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1) INTRODUCCION 

1.1) Objetivos. 

Los objetivos del trabajo de esta tesis se encue~ 

tran relacionados con dos desarrollos metodol6gicos recien

tes: la recombinaci6n in vitro de ácidos nucléicos y la 

sintesis quimica de polinucle6tidos. 

Se intent6 desarrollar tres aspectos básicos 

con consecuencias en el mejoramiento metodol6gico y aplica

: ci6n al conocimiento básico ~e sistemas de expresi6n genét~ 

ca. 

a) Construir veh!culos de clonación molecular -

particularmente 6tiles para la clonaci6n y utilizaci6n de -

segmentos sintéticos de' DNA y para el estudio de la expre-

si6n de promotores procariontes. 

b) Investigar aspectos importantes para simpli~ 

ficar la producción de fragmentos sintéticos de DNA de doble 

cadena. 

c) Obtener un sistema 6til para la investigaci6n 

de la estructura y función de promotores de É· coli. 
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1.2.1) Vehículos de clonación molecular. 

El vehículo de clonación molecular constituye un 

factor fundamental en las técnicas de recombinación in vitre 

de ácidos nucléicos. No es solamente el medio utilizado -

para mantener e.l DNA recombinante establemente dentro de la 

célula sino que se estructura determina en muchos casos·la 

estrategia y las diversas alternativas que se tienen para -

un experimento de clonación (Bolivar et al, 1977; Bolivar y 

Backma11, 1979). 

Dos vehículos moleculares que han sido utiliza-

dos en un gran número de proyectos son los plásmidos pBR322 

y pBR325 (Bolivar et al, 1977; Bolivar, F., 1978). Las ca

racterísticas de estos vehículos pueden ser modificadas en 

forma ventajosa,. eliminando material dispensable presente -

en ellos. La región comprendida entre el origen de replic~ 

ci6n y el extremo 3' del gene que codifica para resistencia 

a tetraciclina contiene algunas secuencias que son dispens~ 

bles para las funciones de replicación y resistencia a anti

bióticos del plásmido; estas secuencias, sin embargo, con--

fieren ~ el plásmido la posibilidad de ser transferido 

en ciertas condiciones (Young and Poulis, 1975) y codifican 

por lo menos para dos polipéptidos pequefios (menos de 10 Kd) 

dispel'fiables para las funciones esenciales del plásmido (Cov~ 
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rrubias et al, 1981). La eliminaci6n de este segmento pro

duce, por lo tanto, varias ventajas al plásrnido corno vehíc~ 

lo de clonaci6n: 

1) Eliminaci6n de bandas en patrones de restri~ 

ci6n. Corno consecuencia se facilita el análisis del mapa -

físico de segmentos de DNA clonados en ~l. 

2) Eliminaci6n de bandas en geles de an4lisis 

de.proteínas en sistemas de minicélulas o de transcripci6n 

Y. traducci6n in vi tro, dependiente de DNA. 

3) Mayor confinamiento biol6gico, dada la dismi 

nuci6n en la posibilidad de transferencia del pl4smido por 

conjugaci6n. 

A pesar de la existencia de vehículos de clona·

ci6n muy versátiles y de un buen nOmero de ellos, (Collins, 

J. 1979), proyectos específicos siguen requiriendo de la 

construcci6n de vehícu1o·s con características diferentes a 

las ya existentes, 

Por otra parte, el desarrollo de la síntesis qu! 

mica de polinucle6tidos (ver capitulo 1,2.2) ha generado 
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una demanda de vehículos moleculares especialmente útiles -

para la aplicaci6n de esta metodología. 

Dos características particularmente importantes 

en los vehículos de clonaci6n en este contexto son su tama

fio y el namero de sitios de restricci6n únicos que conten-

gan. 

Dada la limitaci6n presente en la síntesis qulmi

c~: de polinucle6tidos en cuanto a la longitud de las cadenas 

que se pueden sintetizar dire"ctamente (no más de 40 nucle6-

~~dos), (Dembeck e Itakura, 1981), un vehículo molecular p~ 

quefio y 100\ caracterizado a nivel de secuencia nucleotldi 

ca resulta importante en la manipulaci6n de estos fragmen-

tos. 

Asimismo, la presencia de buen namero de sitios 

de restricci6n únicos facilita el disefio de las piezas in-

termedias para construir secuencias más largas de DNA de do 

ble cadena. 

Los vehículos pBR327 y pBR328 reúnen estas cara~ 

terlsticas mejoradas y deben resultar particularmente útiles 

a este respecto. 
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1.2.2) Síntesis Química de Polinucle6tidos. 

1.2.2.1) Aplicaciones. 

La convergencia del desarrollo de las t~cnicas de 

recombinaci6n in vitro de ácidos nucléicos y la síntesis 

química de polinucle6tidos ha conferido a esta a1tima una -

relevancia particular como herramienta para el estudio bási 

co de la expresi6n genética y en el disefio de sistemas para 

la expresi6n de DNA heter6logo en microorganismos. 

Algunos de los aspe_ctos en que destaca la aplica

ci6n de esta metodología son los siguientes: 

a) Construcci6n y expresi6n de genes sintéticos. 

Algunos genes que codificap para polipéptidos de 

interés en la medicina han sido sintetizados total o parcial 

mente e introducidos en c~lulas bacterianas· o de levadura y 

empiezan a ser producidos por fermentaci6n (Goedel et al, 

1979, a y b), 

b) Estudio de regiones regulatorias • . 
El estudio de regiones de DNA que interaccionan -

con proteínas regulatorias especificas ha sido facilitado -

mediante la síntesis de estas regiones y análogos de ellas 
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(Kawashima et al, 1977, Goedel, et al, 1978). Este enfoque 

parece muy prometedor en el esclarecimiento de la relaci6n 

estructura-funci6n de estas regiones del DNA. 

c) Conformaci6n de ~cidos nucléicos. 

La posibilidad de sintetizar cantidades de mili

gramos de secuencias especificas y cortas de DNA en forma -

altamente pura, ha permitido la obtenci6n de cristales de -

estas moléculas y su estudio por cristalografia de rayos X 

basta una resoluci6n at6mica. Estos estudios han confirma

do la validez de algunos de ios modelos estructurales pro-

puestos para el DNA (Wing, et al, 1980; Conner, et al, 1981) 

y han demostrado la existencia de estructuras alternativas 

nunca ante~ propuestas, altamente sugestivas en cuanto a su 

posible relevancia biol6gica (Wang, et al, 1977). 

d) Mutag6nesis dirigida. 

Los polinucle6tidos sintetizados qulmicamente -

proveen también de la posibilidad de realizar alteraciones 

totalmente especificas en sitios determinados de una seclll!!l 

cia de DNA. Este procedimiento ha sido utilizado con ~xi

to en la producci~n de mutaciones puntuales y deleciones -

(Wallace, et al, 1980, Gillam and Smith, 1979), en varios 

sistemas. 
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Cabe destacar que el mismo oligonucleótido que -

se usa para producir una mutación es útil también para la -

detección de las clonas que la adquirieron al usarse como 

rastreador de hibridizaci6n. Asi pues, la obtención y es

tudio de mutaciones específicas no requiere de un fenotipo 

seleccionable. 

e) Aislamiento de genes espec!ficos. 

A la fecha se han usado con éxito rastreadores 

de hibridizaci6n sintéticos para la detecci6n de secuencias 

especÜicas de RNA representadas en porcentajes del orden 

del 1\'."en la población de mensajeros (o un banco de cDNA -

correspondiente.) Este procedimiento consiste en el dise

fio y sintesis deºun segmento de DNA cuya secuencia sea 

r complementaria a ia. de una regi6n del mensajero que se bu~ 

ca, Esto se hace bas4ndose en la secuencia del polipépti

do codificado por el mensajero (la degeneraci6n del código 

gen6tico hace que pueda ser necesaria la sintesis de varios 

segmentos o mezclas de ellos para asegurarse de que se ti~ 

ne'la secuencia requerida), Este enfoque debe resultar 

altamente fructifero en el aislamiento de genes cuyos men· 

sajeros se encuentran en baja proporci6n. (Agarwal, et al, 

1981). 
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1.2.2.2) Metodología: el enfoque del triesfer. 

El objetivo buscado en la sintesis química de P2. 

linucle6tidos es la formaci6n sucesiva de enlaces entre los 

cuatro diferentes nucle6tidos: desoxiadenilato, desoxiciti

dilatq,desoxiguanilato y Timidilato. La formación de estos 

enlaces debe ser específica, tanto en lo que se refiere a -

las posiciones del nucleótido que reaccionan (amino 5', 3', 

ety) como,desde luego, en lo que se refiere al orden o se-

cuencia en la formaci6n de estos enlaces. 

La materia prima para la síntesis consiste en los 

cuatro desoxinucleosidos que constituyen el DNA. Estos nu

cle6sidos deben ser protegidos selectivamente en sus posi-

ciones 5' y 3' y en los grupos amino Número 6, 2 y 4 de las 

bases adenina, guanina y citosina, respectivamente. La pro 

tecci6n de los grupos amino es necesaria para evitar que 

reaccionen durante la sfntesis de las cadenas DNA y produz

can cadenas ramificadas. Los grupos 3' y 5' son protegidos 

para poder controlar el sentido del crecimiento. de las cad~ 

nas, es decir para producir siempre enlaces 5' ·---+- 3', ev! 

tando los compuestos simétricos 3' - 3' y 5' - 5'. 
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La elecci6n de los grupos protectores present6 -

un problema importante y fue fundamentalmente solucionado -

por el cldsico trabajo de Khorana y colaboradores al final 

de los aftos 'SO y la d~cada de los '60. (Khorana et al, 

1956; Agarwal et al, 1972). 

La selecci6n de los grupos protectores se bas6 -

en los siguientes criterios: 

1) Relativamente flicil de introducir. 

Z) Estable durante las condiciones de reacci6n. 

3) 

. . · 4) 

Fdcil de remover al final de la sintesis, ba 
jo condiciones en las cuales el producto es
completamente estable . 

La remoci6n de grupos protectores transito- -
ríos debe ser selectiva; esto es, el resto -
de los grupos protectores deber4 ser estable 
durante este proceso •. 

Un buen cuerpo de invéstigaci6n apoya el uso gen~ 

ralizado en la actualidad, de los siguientes grupos protec

tores (Reese, 1978): 

1) Grupos 6 amino de adenina y 4 amino de citosi 
na: benzoilo. 

2) Grupo_ 2 amino de Guanina: isobutirilo. 

3) Grupo 5' oxhidrilo: Dimetoxitrilo (4-4'-dime 
toxi-trifenil metilo). • -
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Los grupos protectores de las funciones amino 

son estables bajo las condiciones de reacción de sintesis y 

son removidos por amoni61isis en condiciones bajo las cua-

les el DNA es completamente estable. 

' El grupo dimetoxitrilo es estable al alcali pero 

se hidroliza fácilmente en condiciones 4cidas suaves. 

La fosforilaci6n de los nucle6tidos protegidos -

en· sus grupos amino y 5' OH ha sido objeto de intensa inve~ 

tigaci6n. Los trabajos iniciales se realizaron utilizando 

fosfato inorgánico y un reactivo acoplador (dicidohexilcar

bodiimida) y se desarrollaron para dar origen al m~todo 

llamado del fosfodiester (Argawal et al, 1972). Este meto

do de sintesis fue posteriormente sustituido por los del 

fosfotriester y del fosfito, que son los usados en la actua 

lidad (Itakura, K., 1980). 

El método del fosfotriester fue usado en el, pre-

sente trabajo y ser& descrito, a grandes rasgos, a continu!. 

ci6n. (Broka et al, 1980). 

Como se describe en la· figura 1, la fosforila·

ci6n de los rucleosidos protegidos en amino y 5 1 se realiza 
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sobre el oxhidrilo libre 3 1 mediante el uso de 2-clorofenil 

fosforoditriazólido (II). Este reactivo fosforilador pre-

senta la ventaja de ser esencialmente monofuncional en au-

sencia de catalizadores y resulta en la producci6n del mon~ 

triazÓlido (IV) del nucleósido correspondiente (III). 

El monotriazólido es un intermediario versátil -

y puede ser activado para reaccionar en su extremo 3•· fosf~ 

to al adicionar un nucle6filo y un catalizador o puede ser 

hidrolizado al correspondiente fosfato (V). 

La reacci6n de IV con el nucleófilo 3-hidroxipro

pionitrilo, en presencia de 1-metilimidazol como catalizador, 

genera el nucle6sido completamente protegido (VII). Este -

intermediario es muy estable (meses a -20°C) y puede ser ac 

tivado selectivamente en sus extremos 51 6 3 1 en presencia 

de Acido (destritilaci6n, para dar VI) o en condiciones al

calinas suaves (descianoetilaci6n, para dar V). 

A partir de estos intermediarios, la sfntesis se 

lleva a cabo mediante adiciones sucesivas de los nucle6si-

dos especfficos requeridos para una secuencia en particular. 



Figura 1. Descripción esquem&tica de los principales inte~ 

mediarios en la slntesis de bloques de triester 

completamente protegidos. Intermediarios clave: 

IV: fosfomonotriazol, mon6mero activado en 3'¡. : 

.. •. 

VII: mon6mero completamente protegido, puede a~ 

tiv.arse en 5' 6 3'; VIII: dlmero completamente 

protegido¡ XIII: 

do. 

trlmero completamente proteg!. 
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Si se hacen reaccionar los intermediarios (IV) -

y (VI) en presencia de N-metilimidazol, se obtiene el dinu

cle6tido correspondiente.' A partlr de este, y después de -

activarlo en su posici6n S' puede repetirse la reacci6n con 

IV y obtener un trinucle6tido. Utilizando variantes de es

ta estrategia se pueden ir adicionando nucle6tidos o bioques 

(di y trinucle6tidos) hasta construir el oligonucle6tido r~ 

querido (Crea et al, 1978). 

El uso de reactivos aclopadores como trisisopro

"pio bencesulfonil tetrazÓlidó (TPST) sobre los intermedia-

!~os 5' OH y 3i fosfato es también una ruta adecuada para -

la obtenci6n de los enlaces fosfotriester. 

Las reacciones anteriores son llevadas a cabo en 

soluci6n en piridina y en condiciones anhidras. Los inter

mediarios de la_sintesis (olig6meros) son purificados crom.!!: 

togrlficaménte (silica gel) después de cáda reacci6n de ac~ 

plamiento. 

El método de síntesis ·en soluci6n descrito cons

tituye un sistema adecuado para la preparaci6n de cantida-

de.s grandes· de DNA (100 mg de producto final o m4s); 



13. 

' Alternativamente, para la preparaci6n de cantida 

des menores de polinucle6tidos, suficientes para la gran ma

yorla de las aplicaciones ya mencionadas, se utiliza un so-

porte s6lido y se substituye el paso de purificaci6n despues 

de cada adici6n. En este caso.los subproductos y los react!_ 

vos no reaccionados son lavados por filtraci6n de la resina 

sobre la que la cadena va creciendo, (ver figura 2). 

Como Gltimo paso, se remueven los grupos protec--
• tores y se purifica el producto terminado por cromatografla 

liquida de al ta perfomancia y /o electroforesis en gel de 

poliacrilamida (Miyoshi -et al 1980) , 

1. 2. 3) Elementos para el disefto de un promotor 

"consenso" de E. coli y su élonaci6n·en un vehlculo molecular. 

·1 
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Figura Z. Sintesis en soporte s61ido. · L'os pasos principales 

son 1) acoplamiento, Z) bloqueo de cadenas no reaf 

cionadas 3) remociOn del grupo protector 5'. En-

. . 

tre cada paso la resina, se lava varias veces. An

tes del primer paso. la resina· se seca por cqevapQ 

raci6n al vaclo con piridina. 
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En los ~ltimos afios, la disponibilidad de un buen 

nfunero de reportes de regiones regulatorias del genoma de ~· 

coli, caracterizadas a nivel de secuencia nucle6tida, ha pe! 

mitido un estudio comparativo de estas regiones y la genera-· 

ci6n de hip6tesis respecto a la estructura general que cons

tituye el promotor. 

En E. coli, una sola enzima, la RNA polimerasa, 

es responsable de la transcripci6n de todos los genes y ope

.rones. Este hecho hace suponer que debe encontrarse un con

junto ~e caracteristicas estructurales especificas, comQnes, 

en todas .las secuencias responsables de la iniciaci6n de la 

transcripci6n en este organismo, 

··El estudio comparativo de diferentes secuencias 

con actividad de promotor ha.destacado interesantes semejan

zas en cuanto a ·la secuencia nucleotidica de ellas. 

Desde el principio result6 aparente la similitud 

encontrada en la regi6n correspondiente a los nucle6tido~ 

-7 a -12 (+1 es el primer nucle6tido que se transcribe (Pri~ 

now, D. 1975)). Posteriormente estas semejanzas fueron exte!!. 

didas a otra regi6n. entre los nucle6tidos -30 y -35. (Sc~al 
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ler et al, 1975), Cabe destacar que para que ·exista una m! 

xima homologla en las dos regiones mencionadas se debe per

mitir una variaci6n en la distancia entre las dos de más o 

menos dos pares de bases. 

En algunos trabajos de revisi6n, se han destacado 

estas similitudes despu~s de comparar más de SO promotores 

de ~. coli. Existen tres aspectos fundamentales que desta

can la importancia de estas regiones: Por una parte, se o~ 

serva que cada una de las posiciones mencionadas está ocup! 

da en la mayorla de los casos pur una base determinada (es

.to es estadisticamente significativo). En segundo lugar, 

la gran mayorla de las mutaciones encontradas hasta la fecha 

y que pro.d_µcen un aumento o disminuci6n de la fuerza del pr2_ 

motor corre5po.ndiente, se encuentran alterando alguna de e! 

tas dos regiones de homologla. M'5 a6n, por lo regular, 

l'as mutaciones que desvlan al promotor de la secuencia "co!!_ 

senso" dis~inuyen la actividad del promotor y viceversa. 

Por último, experimentos de protecci6n y de bloqueo con 

reactivos qulmicos que modifican el DNA confirman la impor

tancia de estas regiones (Siebeneist et al, 1980). 

A pesar de estas observaciones, no se ·ha llegado 

a6n al punto en el que a partir de la secuencia nucleotfdi

ca se pueda predecir la eficiencia de un promotor o siquie-
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ra si un segmento de DNA debe tener actividad de promotor. 
"· 

Tampoco existe una.idea clara respecto a la relación que 

guardan las regiones centradas en -10 y -35 con la función 

del promotcir. 

Tomando estos antecedentes en consideración.se -

decidió realizar la.sintesis quimica de un segmento de DNA 

que ·incorpora las caracteristicas siguiéntes: 

·,. 
1) Secuencias "consenso" en las regiones -1 O y 

;35. (ning6n promotor naturál contiene estas dos regiones 

.c.onsenso simultáneamente) . 

. Z) Un sitio de restricción en posición interm!!_ 

dia entre estas dos regiones. Esto se decidió con el obj!!_ 

to de poder recombinar en forma sencillá ambas regiones con 

- otros segmentos. de DNA, as1. como variantes de ellas unas - · 

con otras. 

Adicionalmente, se introdujo en el disefio un ·si 

tio de restricción en un extremo de la molGcula a sinteti-
.· 

zar para facilitar la subsecuente clonación del segmento. 

··J<:.i. 
"¡ 

1 
1 . ! 
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· El resto de la secuencia fue disefiada consideran-

do la simplificaci6n del esquema cde . s1'.ntesis quimica y evi

tando secuencias palindr6micas qme pudieran estorbar en mani 

pulaciones subsecuentes. 

En la figura 3 se muestra la secuencia "consenso" 

derivada de la revisi6n de 54 prouuotores (Siebeplist et al -

1980).y el disefto para el promotcn- sintético. 

Para el disefio del praunotor se consider6 también 

la posibilidad de· obtener un' sisoema eficiente para la expr~ 

•sic6n de genes, Cabria suponer q!Ue una secuencia consenso -

que contiene las bases m&s conserYadas de.acuerdo con el es

tudio de ~n buen ndmero de promooores, es un candidato para 

constituir un promotor fuerte. P~r otra parte, resulta int~ 

resan~e como.primera aproximaci6mpara.un estudio sistem4ti-

. c!o de la relación. estructura-,funcl6n de estas regione_s regu

latoTias. 

Z) RESULTADOS. 

Z.1) Obtención de del~ciones de los pllsmidos 

pBR3ZZ 6 pBR3ZS. 

Como se detallan en lm publicación anexa (Soberón, 

et al, 1980), se construyeron do~ vehiculos moleculares con -

caractertsticas mejoradas respecpo a sus predecedores pBR3ZZ 



. 
Figura 3., a) Comparación de la secuencia "consenso" obte 

nida a partir de la revisión de 54 promot;!)-
i 

res y la secuencia diseliada por el promotor '1 

... ... 

. • .. :; 

A. 

. b) 

sintétic·o· • 

El promotor sintetizado y sus principales -

caracteristicas • 

Compilaci6n de 54 promotores (Siebenlist et al, 1980): 

~TAATTcTTGACATTTTTT-TACTATTaGGTATAATGC---CCATCAATAGAT 

B. 

Promotor.sint6tico: 

GAATTCTTGACAATTAGTTAACTATTTGTTATAATGTATTCCCAAGCTT 

E.R.1 "va\ -10 
GGAATTCTTGACAATTAGTTAAC'l'ATTTGTTATAATGTA'l"l'C 
CCTTAAGAACTGTTAATCAATTGATAAACAATATTACATAAG 

· ¡ 

l 
1 

1 
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; 

j 

y ·pBR325 :~Estas caracteristicas (tamaño pequeño, menor nlim~ j 
ro de transcritos (Covarrubias et al, 1981), y gran ntimero de - :i 
sitios de restricción linicos) son particularmente titiles P! 

rala manipulación de DNA sintético (ver Discusión General). 

2.2) Sintesis quimica-enzimlltica de un promotor 

consenso de E. coli. 

En el manuscrito anexo se describe la síntesis de 

un·promotor consenso de~· coli. Los elementos considerados 

para su diseño han sido ·descritos en la introducci6n • 

' . . . 2,3) Construcci6n de un vehiculo molecular para 

la'deiecci6n y ensayo de promotores de E, coli • 

. ,El (los) gene(s) que confieren resistencia a te

traciclina e.n· el plásmido pBR322 (y su derivado pBR327) son 

transcritos a· partir de un promotor localizado en la regi6n 

que se abarca desde la posici6n <i.S .hasta la posici6n '1148 en 

el mapa del plásmido (Rodriguez et al, 1979). 

En la posici6n 29 de estos plásmidos se localiza 

un sitio reconocido por la Endonucleasa HindIII, (Bolívar 

et al, 1977); este sitio ha sido usado en numerosas ocasio

nes para clonar frgamentos de DNA y la inserci6n de estos -

fragmentos inactiva, en la gran mayoria de los casos, la 

'~ 
1 

;·j 

\.1 
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resistencia a tetraciclina. 

Tomando en consideraci6n estos''antecedentes, se -

decidi6 producir una deleci6n de aproximadamente 20 pares de 

bases (p,b.) alrededor del sitio de HindIII en el pl4smido 

pBR327, como objeto de destruir la actividad del promotor lo

calizado en esta regi6n; esta operaci6n debería conferir a 

las células que llevan este pl4smido·una sensibilidad a tetr~ 

ciclina comparable a las células sin pUsmido. La clonaci6n 

sucesiva de un segmento con actividad de promotor en la orie!!. 

~aci6n apropiada en este misma regi6n ·debe restituir la resi~ 

~encia a tetraciclina, Esto es, se debe obtener en vehículo 

apropiado .para la selecci6n de promotores (ver discúsi6n ge

neral). 

Lá.estrategia seguida.para ia construcci6n.de este 

l"ehtculo se detalla en la figura 4, Las condiciones experi

mentales se describen en la leyenda de la figura, 

III) DISCUSION GENERAL Y PERSPECTIVAS. 

3,1) Uso de los vehículos moleculares construidos. 

En esta secci6n se intentar4n destacar algunas -

estrategias metodol6gicas que se ven facilitadas por las 

características de los vehículos moleculares construidos. 
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Figu~~. 4, Construcci6n de una deleci6n en el promotor de 
~ "\ 

los genes de resistencia a tetraciclina. El veh! 

c~~o pBR327 (3µg) fue digerido con la endonuclea

sa Hind 111 (tres unidades, 90 min), extra{do. 

con fenol y precipitado con 2.2 voltimenes de eta

nol. El DNA fue resuspendido en SO µl de Tris

HCl 20mM pHS, CaCl2 12mM, MgCl2 12mM, NaCl SOOmM 

y trat'ado con tres unidades de nucleasa Bal 31 

(Bethesda Research Laboratories) durante 15.segu~ 

dos a 20°C. La reacci6n fue terminada mediante -

la adici6n de un volumen de fenol saturado con 

agua. .Después de precipitar el DNA se resuspen--

·di6 em 20µ1 de Tris-HCl 66mM pH7.6, MgC1 2 6.6mM, 

. ditiotreitol 10mM, conteniendo ademlis ATP o.SmM, 

14 moles (exceso de 10.respecto al.veh!culo) del 

oÚgonucléotido d 5' (CCAAGCTTGG) 3', y O. 5 unida-~

des de .. polinucle6tido ligasa de T4. El producto 

de esta reacci'On se someti6 a extracci6n con fe--

nol, se precipit6 de etanol y se someti6 a diges

ti6n con la nucleasa Hind 111 (10 unidades, e hrs). 

Después de extraer y precipitar se .fraccion6 el 

resultado de la digesti6n en un gel de agarosa al 

1\ y se ~eccion6 el pedazo del gel que contenra : 
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el ·DNA del tamafio del pl:lsmido, éste se someti6 a 

electroeluci6n (Rossi et al 1979) y fue.nuevamen

te tratado con ligasa en las misas condiciones_. -

usadas anteriormente excepto que el volumen final 

fue de 150 µl para favorecer la recircularizaci6n 

del plásmido. La mezcla de ligado se usó para 

transformar la cepa RRI y de las transformantes -

obtenidas en un medio selectivo para resistencia 

a ampicilina se buscaron aquéllas que fueron" se!!_ 

sibles a tetracicl,ina. De . entre éstas, se selef. 

cionó una que mostró una delección de ~zo p.b. al 

rededor del sitio original de la endonucleasa·· 

· Hind III y se denominó PAPTl • 

. ... 
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3.1.1) Clonaci6n de segmentos de doble cadena. 

Una de las aplicaciones importantes de la's!nte

sis qulmica de polinucle6tidos es la preparaci6n ·de-·segme!!_. 

tos de DNA de doble cadena que constituyen genes estructur~ 

les o regiones regulatorias. En ocasiones estos segmentos 

tienen una longitud de varias decenas de pares de bases·. 

Se han utilizado diversos enfoques para la construcci6n de 

segmentos de esta naturatez~. (Goddel et al, 1979). 

Basándose en los resultados obtenidos al sinteti 

iar el.promotor "consenso", se propone una alternativa para 

construcci6n de segmentos de doble cadena de más de 40 p.b. 

Este enfoque se ilustra en la .figura 5. 

A lo largo de un proceso como el propuesto, re-

sulta de gran' utilidad disponer en el veh!culo de clonaci6n ... 
tanto de u~ patr6n de restricci6n sencillo donde se sigan -

con facilidad los cambios de mobilidad de las bandas espec! 

ficas como consecuencia de la adici6n de los segmentos sint! 

ticos, como la disponib~li'dad de una multiplicidad de sitios 

de restricci6n Gnicos qué faciliten el disefto de la estrate

gia. 
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·Figura .S. 

. 

Estrategia propuesta para la producción de DNA 

biténico utilizando polinucléotodos sintéticos 

y DNA polimerasa. El enfoque que se sugiere -

involucra la producción de intermediarios de -

hasta 250 p.b. flanqueados por dos sitios de 

restricci6n; 
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3. 1. 2) Mutag6nesis dirigida a un sitio. · 

Como se mencion6 en la introducci6n, a la fecha -

se han usado con ~xito diversos m~todos para la obtenci6n de 

mutantes en sitios espectficos de segmentos de DNA. ·Los pr~ 

cedimientos que han utilizado tanto bacteriofagos (Miyada et 

al, 1982), como plllsmidos (Wallace et al, 1980), como yehtc!:!_ 

los. 

En la figura 6 se describe una estrategia que ha 

.~ido utilizada para el caso de mutag6nesis dirigida sobre -

·µNA clonado en pl~smido. 

La disponibilidad de un vehículo de clonaci6n pe~ 

quefio puede resultar en un aumento de la eficiencia de la 

reacci6n de. i:eparaci6n .con DNA· polimerasa 1 • Ademlls la pro

babilidad de.encontrar secuencias nucleoddicas con homologta 
1 ".•'' 

p.arcial al prtm~ro que se utiliza, diferentes a la ·secuencia 

blanco, di'slilinuye con la longitud del plllsmido. 

3,1.3) Selecci6n de segmentos de DNA coii activi

. dad de promotor. 

El pUsmido ptiPTl debe resultar 6til como vehtcu

lo para la selecci6n de segmentos de DNA con actividad de pr~ 
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motor. La.presencia de dos sitios de restricci6n (EcoRI y 

Hind III) en posici6n 5 1 al gene estructural de·rest~t~~cía, 
a tetraciclina le confiere versatilidad a este .respecto; 

Deben hacerse notar, sin embargo·, algunas limit!. 

ciones que el ·sistema tiene. El mecanismo de resistencia. -

a tetraciclina involucra protelnas membranales Y. su cuanti-.,. : .. 

ficaci6n es poco confiable (Covarrubias _et al, 1981) , ademls -

la actividad del produc.to de estos genes no '·es susceptible 
··¡', 

.á ·cüantificaci6n in vitro. Estas caracteristicas limitan -

_la utilidad del vehfrulo j>A.PTl fundamentalmente a la selec-
.. 

·~i6n_ de segmentos con actividad de promotor. Posteriormen-

te debér!n construirse vehtculos diseftados con el prop6sito. 

expreso d;e. cuantificar la eficiencia de los promotores clo-

nados. 

3. 2) .·Perspectivas para el uso del promotor ·sin

t6tico como modelo de estudio. 

Existen algunas aplicaciones interesantes para · 

. ~sar el segmento de DNA sintetiza.do. 

Por una parte es atractivo disponer de un promo

tor muy activo para la optimizacHin de la expresi6n de ge-,

nes heter6logos en ~· coli, Cabe esperar que una secuencia 

. t 
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consenso o· uria variante sencilla de él tuviera est.a. cualidad, 

particularmente si se toma en consideraci6n la observáci6n -

ya mencionada de que la gran mayorta de las mutaciones que -

se acercan a la secuencia consenso aumentan la eficiencia del 

promotor y las que se alejan 1a disminuyen.* 

Por otra parte, el disefio utilizado para· la si!!. 

tesis del promotor permite la obtenci6n de variantes con una 

cantidad relativamente pequefia de trabajo adicional. 

Una alternati".a consiste en la utilización de 

~intermediarios en la stntesis de los segmentos constituyentes 
1 .• 

'del pr~motor. Aprovechando la regil'ln 31 de cada uno de los 

fragmentos se pueden producir cadenas qur vadan en sus re--

.. ._ giones 51 :·y someterse a reacciones con DNA polimerasa 1 dif!!, 

rentes comb.inaciones de estos análogos. Para este efecto se 

guardó el SO\ de la resina en el·momento en que la slntesis 

se habla llevado a cabo hasta e1·_nivel de 11 nucleótidos 'pa

ra el 27 mero y de 13 para el 25 mero. Porciones de .estos 

intermediarios pueden ser ·reactivadas en sus extremos 5' y 

continuarse la s1ntesis hasta lograr los análogos deseados 

con variantes en una de las posiciones de la secuencia. 

* Resultados preliminares obtenidos después de clonar el p~tor en el 
sitio de HindIIId el pl4smido pAPTl, indican que la fuerza del mis 
es similar a la de· otros praootores naturales. Este resultado es bies 
perado, y requerir! de mayor investigaci&l el arrojar algo de luz so-
bre ·ei fen6neno. En cualquier caso, es posible que alguna variante·• 
sencilla de este pr01DJtor si resulte en \Dl aunento considerable de su 
eficiencia. 
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Por otra parte; sobre l.a secuencia del promotor 
:~ .. - ~:~ .. ..,. 

ya incorporada a un pUsmido.;~ pueÚn producir'mutaciones .~ 

utilizañdo oligoiiucle6tidos sint6ticos y deSP.!JEs. recombinar· 

Estas, unas con otras, aprovechando el sitio de Hpal presen

te en medio del promotor. Estas posibilidades resultan int~ 

resantes como medio para esclarecer la relaci6n estructura -

funci6n de promotores procarionte·s. 

. ·.~ . 

"•" ,'.'.::' 
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SUMMARY ., ',; 

In vitro recombinant DNA experimenta involving reatriction endonucleue. ; 
fragmenta derived from the plasmids pBR322 and pBR325 reaulted fii _the · 
collltruction of .two new cloning vehiclea. One of theae plumidl, deiiiDateil ... 

• pBR327, wu ob~ed after an Eco Rll parthil digestion óf pBR322. 'lbe • · · ·· 
plUmid pBR327 confers re•iatance to tetracycline and ÁmpicWin; con~airi(:: . . . 
3278 bue paira (bp) and therefore is 1089 bp willer than pBRSH.-'lbe othei 

. ! 
··.· ... , 
.... ... 

newly constructed vector, which haa been dealgnated pBRS~B, ~~-.~,. ....1 
resil~ce to c~lo~phenicol u weU,u the t~o former,1ntP~lqtlll;'~.~; . . .. .. . ..

1 plumid contains umque Hlndlll, Bamm and Soll lites in the ~·, :. · 
~~·gene, unique l'llul and htl 1ites in the ampicllliÍI ~~n~,:: .. ; · .... , . ·,'. ·•¡ 

< and uniqué EcoRJ, ~u~l an_d BaR 1i~ in_the chloránipheilícól ~.~ ... • _,.\,,,:::. 
The pBR328 plum1d contains approx. 41H)O bp. · , .. ·-~ .. :,:•;,''.i;;!.: .. :r·:;, · . ·~:«· '::: 

~. ,,,.,.: />'. .. :;.¡ 
·~~-~-~.'.~;·:·1~c<::: ··1 

~ . .' , _ .. ·. :··· :-: ~; t·:.n¡~. , ¡ INTRODUCTION 

lt is ~ow clear that bácterial plaamids Can serve u eificie~t ~;: f~r the j 
molecular clonin11 of'various species of DNA fragmenta generat.eél with a ·. · · . 

· variety of restriction ·endonucleues. The E1eherichla colí pluiaid pBRS22 
(Bolivaret al., 1977a).and ita derivative pBR326 (Bolivar, 1978), proYide 
1ingle cleav'8e si~.for the Hindll1, BamHI, Soll, Patl, hui Uld ~-~ endo· 
nuclem."The insertion 1of DNA fragmenta futo UIY of the fint thlee, lites ... 

'iiliM:tivatél the tetracycline resiltance (Te') gene.present in th-plumidl:··. ·· 
·····. . . . . . {. .. . 

•To who111 reprhit l.questa 11iould be addrMNd. 

Abbrevlation: bp, bue pain. 
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The unique l'ltl and Pvul restriction sites present in these vecton are located 
in the ámpicillin resistance (Ap') gene, while the EcoRI aite in pBR326 ia 
located in the chloramphenicol resistance (CmT) gene. Plumid pBR322 also 
carries unique cleavage sites for the Pvull and Ban re1triction endonucleues, 
which are located between the origin of replication. and the Ter gene (Fi¡. 1). 
The vei:tor pBR326 carries two Pvull and two BaU iitea; of whicb one of 
them ia Jocated in the Cm• gene (Alton and Vapnek, 1979). . ·~ 

A derivative of pBR326, desi¡nated pBR328, hu been conatnicted in 
order to gain additional advantages u a cloning vector. The reuon for 

· constructing this vehicle was to eliminate the .PllUll and Bon altea located 
between the origin of replication and the Te' gene. In thia way, fragmenta of 
DNA gerÍerated by either restriction enzyme can be cloned in their retpec;tive 
unique aites, and cella carrying recombinant DNA molecules can be identlfied 
by their Cm1 ; Te', Ap' phenotypes. · · 

For the éonstruction of pBR328, a Te•, Ap' deletion of pBR322 Wu 
ilolated, Thia cloning vector, desi¡nated pBR327, ia exactly 1089 bp amallér 
than ihe parental plumid pBR322. 

· MA~RIALS AND METHODS 

· (a) Bacterialltraim . 
. . ·. E.·coll K-Í2 strainl RRl (pro 'leu thi lacY rpaL20 hldR htdM ara14IGIK2 · 

' %yl6 mtll aupE44) and GM31 (dcm6 thrl leu6 thil hll lacY fa1K21Gl7'22 
ara14tonA31tu781upE44) (obtained from T. Kadiah) were used ai recipient 
cella in ali transformation experimenta. 

(b)Medlaand buf(er1 
~c~rial 1train1 were grown in either Luria Broth (LB) or M91iuc01e 

múiimal media. When needed, ampicillin, tetracycline and cbloramphenicol 
were ~ded to LB platel at final concentrations of 26 ¡.ig/ml . 

1 

(cJpaRBJJDNA IOUl'ee . . . ' 
.; Aa pro¡iedy augeated by Sutcliffe (1979), it ia importlnt t.bat tiUdiel 

which rely aubatantially on the pBR322 aequence ahould be initlated with a 
pBR322 clc>1ely relaM!d to the one he ori¡inally Mquenced. . . · 

Acconling to thia propo1ition, pBR322 DNA wu obtained from the orillnal 
E. coli[pBR322] lyophilized atab uaed to prepare the atab aent to·J.G. Sut-
cliffe via W. Gilbert. " . 

(d) Preparatlon o( DNA 
DNA from plalmida pBR322 and pBR327 wu prepared by amplifyin¡ 

logaritbmically growing cultures by the addition of 170 µ1/~l of cbloramphe
nicol (Clewell, 1972). Spectinomycin (300 ¡.i¡/ml) wu llled for the amplifi· 
cation of cella curylng the em• plalmida, pBR826 and pBR328. .- . 

Extraction and purification of plumid DNA wu performed ~ the cleared 
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lysate technique previously described by Betlach et al. (l976). Neurotpora 
cr11181J DNA was a gift from R. Palacios. · 

(e)Enzymes 
With the exceptions of Ball, Pvull, Pvul and Aval (P .L. Biochemicals ), ali 

other restriction enzymes used in this work were purified according to the 
procedure of Greene et al. (1978). T4 DNA ligase, a gift from H. Heyneker, 
was purified according to the procedure described by Panet et al. (1973). Sl 
nuclease, a gift from P. Seeburg, was used as described elsewhere (Ullrich et 
al., 1977). 

(f) Li,fation o( DNA 
Ligations were carried out in 66 mM Tria • HCI pH 7 .6, 6.6 mM MICl2. 

10 mM dithiothreitol and 0.5 mM ATP at 12ºC for 6-12 h. The concentration 
of T4 DNA ligue and of DNA termini were varied to promote polymerization 
or circularization. When blunt-ended DNA fragmenta were ligated, the coneen
tration ofenda wu at leut 0.2 ¡.iM and approx. 6 unitl of T4 DNA ligue per. · 
mi were adtied to the reaction mixture (Heyneker et al., 1976). For cohelive~. 
ended DNA fragmenta, 1 unit of T4 DNA ligue per mi wu aufficient and ·the 
concentration of enda wu adjuated in such a way that linear moleculea were 
favored (Dugaiczyk et al., 1975). 

(g) A6aro1e and acrylamide gel electrophore1ia 
The conditiona for agaroae and acrylamide electrophoresis have been 

deacribed previoualy (Bolivar et al., 1977b). 

· (h) laolation of DNA fragmenta (rom OIIOrote gei. 
DNA fragmenta were isolated from 1 % agaroae gels uaing agarue from 

. :Qilblochem (Cat. No. 121811), u described by Finkelatein and Rownd' 
:(1978) . 

. . 
(i) Trantformatlon of E. coli K-12 ·. . . .. , , . 

E. coll cella of ltrain1 RRl and GM31 were prepared for tran~ormation by 
the method described by Cohen et al. (1972). · 

{/) Nucléotide 1equence determinatio111. 
. Nucleotide aequence determinations were performed as deacribed by 

Maxam and Gilbll1t (1977). 

RESULTS 

(a) Conatruction of pBR327 
An in vitro DNA recombinant experiment uaing pBR322, ,,u deaigned to 

delete a DNA fragment which ia uneuential for DNA replication or antibiotic 
retiltance. As can be 1een ~ Fig. 1, the EcoRll DNA tragment located· between 
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Fi1. l. Diqrammatic repr-nution of the conatruction of pBR3111. PIMMlcl pBRHll DNA 
wu partially dis-tad with th• notriction ndonuel- BcoRU and &lle Nlllltblf DNA -
treatad with 81 nucl- to 1enerate blunt .. aded DNA frapwntl. Tbll DNA lllhiture - · 
treated with T4 DNA 111- and the liptad mlatun - UMd to trandorm •· coll atnln 
GM31. . . 

the origin of replication and the Te' gene in pBR322, il 111ch a fragment 
(Bolívar et al., 1977a). In order to delete thil rel!ion of pBR322, 20 µ¡ of 
plumid DNA were partially digested with EcoRll endonucleue. The reaulting 
products were then digested with the 81 nucleue to elimlnate the non· 
complementary EcoRII enda generated at poaitiona 1440 (CCTGG) and 2500 
(CCAGG) in pBR322 (Sutcliffe, 1979). The di¡eated DNA wu nm.on a lW. 
· agaroae gel and DNA fragmenta with the appropriate molecular wellbta · . ·· 
(approx. 3300 bp) were ilolated from the gel after aprue tnatment. Tbe 

· DNA wu ethanol-precipitated, phenol-extncted and llptied witb T4 DNA 
ligue. The lipted mixture wu uaed to tranaform E. coll ltnin GM81. The 
Ap', 'Te' tranaformanta obtained were 1ereened for plumld. DNA wbich pve .. · 
a linear DNA molecule, of appro:1;. 3300 bp upon dipltion with .leoRI ; ' 
enilonucleue.'· ,. .... ·· ' · ··,::·" · · .. · "" º' 

(b) Re1tiiction endonucleale characterlzation of pBRS27 
· The ie1triction map of one of the reaultin¡ plumld1, pBR327, wu deter· 
mined u1ing various restriction endonucleues and the lmown ~n map 
of pBR322 u ·a reference (Bollvar et al., 1977a; Sutcliffe, 1979). 'l1ie 
plumid pBR327 wu found to cany unlque aubatrat.e IÍtea for the EcoRI, 
Hindlll, BamHI, SalI, Patl and A11al restriction endonucleues. Double and 
triple di¡estiona ofthe pluinid DNA (data not ahown) ahowed thlt the 
relative p01itiona of theae 1ites were identical to thOle mapped in pBR322. 
·uowever,. no Ball or Puull altea were preaent in pBR327, wbicb would be 
expected for a plumid lacldng the 1060 bp EcoRII fnlment. 

EcoRll endonucleue wu uaed to further characterize pBR327. Al ahown ~ 
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Fi1. 2. Acrylamide llab 1el electrophoreeia of pBR322 and pBR327 plumid DNA cleaved 
wllh vulo111 .. triction endonuclea-. Slota a and b ahow tbe Haelll pallem of plumld 
pBR322 and pBR327, .. pectiYely. Notice that banda 2, 3, 10 and 18 (tbe lul one not 
ahown in lhe 1el) from pBR322 are not prNenl in tbe pBR327 patlem. lnalead, a new bond 
of 146 bp ia preeenl in pBR327. Slota e and d 1how tbe Hhal pattem of pBR322 and pBR327 

,. rnpeclively. Banda 2, 6, 6, 11, 14, 17, 24, 26 and 26 diaappeared from pBR322 anda new 
,. ·band, runnlna approaimately in tbe ume pooiliona u banda 10 in pBR322, hu appeared in 

pBR327. The HpaU pattem of pBR322 and pBR327 are ahown in Ilota e and f, -pectlvely. 
Nolice tbat ala banda diaappeared in the pBR327 pattem when compend wltb pBRH2. A . 
new band, runnin1 in tbe aame poaition u band 4 in pBR322, 111 p-nl In pBR327. Slota 
h ánd 1 ahow Iba EcoRU patlem of pBR327 and pBR322 -pecliYaly, Banda 2, 4 and 6 
(tbe band aboYe band 6 la a partial), pr.ent in pBR322 dillappeared in pBR327. A new 
bond of •75 bp, tbe rnult of the flllion ·of banda• and 5, ia preaent in tbe new vector. The 
Alul .-t.ricllon patlerna of pBR322 and pBR327 are ahown in ilota i and j, reepecliYely. 

in Fig. 2 (slot g), pBR322 has aix EcoRII aites which yield fragmenta of 1857, 
1060, 928, 383, 121 and 13 bp after digestion (Sutcliffe, i979). By contrast, 
pBR327 has only 4 EcoRII sites (Fig. 2, slot h). Asi expected, the EcoRll 
fragment No. 2 (1060 bp) of pBR322 was misaing in pBR3~, and fragmenta 
Nos. 4 and 5 were fused in a new EcoRII segment (Fil!B. 3 aiid 4). The Hpall 
fragmenta Nos. 2, 4, 8, 10, 12A and 18B from pBR322 were also found to be 
miaaing in pBR327. However, a new Hpall fragment was ohllerved which 
reaulted from a fusion between the original Hpall fragmenta No. 2 and No. 8 · 
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. . Fi1. 3. The nucleotide eequence at the 
,.,. relfion where the deletlon oceuned durinl 

the conatructlon of plumld pBR327. 
(a) Plumld pBR327 wu obtalned from 
pBR322 after a partial EeoRU dlpatlon 
foUowed by an 81 nucl- &natment. To 
determine tbe nucleo&lda eequepee at the 
Junctlon In pBR327, DNA from tllia · 
plumld -d..-wlth A11al endo· 
nucleue. TM llnNriud DNA wu labeled 
with h·"P)A'l1' and T4 palJnudeotlde .. 
klnue and flnallr dlpated wlth fflnn 
endonucl-. 'ni• naultlnc nuelaotlde 
oequenee from the A11al lite (In the clock· 
wi1e directlon) lnto th• jvnctloa wu 
determlned and la lbown In th• ftlure. 
(b) The continuo .. underllned nci0111 In 
the pBR322 eequence were COl*nad In 
pBR327. The eeque- GOC from 
pooltiona 1428 to 1480, In pBR327, could 
ariee from elther lid• (u ahown br tbe 
dltcontinuo111 l1-) OD tbe junetlon. Th• 
eequenee llho .. tbat p8R327 la 1089 bp 
lllWler than pBR322. 

Is.\"' 
, !!!JI 1!t 1 . l.lilll I!!! 111 . 1111 H1 -.. . '.. . ! ! . . ! . , . . ! . . .. . ! ·'·' 

• • : s· .. --~!!C!UCGTT•tcctHCCA--f. ~UlA'5CCMUllCCITAUU!_!~c1C1t TCCThCltTTTTCC ..... l' 
•11112. t ~ • - CCICITMMCCCllCICUCCCIMllCCllT ~ /---TTTTCCllTCCTTHCATT T.TT CCllCICAActACCICAAUIK·· • 9•, 

(b) 

14Zo 14.40 

1 
2500 . 2i10 nie 

' WRH •. , 

• SI fMIHNI 

lllll ""11111* 

. ! ! J;· . . 
'·· • GSCICATCTCGHCCICSTTCCTlllCITTTTTCC --- ! 

•llR !27 !'""" CCG~GTAGAGcCCGGcGCHCU~CGClAUAGG--- ~· 
1420 1440 

• 121211 
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F11. 4. 8-trlcUon map or pBR327 DNA. l'lllimkl pBRH7 fnpae~t map·w.; ~ 
rra.ia U.e prbmry ..q- data flom pBRIU (lu&clltte, 1179), ud the alleleotlde . ; 
eequence at U.e Jundlon .wlme the deletloa oecuned durina &he eopRnletloa. of ,aall7 · 
e- Fls.:8). Th• toUl lenstll .. 8178 nueleotlde Plln. POIWoa al "0'.' '"·->·-.... 

, arbltnr111 choeen at U.e middle or U.e elDale ~RI-..... .ite. 'fte a.in illlcnl'I tlM. , · 
..iricUoa ele .......... for U.e endonu~ Heelll, Alul, llJeD;,,_.. 811111, n.1, · · 
MIH>I, whlch are lndlcelécl In U.. eoneentric •· Tbe frlpieatl - •-beled br liMil .. 
and th ... 1IHI are lilted In Table J. Th• preelee eoonllaatel ot tllenlilletlÓÍI ntl _. 
lllt.ecl In Table JI. Alouad the perimeter of U.e dm&lu map appqr the lltel for eBIJlll• 
whlch cut lnfrequently lncludlnt tlloee wlth unlque ndl'ldlon lltel. 

from pBR322 (Fi¡. 2, alota e and f). Similarly, HaeUI MtPDenta N111. 2, 3, 10 
and 19 from pBR322, were not oblerved in pBR327, but a new H•UI fnl· 
ment appeared (ria. 2 alota a and b) .. ReltlicUon mlpi for MYeral endo- '. 
nucleun have been det.ennined for pBR327 lllinl thia approach and all of 
them are in agreement wlth a deletlon of approx. 1090 bp. 
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(e) The nucleotide aequence ofpBR327 
In order to completely characterize this new cloning vehicle, the nucleotide 

sequence was determined far the DNA regían where the Sl nuclease-treated 
EcoRII sites of pBR322 were fused. 

Plasmid p8R327 was digested with Aval restriction endonuclease, the 
resulting fragment was labeled with ('y-32P) ATP and T4 polynucleotide !únase 
and redigested with Hinfl. Figs. 3a and 3b show the nucleotide aequence from 
the Aval site in the'Clockwise direction. From these data, and the reported 
nucleotide sequence far pBR322 (Sutcliffe, 1979), it can be concluded that 
the deletion that generated pBR327 comprises exactly 1089 bp. Since the • J 
restriction site analysis of pBR327 DNA indicates that no other changes · ·1 
occurred during the construction of this plasmid, we can Bllllme that the 
nucleotide sequence of this cloning vehicle is completely lmown. On the basis 
of this asaumption, we derived a restriction map of pBR327 that is shown in 
Fig.4. 

(d) Corutructlon of pBR82B 
Using p8R327 and pBR325, an in vitro recombinant DNA experiment wu 

designed to construct a cloning vehicle with unique Pvull and Ball lit.ea located 
in the Cm' gene. The construction of this plumid wu accompliahed by the 

· digestion of p8R325 DNA with P1tl and BamHI restriction endonucleuea 
which resulted in two pieces Óf DNA. As shown in Fig. 6, the amaller DNA of 
the two fragmenta carries the Cm' gene (Bolívar, 1978) and part of the Ap' and 
Te' 11enes. This fragment was isolated from a 1 % agarose 11el. The plumid 

. · pBR327 DNA was digested with the ume two endonucleuea and the 1U1er 
fragment, which carries the replication DNA region and the remainin11 portian 
of Ap' and Te' 11enes, wu allo isolated from aprose. 

The purified DNAs were mixed, lipted in vitro, and tranafonned into E . 
. coli RRI. Tran1fonnants were selected for Ap', Te' and Cm'. Thla tnnafonna· 
tion yielded severa! Ap', Te', Cm' clones which carried plumida (e.11. p8R328) 
wiih the expected molecular weillbt C?f.appro~. 3.1 • 10'. 

(e) The mtrtctlon map of pBR828 . 
·· As detennined from 11el electrophoreaia pattems of DNA dipatl, pBR328 . 

was found to carry unique aubatrate aites for the EcoRI, BamHI, HlndlD, Sall, 
Pttl, Pvul, Pvull, .BaR and Aval. Double and triple digeatlom of plumld DNA 
(Fill. 6) enable us to localize the relative poaitionÍ of thl!lt! lites on pBR328. 
From theae data, and other restriction endonucleue pattems, we comtructed 
a restriction map for several endonucleuea that is shown in Fig. 7. 

(() Clonlng propertie1 o( pBR827 ami pBRS2B 
(i) Clon"'6 in Te' gene. Since the reatriction aites Hindlll, BamHI, and Sall 

are preaent in the ume relative poaitlom in pBR327 and pBR328 u they are 
in pBR322, it wu ..uned that they were U.O in the Te'. ¡ene. To verify thla 
asaumption, N. craaea DNA fragmenta 11enerated by Hindlll, BamHI or Sall 
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F11. 5. Dlapunmallc npr.en&atlon º'&lle eo111&Nctlon ofpláill ............ ud 
., pBR8ll7 1"N MpUaWllf dilleled witll ~ nRrldloa ..S0.....-1'11.tl.ud ... H11he 

.11neraHc1 ,,.... ... - llCllaled froqa. 1,....,.. ... ; '1'111 .. .,-lllild ............. t 
. 1111 two DNA fftllllllnll lbet.wen _.. ud llpi.d to-11 ot119rto ....... plltlll . 
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Fig. 6. (a) Analyail of aln!P• and double digeatlona of pBR328 and pBR321i Ulinl .,uooe 
gel electropho..,.la. Molecular weight eatimatea were bued on the lb A frasmen&a pnerated 
by EcoRI (alotad and 1). Slot a 1howa the double digeatlon EcoRI ·Bon of pBR3118; two 
fragmenta are ¡enerated, the amalleat ia not ahown In the picture. Slotl b ande abow the 
double di¡eationa EcoRI • 1'111 of pBR325 and pBR328, ..,.pectively. Tbe &111 • EcoRI 
double di¡eationa of pBR325 and p8R328 áre ahoW11 In aloto e and f nepectiHly. Slotl 1 
and h ahow the Puull di1eatlon of pBR321í and pBR828, ..,.pectlvely. The do u ble dlJeatlona 
l'ltl • Puull of plumlda pBR321í and pBR328 are ahown in l and j, ..,.pectlvely. Slot k lhowa 
the Pvull • Sall double di1eotlon of pBR328; Slola m and n ahow reopectlYely the Hlndlll , 
l'ltl double di1eatlon of p8R325 (partil!) and:pBR328 in whicb tbe two 1enerated banda 



.;, .. 
·.,.#j,'if¡¡~j. 

'. -

;~. 297 

! 
;¡ . .!l 

l, J. 

. ·.·. 

FIÍ. 7. Reetrictlon map of pBR328. The nRrleUon map of pBRl28 - d9lennlMd from 
the PJÍJIWY.19C!UIDC9 elata from'pBRH1 (paeiU- tlOO to 4480), n•leollde -.-·:· 
determlnetioña aro11nd tite MeoRI lllte (pollltlom '800 to IOO ID &be &lellwill dlreetiae) .. 
and netrlction endonuel- putlal dlreñlone (poeitlona 4480 &ó 1100 ID &be elocllwile 
dlnction >: · · · 

(lepnd Fil. 6 eontlnued) ;"· .. <·: . . , 
nan at the -• poeition. Slot o ehows th1 Un1ar pBRl18 DNA Ílollcllle lftftllt.cl after 
.Ball dil•tion. · · (b) Ael'Jlalnid• 111 alecúopllONalof pllmlJd 
pBR328, pBR321 and pBR321i DNA fr11111enu obtalaed br dillMloa wlth ff,IMU, Alul, . 
HlnO, EcoRll and Hllal 1ndon11cleMie. The netrlctlon 1nayme dlleltiom WIN • 
follows: Slotl a, b and e ahow the ffpeU dil•tlon of plRl11, plRlll ud pJIRllli, 
N1pectiftly. Slola d, 1 and f lllow &be Alul dfllltlo111 of &be thnl plMmld weton ID \lle 
lllDI relatift order. '1111 fflnO dipñiom of plR31'7, pBRlll and plltlll are ahcnrn ID 
alota 1. h and 1, 111pect1ftlr. 'ni• ~oRU dlpetiom of plltll'7, plltlll ud plRllB 
appeu 111 alote l, ll and l, rwpectlftlr. Sloi • ehon a partlal Hltal d.,_...11 of pll\Hli 
and 1lo1a n imd o 1how the .Hllal endoauclelM pattem of plRlll ud plltll'7, ...,.e· 
tiftly. . .. 
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TABLE! 

THE SIZES or THE RESTRICTION ENDONUCLEASE GENERATED DNA FRAGMENTS l'ROM 
pBR822 AND pBR327 

Nollco lbal lor - mlricdon on&1m1 lh- doltlod "-•Dlt, ortslalll1 p-& ID 11aa111 (-..S, 
¡¡ Butcllftt, 19U; 111?9), ore nol P-•1 ID paRll1, Howo .. 1, o no• '-•11111-& la 11aa11T 

(undedlntd) lhol 11 nol In p8Rl22. In lho •- ol lho Hpoll oadonuolnot, a "-1 ol IOt""' .... 
eppeared uul a new one of es.KUJ' Ute Mm• ll&• appeand 

Hodll Hpoll AM. 
si.. Sl&e .... 

p8RH2 p8Rl21 pBRl22 pBRla1 ..... 1 ..... ., 
fnlm•nl traament. fnlm•nt. ~·º' 

.._ ... , .......... 
No. No. No, No. No. No. 

1 &17 1 mi 1 iül 
2 El 2 1 .... 1 
a a fl¡ 1 . 1 ... •• 
' , .. 2 • 1 _, ., Ul • 1 , .. a 1 HI ' •• ' 6 161 ' 6 111 1 1 'lf¡ .. , U• ·I , 

iWi 8 • ~º· ~ .. ;. • 111 8 • "., .., • • mi 7 9 llO ., • -10 10 111 .. IH ., 
.111 • llA IA 10 · llO .. 

UA IM IA 118 llO •• 11 

~ 
• .. na 111 18 UA IWI 11 

u IN 10 10 1'7 • 11 
11 11 11 11 111 -10 1' 
1' IO 11 ,1' 110 11 11 11 10 
11 .. 11 ·u to 11 H Cll 
11 17 1' 11 71 11 
17 11 11 11 .ll 1' Tllol 
11 

liti 
11 llA r:H1 11 .... 

\' 19 118 
10 19A ª' 18A •••111 , ... ., 
11 7 17 198 .. 11• ,.__, .._... 

IO 11 17 No • .... 
llA • HA 
218 • lH 1 Hl 1 

1 ... 1 
Hlnn ""41 1 m 1 
Sl&e .... ' "r 1 ID ' ...... , ..... ., 118Rlll 

.. ...... ., • 
1 

.._., _..__, ......... .,....._ . ., ·:: ·-111 _,·, 
No. . No. No, No. 1 - .,_,, ... • .I:' ~' .,, 

). • .... , 
1· 

• 1 1111 1 .1 
~ 

l 10A :.l. .IA , ..... 
1 .W! 1 1 10• 

l •• 1 • ,,. ,1 11 _,f ''.'',! 

"ª 1 ' 111. 1 · 11 • 
' !11 1 111 ' 11 

; •; ~~ 1 1 111 1 .. ., 
6 ... ' .fil 1 11 
7A im 1 1'1 7 11 .... 10 -··" 78 17 ·11 11 • lM 8 11 ., 11 • mi 11. • 11 

l'f. 18 
to 10. 11 

1 ¿'"" 11 • 11 
n 1 

.~ .. · 

,_ 
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TABLE 1 (contlnued) ··~· 
Hhal Hodl Mbol 
Slze Slze . Slze 

PBRl22 ' pBR827 pBR3Z2 p1111H7 p8RH2 p88117 
fnlment frqment fn¡¡nent fnlment "-ºª' 

.. ,..__, 
No, No, No. No. No. "º· ····-"-· ~ --···--· 

1 H8 1176 .l!illl 
2 lilll llHI J!!l 1 
a 187 2 2 ... ' .. ' 

' 182 a 410 IA a ' ... 1 

• üI ~ 28 4 m ' 8 219 4 • • 7 108 • 8 117 • ,171 1 
B liEl 7 111 7 ·1 • 9 174 8 1 rn • lDA 118 7A 9 80 • 9 ,'I' 

108 112 78 10 18 8 .10 11 1 
lDC 111 7C 11 21 7 11 11 .. ... , .. , 

jHfi 70 11 . 'l'I 10 
11 .. 11 .. :: 11 
12A 112 IA ; .. u 11 
118 111 18 11 11 11'. 
11 108 • 11 17 u 
14 lüil 17 11 lit 
u 100 10 '11 17 . 11 
18 d:J 11 lt 11 l'I' 
17 IO 11 11 
11 71 12 11 11 11 
19 87 11 11 1 ,• 
20 82 14 
21 ID 11 
22 18 18 
21 40 17 

" 1 ID 
21 
27 21 11 
21 11 19 

endonucleuee were cloned into their reepecüve 1itel in the new vecton. The 
ili>lated .tranafon11111tl Carryina recombinant plumldl were Te'. By nltriction 
endonucleue dipltion, it wu lhown thlt ali recomblnant plllllildl eontained 
DNA fn¡pnenta of vuying 1izel inlerted into the Htndm, BamHI or &111 litee 
(datariotlhown).· .. -..· ... ·<'····.'!~· .. 

(il) Clontr11 in the Ap' ien~. Al in the previoUI cue, it ~u·illumecl that 
the unique Puul and l'ltl endonucleue reco¡nition lit.- weÍ'e IMociated with 
the !-P' gene cllried by thete plumidl. Clonin¡ DNA into the l'ltl OIÍ l'UUI 
sitea of thete vecton inactivated the Ap' gene, and u above ali ncombinant 
plumid1 contained DNA fragmenta of vuyin¡ 1izel inaerted in thlle two 1i~ 
(data not ahown). · 

(111) Cloninf lnto the emr.,.ne o/ pBRSJB. EeoRI pnerated DNA fnplenta 
· from N. Cl'IUlll were lipted to linear pBR328 previOUlly diplted with the ume 
· · endonucleue. Slmilarly, Puull and Ball endonucleue1 pnented N. e,... 
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DNA fragment.Mvre also ligated to Pvull or Ball linearized p8R328 DNA. In 
ali cases, upóri~Mnsformation, the resulting recombinant plasmids gave Apr, . ··•·'-'. 
Te•, cm• phenotyP.ic transformants (data not shown). 

DISCUSSION 

In our effort to construct better plasmid cloning vectors we have sought to 
eliminate unessential genetic information from p8R322 (Bolivar et al., 
1977a-c). To this end, we have constructed a cloning vector, p8R327, which 
has been reduced in size precisely by 1089 bp, but retains ali the clonlng 
properties of p8R322. Being smaller than p8R322, and thus having a simpler 
restriction pattem for various endonucleases, we believe that will.be a ,more 
useful vehicle in terma of the restriction site analy1is of cloned DNA fragmenta. 

Nucleotide sequence analysis enabled us to determine the bue pair ll!quence 
In the regían where the deletion occurred during the conatruction of pBR327. 
Since it appears that no other chan11es in the DNA occurred durinll the 
construction of thia vehicle, and due to the fact that the p8R322 DNA aource 
that we used for the conatruction of pBR327 is clOll!ly related to that u1ed 

. by Sutcliffe for the pBR322 original base pair sequencing, we U1Ume that the 
nucleotide sequence of pBR327 ia identical to that of pBR322 (Sutéliffe, 
1979), less the 1089 bp deletjon. 

· Using the total nucleotide iequences of p8R322 and p8R327 we have 
derived a complete restriction map of p8R327. The l'eltriction cleavage sites 
have been determined either ex¡JerimentaJJy or from the nucleoÚde ll!qUence of 

· pBR322. The exact 1izes of ali the reatriction fragmenta and their relative 
positions in the pBR327 11enome u well as the complete nucleotide sequence, 
have been presented (Tables 1 and 11, Fig. 8) to facilitate the use of thia vehicle 
in future molecular clonin11 experimenta. 

· :· 'Moreover, because pBR327 ia a deletion product of pBR322, thil plumid 
hu been submitted to the U.S. National Institutes of Health for certification 
u ihe vector component of an EK2 host vector recomblnant DNA ll)'atem. 

·Fiuthennore, it hu been deecribed (Bolívar et al., 1977a) that pBR322 •.. 
can nót be mobilized by R64drdll; however, Young and Poulia (1978) have · 
reported that thil vehicle can be mobili&ed by R64drdll when a thlrd' 

. plumid, ColK, la p?e1ent in the ame cell. The1e authon pr~ that ColK 
can provide a tranucting product that allows the mobilizatlon of pBR322. We 
would like to .propose that such a tranucting product, that lhould interact 
with a specific p8R322 DNA region, could be a "mobility-like" protein(1) 
(relaxation enzyme) such u the one described in ColEl aoulilt to be involved 
in the mobilization of thil plumid by conjugative elementa (Warren et al., 
1978, 1979). We lmow ihat pBR322 doee not carry the gene, ori¡inally preamt 
in the parental plumid pMBl, that codea for a aimilar "mobility" protein 
(Betlach et al., 1976; Bolivar et al., 1977a; Sutcliffe, 1979). However, there il 
iti11 a DNA region in pBR322 that comprilel a nucleotide ll!qUence that could 
~ the substrate aite, (relaxation lite or "bom" 1ite, Warren et al., 1978).for -
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TABLE ll 1;1ú~A?.· 

· THE CLEAVAGE COORDINATES FOR:bMMES WHlCH CUT pBR3;7 

'Ibe numben cormpond to the bue where to the ri¡bt of lt the r ... triction.enzyme nicki 
that 1trand which la 5' to 3' in the clockwile dlrection 

Haelll HpalI AluI Hinfl Taql Tlaal Hhal HaelI Mbol 

174 161 16 631 23 347 103 235 348 
297 170 31 851 338 702 235 416 375 
401 387 686 1005 650 817 263 437 466 
525 402 1089 1303 1125 946 416 497 824 
532 411 1553 1766 \L2~~ 973 437 550 1096 
596 533 1689 2272 2928 .978 497 777 1127 
830 693 1946 1039 550 1207 •. -1H2 · 
919 769 2467 1105 702 1632 . 1951 
940 929 2567 1234 777 2026 
991 1019 2630 1244 817 2037 

1048 1267 1389 948 2041> 
1261 _ 1283 1415 1207 2123 
1429 1692 EeoRI. San 1432 1358 EcoRll 21H 
1863 1739 3271•(-2) 660 2013 1420 129 2240 
2321 1765 2343 1565 1057 2&81 
2401 1955'. ffútdlll Aual 2835 1632 1532 2599 
2688 2359' 29 1424 3168 1732 1545 2645 
3255 2393 1906 2903 

2460 2015 2920 
2570 2408 2956 
2812 2601 

Sphl BamHI 1'111 2838 Pvul 
565 375 2523 - 3170 2726 

.... this type of eozyme. Thia DNA region, localized between polition1 2207 and 
2263 in the pBR322 DNA sequence 

... 6' ·!!!<!!C~ATOAOOCAGTÓA!:!!!~ATAOCGOAOTG'J'ATACTOQCTTAACTATOCOO 
• •. COCO'.JC'GGTACTOCIGTCACl'l'CICATCOCTAtCOCCTCACATATGACCOAATTOATACócC 

is ver). illiiilar to a nucteoticle mequence dl!ICritied by Butia <1t18>, in which 
the ieluation lit.e of ColEl ha been l~t.ed. Ttierefoi:e, if t.bla ..umption ~ . 

· correcfwe propoee t.bat t.be plamidl pBR327 and pBR328 lhould not be .. '· ·~ 
mobili&ed by R64drdl1, in the pmence of ColK, becawe they lack thll ipe· · 
cific DNA region. In onler to verify this ~mption we lle perfOIJlin¡ t.bOle 
mobllization experimenta that wil1 conflnn it or not. lf the propolition is 
proven fu be conect, we believe that pBR327, Within E. coll ltraln x 1776, 
conatitutes an important improvement in llfety compared to the EK2 pBR322· 
xl 7761Y1tem. · · 

Uain11 plumid pBR327, we were able to iloi&te a pBR325 like plumid, 
which we have delip¡ated pBR328. '.l'hia vector ha two lldvantapl over 
pBR325. The fmt is ita lize, which is 1089 bp smllller than pBR325 and the 
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CGAA) TTCTt"A~DACA~~TCATCtiATA~AA~AOTTTA~. 

. ·.·. 

ANJMJTACAAACTarccMTAOTltllCfATTt"IJAAATrM.'OC'C'ATCAAATA 
.,,,.l!ill· 

t'ACMlTTMATTOCTAAC'OC'MrrCMXX'ACCCTGTATOAAATCTAAC'AAT 
• • • • toO 

GTOTt'AAMAAC'CIA1TOCGTCA0Tt't'GTOXACATACTTTAOATTCTTA 

0111«>0Cu1uoo11oTOOTCOC.......,ccc1co:cooc;ooM:'T1Jl"TClXrQ 
• CüMX'C'OC'kttATAt'C'~~AC'~ 

~AOOATOAICWCIGICU:iilXtlGIATTt'C 
', • • • • • l3D 

...... ~~M:TMJCa>C.K."AOt"Gl.~ATA~ 

OAAtcrnrAC.'OC'CC1roCtt~~AAA .. '·. . . . '°° 
CTt~AOC'MmlACC'MlOCCCCTOOTTT 

OIUTACCIC 1 ICX: JtllXUI IC\XtlACOt'CAOOC'f"OCTm.'C'Trm'C'A 
• • • ~ lllO 

Cl'C'GATOCAOAACCAC'COC'~A<'C'OOAAOOOCT 

'71~-· . • . 
D("fCOt'OOC'T('K:CAOC'crAACTTC'OATt'~AT't'OTt'A 

·- • • • • tml 
C'OMIC'Ot"CCAOAATmroXIAl1'°"MlCTMlTCAC'CTOJCDACTAOCM;Tr 

t'OOCCATTTATOtt'OCX1l'OIX'lllXACATIXIA~ATOG.\Tr . . . . -
Ja:u:rAAATAl"OOCODAOCCGt"fC'ClVTAC't'TTOC'CC'AACCVTACt'TAA 

Ttt'MJCAOCC'OC'ACOC'OOC'Cl:AIC$CWOCCCX:anutiW:<ll 1i1 ICC 
• • r;,...__ • • ... 

w::cca1cGJC01ucocc\K.\11~~""""""° 

AT~C'OAQC'l.tt'AC'AAAAA~AC'Ol'TCMCTCAO . . . ;.., -
TA~OC'TC'alMmlTITTTAOCTDroACtTC'Mn'C 

AOOTODOOAAA«."t'<aCAOOAl'l'ATAAMlAT6C'CWOI 1 ¡cecee IW . . . . . -Ttt'MXOC 1 1 IWUC ICiiCCIUATATTlt'TAl'OOTaXK'AAliODDOOMX' 

ACTOGTAllC"MICATrMJC'MlMlCOAOOTAltlTAOGaXmX'TACAGACTI" . -· .. ·, . -
TCACC'ATWTCCTAATC'GTt'Talt.'ftA!AC'Att't"«t'A:"OAT'GTn1:'AA 

'•f.·; .· 
CTTQA~A"'"!ACOOCT~MlMDDAC'~A~ 
CMCnrAC'C'Aet'OOATTCiAtoct'aATimlA1t'ITt'l'TC1t'ATAUC't"AT ...... . .. , .. 
·~MJTT~MJt"'IC'T 
. ~~Aact.n:o.: 

TCATCt'COCAAll:AAACC'Att'OCTCC1'k<OOiWI 1111liGI1 IUCAA .. ' .... ·.--ACfNJIXCCI 1IGI1 iOCIQJCJJ.fit'CATC'Dt't'lll't'AAAAAA.\t'.AAAOD'IT 

OCAOCAGAnAaX.'DC'AGA~TnCAAGMo..Tm'TMATC'T . . . ·, .. -
ccrcotcTAAIO::UCGIC i 11111 ICC IACM1TTtTTt'TM>OAWTMlA 

lTTtTACOOOCl'C1tlACOC'lt'~M:'CTTAMXEAn 

A.u.GAnxttcAGAn'OC'tli.on:~AA~ 

.;.: 
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At'ACTTACt'AATIXiTAATC'AOTCAOOCActTATC'Tt'Aet'OATC'TDTC'TA . . . . '"° • TCTCAATOCTTliC'OAAnADTt'At'TI."CC'TOIJATMlMn'l"a:TAOAt'AGAT 

Ctt'OAOCOC'MlAACTOO'J'CCTOCAAtTl'rATC'C'OCCT'ttATttACTC'TAT 
• • • • 2'30 

t'OX'TCOCGTt'TTACC'AOOAC'G?TOAAATMlCC'COAOClTACOTCACATA 

,TAATTC1fl'Ot'COOclAAOC'TMlAOTAAOTACTTC'Cit't'M7TTAATMlTTTCC . . . . ~ 
AtTMCAACOOCa:TTalATt"l't'ATTC'llTt'AAOCCCTt'AAtTATt'AAACO 

OOTATilCCTTCATTt'MX'TC't'OCITrC'AC'CATt'AAOOC'QMllTAt'ATG 
• • • • 2ta) 

C'CATAt't:OAAOTAAOTroAOCit'CAMlOCT'TecrAOTTct'OC'Tt'AATCTAC 

TTGTCMJAAGTMC'TTOCCCCC'MJTGTTATt'ACTCATOOlTATOOCAOCA 
• • • • 2700 

AACNJTC'TTI:'AlTCAN:OOOCG'Tt:AC'AATACltiAOTACt'AATACCCTC'O"r 

CTOCATAATTt'ttTTACTOTt'ATOCtATt'C'CTAMlATotTrlTCrCTOAC . . . . "'° 
GACOTATTAAGMlAATDACACITAt'OCTAOOC'ATTCT.4l."GM;AAOAt'AC'Ttl 

303 

TOOTCACTACTCAACC'A~ATTC'TGAOAATAC'TOTATOC'OCalACC'OA 
• • • • 2800 

ACt'Atit'ATCAGntiOTTCMJTAAOACTCTTATCACATACCC'COC'TOOC'T 

GTTOCTC1TOCCC'OOCO'Tt'AACAa;oQATAATACX'OCOC'CACATAOC'l.cA 
• • • • Jll30 

t'AAC'CNJ.UCtlOOC'aXAOTTDTOCCCTATTATOOCOCOO'TCTATCOTC'l' 

AAAN:ACOAAOOC'AAAATIX't'OCAAAAAAClOCAATAAOOOC'aAC'ACOOAA 

r11r<1n1orn1crC1.-iicNc-non11~11~11.TTC't'áx:101oo;'f? 

ATCTTCAATACTCATACTCTTC"CTTTTTC'AATATTATTilA>.GcAMÁTC . . . . .. 
TACMt"ITATCMTTATCiliGAAOGAA.UACTTATAATAAC'TTCOTAMTAO 

CTAAID.AACCAlTATTATt'ATGACATTAACC'TATAAAAATAOGC'CITATt'A' . . . . .. 
GATTC'TITOGTAATAATICrAC'TGTAATTOOATAT1TTTATC'COCATACJT 

roAOOCCC'JTTrot'C'TTCAMJAA (TTC) 

CCTCCCOOAi.MrMJAA.Gricrr 

Fl1. 8. The complete nucleotlde eequence of pBR827. 8inee tbe netrictlon aite ..Wpia of 
pBR327 lndicatea that ezcept for the deletlon, no other chanl• In DNA oeculNll dllrins 
th• conatructlon of thlo wctor from pBR322, and ~iue the pBR822 DNA aollnl8 tba& 
- uaed lo doaely relatad to that UMd by Sutellffe for the pBR822 orillnal nucleotlde 
oequenee determlnatlon, w• -ume that the nudeotlde eequenee of plRS27 lo ldenllcal 
. to that of pBR822 (SuteUffe, 1979) •- th• 1089 bp daletlon. '1'he llfl- 11 si-ted 
in doublHtrandad form. Th• topatrand 11 5' ~ 8', "nle eequenee 11 numberedaudl tllat O 

·,(• Hro bp) la the mlddle of the unlque EcoRI 1ite and the count IHN- In tha eloek· 
. wlae directlon flnt tbro111lúhe Te• 1ene, then the repllcetlon resion Uld fi...UJ throqb 
~eAp'1ene. 

eeeond ia the fact that it allowa for moleculu cloning, by illlertlonal inlllti· 
vatlon (Timmis et al., 1974) at the Puull .and Ball reatriction cleavaae litea of 
the Cm' gene. 

The U5e of theae plasmid vecton now allowa for the direct cloning, euy 
recovery and selection by inaertional inactivation of recombinant DNA 
molecules generated by Pttl, Puul, Pllull, BamHI, Sall, Hlndlll, EcoRI, Ball, 
and Sphl (Fucha et al., 1980) reatriction endonucleuea. Experimenta are 
now being perfonned in order to apply for the approval of pBR328 in E. coli 
strain xl 776 u an EK21y1tem. 
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. fled by the NIH u an EK2 vector, on December 16, 1979. 
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ABSTRACT 

A 42-base pair deoxyribonucleic acid fragment, compr1s1ng 
an E. coZi "putative prometer" was produced by a combination of 
chemical and enzymatic reactions. Two single-stranded poly
nucleotides, 27 and 25 bases in length, respectively, were chem
ically synthesized by the phosphotriester method using di, tri 
and tetranucleotide blocks as coupling units on a solid-phase 
polyacrylmorpholide support. The sequences of the fragments 
were designed to hybridize with each other through their 3' ends, 
forming a 10-base pair stretch. A reaction with DNA polymerase 
I, using this hybrid as s~bstrate, generated a 42-base pair pro
duct. These experiments constitute a novel approach that is 
rapid and convenient for the synthesis of double-stranded DNA 
fragments. 

INTRODUCTION 

In previous papers we have reported recent advances for the 
chemical synthesis of polydeoXydbonucleotides (1,2). These 
methods have greatly simplified the preparation of DNA fragments 
of defined sequences. In many applications of this methodology 
there has been a requirement for double-stranded DNA molecules. 
For example, the synthesis of who1e structural genes (3,4) and 
"connector" sequences (5) for the bacterial expression of mam
mal ian hormones provide useful alternatives for the production 
of medically important polypeptides. Also, sorne biological 
properties of regulatory sequences have alrea·dy been investi
gated with the aid of synthetic double-stranded DNA segments 
(6-8). In this paper we wish to report experiments 'that show a 
simple and accurate way to produce these types of molecules. 

A previous approach for making double-stranded DNA segments 
utilized the ligation of single-stranded fragments aligned by 
complementary overlaps (9). This approach was used when the 
fragments were twenty nucleotides long or less. We propase a 



new method to prepare double-stranded DNA fragments comprised of 
longer polynucleotides, now available through our improved syn
thetic approach. Using the recently developed techniques for 
the solid-phase synthesis of polydeoxyribonucleotides with an 
acrylmorpholide support and the block-coupling approach, we 
synthesized a heptaicosamer (27-mer) and a pentaicosamer (25-mer) 
DNA fragment. The sequences of the fragments were designed to 
forma ten-base pair (b.p.) complementary stretch through their 
3' ends. When these fragments were hybridized to each other and 
used as substrates for a DNA polymerase reaction, a 42 b.p. 
double-stranded DNA molecule was obtained. 

MATERIALS ANO METHODS 

Except far the preparation of dimers (see below), the syn
thesis of the blocks l(trimers and tetramers) and the oligonucleo
tides was performed according to the published procedures (1,2). 
Polyacrylmorpholide resin (500 mg), with the first nucleoside T 
(0.13 mmole/gram), was used for the 27-mer and with the nucleo
side e (0.14 mmole/gram) for the 25-mer. 

Synthesis-of Dinucleotides 

Sorne of the dinucleotides used in this work were synthe
sized by an alternative route to the one previously reported 
(1). The procedure is s~hematically presented in Figure l. 5'
Dimethoxytrityl deoxynucleosides (10 mmole) were phosphorylated 
as described (1) to produce the monotriazolide derivative 11. 
The dioxane solution of monotriazolide was then added to 1 .5 
equ_ivalents of an amino-protected 2'-deoxynucleoside V, pre
viously dried by repeated co-evaporation with. pyridine. The 
reaction was performed in the presence of 5 equivalents of 1-
methylimidazole as nucleophilic catalyst. Under these condi
tions, the 5'-dimethoxytrityl dinucleotide III was obtained as 
the main product. The amount of by-products is variable, 
depending upon the sequence of the dimer prepared. The product 
was purified by column chromatography on silica gel (10 g/mmole) 
using a stepwise gradient of methanol (0-51) in chloroform. The 
procedure described was used only in those cases i~ which the 
difference between the main and the by-products (such as the 



3'-3' dinucleotide, IV) was large enough to make the chromato
graphic separation feasible and with a reasonable recovery. 

Dinucleotides were phosphorylated in the same manner as the 
monomers with 2 equivalents of ditriazolide I and the resulting mono
triazolides hydrolyzed by the. addition of aqueous pyridine (50%). 
The mixtures were evaporated, taken into chloroform and extracted 
with 0.2 M triethylammonium bicarbonate (TEAB) buffer, pH7.5. 
The chloroform layer was collected, concentrated to a gum, dis
solved in a small amount of pyridine or chloroform and added to 
a stirred mixture of ether-petroleum ether (1 :l v/v, 100 ml/ 
mmole). The resulting precipitate was collected by centrifu
gation, washed with ether and the residual solvent immediately 
removed in vacuo. Dinucleotides prepared in this manner have a 
charged phosphodiester at the 3' position and are stable for 
months at -20ºC in the desiccator. The yields of the final pro
ducts were 40-60%. 

Oeblocking and Purification of Oligonucleotides 

The following procedure was used for both fragments. A 
sample of the resin (10% of the total amount) was treated with 
100 µ1 lM tetramethylguanidinium p-nitrobenzenealdoximate in 
dioxane-water (1:1 v/v) (10) and allowed to react for 12-16 
hours at room temperature. 5 µl of Tetramethylguanidine was added 
and the reaction continued for 8 additia.nal hours. To this mix
ture, O. 5 ml of pyridine and 2 ml of a'mmonium hydroxide were added 
and the tightly capped reaction tube' shaken for an overnight 
period at SOºC. The resin was filtered off and the solution 
evaporated to dryness ond redissolved in 1 ml 0.01 M TEAB buffer, 
pH8. The whole sample was applied to a Sephadex GS0-80 column 
(2.5 X 100 cm) and eluted with 0.01 M TEAB buffer, pH8. The 
excluded material was collected, evaporated to dryness and redis
solved in 500 µ1 of the same buffer. High performance liquid 
chromatography (HPLC) wa~ performed using a µBondapak c18 
column (Waters) on a SP3500 liquid chromatography (Spectra
Physics). The mixture was eluted by applying a linear acetoni
trile gradient from 10-25% at pH7 (0.01 M ethylenediammonium 
acetate buffer); the flow rate was 2 ml ·min- 1 with a sweep time 
of 20 minutes. 



The fraction eluted at 8 minutes (Figure 3) was collected, 
evaporated to dryness, redissolved in l ml 80% acetic acid in 
water and allowed to stand for 15 minutes at room temperature. 
The reaction mixture was concentrated, r~dissolved in l ml 0.1 M 
TEAB buffe~ and extracted with ether thiee times. The sample 
was lyophilized twice and part of it (~2.0 O.O. units) electro
phoresed in a 20% polyacrylamide, 7 M urea gel. Electro-elution 
of the DNA oligomers from the gel slices and their final purifi
cation overa BND cellulose column was performed as previously 
described (11.) with the exception that the column buffer con
tained 0.1 M NaCl instead of 0.3 M NaCl. 

DNA Polymerase Reactions 

The 5'-ends of the polynucleotides were phosphorylated using 
T4 polynucleotide kinase KMiles Labs) and labeled with (y- 32 P]AT~ 
For the DNA polymerase r~actions, appropriate amounts of each 
oligonucleotide (SO pmols for preparative procedures) were com
bined and the mixture brought to 40 µl of 60 mM NaCl, SO mM 
Tris•HCl pH7.6, 7 mM Mg(OAc) 2 , 7 mM DTT. The mixture was boiled 

_for three minutes, chilled in ice and added to 10 µl of a cock
tail containing S mM of each deoxynucleotide t~iphosphate and 
1-5 units · DNA polymerase I (Klenow fragment, Boehri nger-Mannheim) 
in the same buffer. The reaction was allowed to proceed at room 
temperature for 30 minutes. _The product was phenol-extracted 
and ethanol-precipitated. Electrophoresis of the reaction pro
ducts was performed on 10% acrylamide slab gels. 

DNA Seguenci •!.9. 

The DNA polymerase reactions were performed as above, with 
only one of the two fragments labeled. The double-stranded pro
ducts were gel purified as described previously (11) and sub
jected to each of the base-specific cleavage reactions described 
by Haxam and Gilbert (12). The partial cleavage products were 
resolved on slab gels (O.OS X 20 X 50 cm). 12S polyacrylamide, 8 M 

urea. Autoradiography was performed at -BOºC for 1-5 days with 
Kodak XRP-1 X-ray film and DuPont Cronex intensifying screens 
( 13). 



RESULTS ANO DISCUSSION 

Synthesis of Heptaicosamer and Pentaicosamer 

The fragments were ~esigned to produce a "putative E. aoZi 

promoter". The rational~ of this design will be published else
where (manusc;ipt in preparation). The sequences of both poly
nucleotides and their complementary regions are depicted in 
Figure 2A. The synthesis was carried out using published pro
cedures (2). The dimer, trimer and tetramer blocks used (written 
in the 5'-3' direction) were as follows: (i) Far the heptaicos
amer, AT, ACT, TTA, AG, AATT, GAC, CTT, ATT and GGA were added 
to the nucleoside T bound to the polyacrylmorpholide resin, in 
the above arder, along nine coupling cycles with an average 
yield of 78%. (i)) To produce the pentaicosamer, AA, GTT, ATA, 
ACAA, ATA, ATT, TAC and GAA were sequentially added to the 
nucleotide C, bQund to the polyacrylmorpholide resin, in eight 
coupling cycles. The average yield was 76%. 

It should be mentioned that the yield of the coupling 
reaction did not decrease with the growing of the polynucleotide 
chain. In another experiment (14) a 31-mer was synthesized 
using the same strategy with' a similar average couplfng yield. 
lt is very difficult to synthesize polynucleotides longer than. 
an icosamer with a defined sequence by a solution method because 
there is no efficient method far the isolation of the product 

-
(15). Thus, the capability for the synthesis of long polynucleo-
tides with defined sequences may be another advantage of the 
solid-phase method. 

Purification of Polynutleotides 

In previous papers, we reported the use of ionic exchange 
HPLC on Permaphase AAX for the purification of the final reac
tion mixture (2). However, the resolution of this column fs 
practfcally limited to polynucleotides smaller than an icosamer. 
To overcome this problem, reverse-phase HPLC was used to purify 
the partfally deprotected polymers without removing the dimeth

oxytrityl (DMT) group. 
Since each of the coupling cycles involved the complete 

removal of the OMT group of the growing chain prior .to the addi

tfon of the new block and the masking of unreacted 5'-hydroxyl 



groups after it, only the fu11-1ength polynucleotide product 
should contain the DMT function. This should allow the separa
tion of the product from the rest of the mixture, since 5'
hydroxyl compounds are eluted faster on the reverse-phase column. 
The<HPLC profiles showed two majar fractions (Figure 3). The 
mo~é retained fraction represents polynucleotides containing 
OMT function. The presence of more than ene peak in this posi
tion of the chromatograms (seen as shoulders) reveals poly
nucleotide fragments that are shorter than the full-length pro
duct, yet they contain the OMT moiety. This could be due to 
incomplete removal of the DMT group during the synthesis and/or. 
degradation during deblocking reactions (10). In any event, the 
more retained fraction (Figure 3) was collected and analyzed by 
gel electrophoresis after removal of the DMT group. This exper
iment showed that a majar pa1t of this peak was the desired 
length, with a small percentage of shorter polynucleotides. 
Preparative gel electrophoresis was, therefore, used far the 
final purification of the polynucleotides. Reverse-phase HPLC 
could be a method of general applicability far the purification 
of synthetic oligomers using the DMT group as a handle. Addi
tional' experiments (data not shown) showed that oligonucleotides 
up to 16 nucleotides in length could be resolved using this 
method without the requirement for any further purification step. 

- Prepáration of Double-Stranded Fragments 

The sequences of the two polynucleotides were designed to 
forma 10 b.p. complementary stretch along their 3'-ends. A 
reaction w~th E. aoz.i .. DNA polymerase 1 (Klenow) should fill in 
the 5'-protruding ends, using the fragments as templates and 
primers for each other. Besides the structure descr.ibed in 
Figure 2A, at least two more double-stranded combinations (de
picted in ~igures 28 and 2C) could be eipected to form in detect
able amounts. Indeed, one of these structures (Figure 28) was 
formed. In arder to favor the formation of the correct double
stranded product (Figure 2A), a three-fold molar exce~s of the 
25-mer over the 27-mer was used and thé ONA polymerase reaction 
was carried out at room temperature. Under these conditions, 
the formation of the desired duplex 1 should be preferred over 



duplexes II and III (Figure 2). 
Figure 4 shows an electrophoretic analysis on a polyacryl

amide gel of the reaction mentioned above, along with the pro
ducts of DNA polym~rase reactions with 27-mer ~r 25-mer alone 
under otherwise identical conditions. The reiction is quite 
efficient for the duplex of the 27-mer with 25-mer, as well as 
for the 27-mer alone. This is not the case when the 25-mer is 
the only polynucleotide present. Since the desi.red product of 
the polymerase reaction differs in size from the product of duplex II by 
only 2 b.p., it was difficult to estima te the relative proportion 
of the two products by simple inspection of the corresponding 
bands in a gel: However, the nucleotide sequence analyses of 
the products mentioned (see next sub-section) was informative in 
this regard. 

Nucleotide Seguence of the Double-Stranded Product 

To obtain the nucleotide sequence of the 42 b.p. fragment, 
two separate reactions with DNA polymerase were performed in 
which either the 25-mer or the 27-mer was labeled at their 5'
ends. The full-length polymerase products were purified by gel 
electrophoresis and their nucleotide sequences were obtained 
according to the procedure of Maxam and Gilbert (13). 

The sequences ·(Figure 5) were as expected far the .chemical 
synthesis of the two polynucleotides and the sub~equent enzymati~ 
reaction. However, as mentioned above, it was necessary to use 
a three-fold molar excess of 25-mer to minimize contamination 
with the polymerase product of duplex II (27-mer with itself). 
The identity of the DNA polymerase )roduct of 27-mer alone was 
confirmed by the determination· of its nucleotide sequence, which 
is shown in Figure 6. The simplest interpretation f'or the 
appearance of a band in the A lane at position 26 of the sequence 
is a "correction" of the mismatched T by the 3'-5' exonuilease 
activity of DNA polymerase I (Klenow fragment). 

From these experiments we concluded .that it is desirable to 
avoid extensive self-complementarity at the ends of the poly
nucleotides. It should be noted, however, that the design of 
these sequences included an EcoRl site, which is produced after 
the polymerase reaction near the 5'-end of the 27-mer fragment. 



After digestion of the DNA polymerase products with the endo
nuclease EcoRl, the desired fragment should contain an EcoRl 

"sticky" end anda blunt end, while the products resulting from 
structures II and IÍI should contain two EcoRl ends or two blunt 
ends, respectively. Thus, the proper ligation into a plasmid 
vehicle containing a single blunt end and an EcoRl end should 
allow sorne selectivity in the recombinant products. Further 
experiments {to be published elsewhere) showed that the sequence 
of the fragment after cloning was as expected for the proper 
polymerase .reaction and incorporation into the cloning vehicle. 

These results demonstrate that the strategy combining the 
chemical synthesis of polynucleotides and an enzymatic DNA poly
merase reaction is simple and accurate for obtaining long double
stranded DNA fragments. There are at least two major advantages 
in using this approach as compared ~o the ligation procedure 
(9). lt requires a smaller amount of synthetic work; for a 42 
b.p. fragment, only 52 .(27 + 25) nucleotiC!es were chemically 
synthesized, 84 would be needed for the ligation approach. Fur
thermore; this system does not require an extensive review of 
possible wrong structures and self-complementary sequences during 
the design for the synthesis as is the case for the ligation 
method. It is enough to avoid undesired potential hybrids at 
the 3'-end of the polynucleotides. 

NOTE: A similar sequence, corresponding to an E. col.i "putative" pro
moter, has been synthesized independently and preliminary results published 
(16) during the preparation of the manuscript for this paper. 
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FIGURE l. Schematic outline of the procedure used far the 
synthesis of dinucleotides. 

FIGURE 3. HPLC profiles of the 27-mer (A) and 25-mer (B) 
mixtures. The DMT group was not. removed prior to injection. 
Chromatography was performed as described in Materia 1 s and Methods. 

FIGURE 4. Autoradiography of polyacrylamide electrophoresis 
gel of DNA polymerase reaction products. Lane B shows the pro
duct of reaction with 25-mer; lane O with 27-mer; lane E with 
the mixture of labeled 27-mer and a three-fold molar excess of 
unlabeled 25-mer. Lanes A and e show the migration of 25-mer 
and 27-mer, respectively, without enzyme. 

F 1 GURE 5. Nucleotide sequence of the doub le-s tranded product. 
Panel A shows the sequence of the strand primed by tbe 27-mer 
(whjch was labeled at its 5' end). The first band at the bottom 
of the autoradiogram is the C at position 7 in the sequence. 
Panel 8 shows the strand primed by the 25-mer. The sequence is 
read from the A at position 12 from ·the 5' end. The sequences 
of the first nucleotides, not shown in these gels, were con
finned by additional experiments (data.not shown). 

E.IGURE 6. _Nucleotid_e sequence of the ONA pl!Jymerase 1 product 
of Duplex 11 (27-mer with itself). The first G detected in the 
gel corresponds with position one from the 5' end. Note the A 
in position 26 (see text). 
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A. 27-mer 
5' GGAATTCTTGACAATTAGTTAACTATT 3' 

3' CAATTGATAAACAATATTACATAAG 5' 
25-mer 

DUPLEX 1 

B. 27-mer 
5' GGAATTCTTGACAATTAGTTAACTATT 3' 

3' TrATCAATTGATrAACAGTTCTTAAGG 5' 
27-mer 

DUPLEX II 

C. 25-mer 
5' GAATACATTATAACAAATAGTTAAC 3' 

FIGURE 2. 

3' CAATTGATAAACAATATTACATAAG 5' 
25-mer 

DUPL EX I 1 I 

Núcleotide sequences of single-stranded fragments and 
alternative duplex structures they can form. 
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