLARWENAGKYARLK 800 
801 DISCEVKEDSVLVKTAFTLPVALKGDLTVTYEVDGRGKIAVTADFPGAEE 850 
851 AGLLPAFGLNLALPKELTDYRYYGLGPNESYPDRFEGNYLGIYQGAVKKN 900 
901 FSPYLRPQETGNRSKVRWYQLFDEKGGLEFTANGADLNLSALPYSAAQIE 950 
951 AADHAFELTNNYTWVRALSAQMGVGGDDSWGQKVHPEFCLDAQKARQLRL 1000 

                 A V1405                      L V1118 
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.  Regiones flexibles según Karplus-Schulz (1985) 

.  Regiones alfa según Chou (1990) 

.  Regiones beta según Chou (1990) 

.  Regiones de giro según Chou (1990) 
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.  Regiones alfa según Chou (1990) 
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