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Presentación. 

La presente tesfs engloba diversos enfoques en la in

vestigación de la fnestabflfdad del fenotipo sfmbfótfco de R. 

phaseoli; presento estos enfoques escritos en forma de articu 

las de investigacfón ya que mi inteción es que se publique en · 

alguna revista del área, aif mi~mo a manera de introducción al 

trabajo de investigación presento rrn artfculo de divulgación 

que publiqué en 11 Investigación y Ciencia". Algunos de los da

tos que no están incluidos en ningún articulo, los presento -

al final como un capítulo más. 

En la dfscusión final resalto algunos puntos genera

les de mi trabajo, ya que la discusión de los datos está in ~ 

cluido en cada artfculo; y propongo algunas estratégias futu

ras de mi investigación. 



Mecanismo de nodulación 
de las leguminosas 

La investigación genética de Rhizobium ha permitido avanzar 

en el estudio del mecanismo de nodulación de las leguminosas y 

de la dinámica de la población de estas bacterias en el suelo 

T
odos los seres vivos requieren 
una fuente nitrogenada para cre
cer, ya que los principales com

ponentes celulares, como las proteínas 
y los ácidos nucleicos, contienen nitró
geno. Varían, sin embargo, los com
puestos nitrogenados que los distintos 
organismos son capaces de asimilar; las 
plantas utilizan compuestos inorgáni
cos, como amonio (NH4 +) o nitrato 
(N03 -); los animales superiores, ade
más de amonio, requieren compuestos 
orgánicos, como aminoácidos o bases 
nitrogenadas. 

En última instancia, todos los com
puestos nitrogenados que los seres 
vivos utilizan provienen del nitrógeno 
molecular (N2), que representa el 80 
por ciento de Jos gases que forman Ja 
atmósfera terrestre. Los únicos orga
nismos capaces de utilizar directamente 
este elemento son las bacterias fijado
ras de nitrógeno. Los demás dependen 
del metabolismo de estos microorganis
mos para tener una fuente nitrogenada. 
Dichas bacterias asimilan el nitrógeno 
molecular por medio de la enzima ni
trogenasa, proteína que cataliza la con
versión de nitrógeno en amonio hidroli
zando adenosín trifosfato (ATP). 

En la mayoría de los habitats del pla
neta , Ja productividad biológica está li
mitada por la disponibilidad de una 
fuente nitrogenada, de modo que si se 
aumentara la fijación de nitrógeno au
mentaría la biomasa del ecosistema. La 
disponibilidad de amonio . o nitrato en 
el suelo condiciona también el creci
miento de muchas plantas cultivadas 
por el hombre, que han de fertilizarse 
para aumentar los rendimientos. 

Los fertilizantes nitrogenados que se 
utilizan en la agricultura se sintetizan a 
partir de nitrógeno atmosférico; este 
proceso requiere de alta presión y tem
peratura , que se alcanzan a expensas de 
combustibles derivados del petróleo. Si 

Gloria Soberón 

los requerimientos de las plantas pudie
ran satisfacerse directamente por la 
fijación biológica de nitrógeno habría 
un ahorro de combustible y se sustitui
rían los recursos naturales no renova
bles por la energía derivada , en última 
instancia, del sol. 

El poder acoplar la fijación de nitró
geno con su asimilación por plantas de 
importancia económica es un objetivo 
muy prometedor, aunque todavía leja
no. Un enfoque que puede proporcio
nar información valiosa para provocar 
la interrelación entre las bacterias fija
doras de nitrógeno y plantas cultivadas 
es el de estudiar las soluciones tjue se 
han seleccionado en la naturaleza. 
Hasta el momento, la relación mejor 
estudiada es la simbiosis que se estable
ce entre bacterias del género Rhizo
bium y algunas leguminosas. 

Las bacterias del género Rhizobium 
son habitantes naturales del suelo que 
infectan las raíces de ciertas legumino
sas. Al llevarse a cabo esta infección, se 
desarrollan unas estructuras denomina
das nódulos, donde las bacterias se di
viden y fijan nitrógeno. La especie a la 
que pertenece un cierto Rhizobium se 
define por la especie de la planta que 
nodula y en la que es capaz de fijar ni
trógeno; así pues , la bacteria que se 
asocia con el guisante se conoce como 
Rhizobium /eguminosarum y, la que lo 
hace con el trébol, Rhizobium trifolii, 
etcétera. 

El nódulo está formado por tejido de 
la planta. Algunas de las células que lo 
constituyen contienen bacterias englo
badas en membranas dentro de su cito-

plasma; estas bacterias atraviesan un 
proceso de diferenciación y es precisa
mente la forma diferenciada (bacteroi
de) la que fija el nitrógeno. El bacteroi
de es mayor que la bacteria, posee una 
forma irregular y se muestra más sensi
ble a cambios de presión osmótica. 

El nódulo viene a ser, pues, un órga
no producto de la simbiosis , encargado 
de la fijación de nitrógeno y la asimila
ción de este elemento. A lor, nódulos 
llegan carbohidratos producto de la fo
tosíntesis; de ellos se exporta a las es~ 
tructuras superiores de la planta el ni
trógeno fijado por el bacteroide y 
transformado en el citoplasma de la cé
lula vegetal en compuestos orgánicos 
nitrogenados, como aminoácidos o de
rivados de bases nitrogenadas. De este 
modo, el nitrógeno requerido para el 
crecimiento de la planta lo aporta la 
bacteria; la leguminosa proporciona la 
energía necesaria para la actividad de 
la nitrogenasa y para el mantenimiento 
del nódulo . 

Cuando se cultiva una leguminosa, el 
número de Rhizobia presentes en 

el suelo capaces de nodularla aumenta 
en varios órdenes de magnitud, lo que 
muestra que el Rhizobium específico se 
beneficia de Ja presencia de su planta 
hospedadora; se desconoce, sin embar
go, el mecanismo responsable de que 
esto suceda. Es poco probable que las 
bacterias que forman los nódulos y se 
convierten en bacteroides aumenten en 
número, pues el bacteroide es mucho 
más frágil que la bacteria y no parece 
regresar a su forma original. Otra expli-

l. LA INTERACCION DE RHIZOBIUM PHASEOLI con la rafz de fríjol tiene como resultado la forma
ción de nódulos en los que se lleva a cabo'la fijación del nitrógeno (abajo). Arriba se ofrece una microgra
ffa obtenida por Federico Sánchez, del Centro de Investigación sobre Fijación de Nitrógeno, en la que se 
pueden apreciar una célula Infectada que contiene bacteroides y células no infectadas. La raíz del fríjol de 
la Izquierda, abajo, corresponde a una planta Inoculada con una cepa silvestre de R. phaseoli; a la dere
·cha, otra planta Inoculada con la misma cepa después de un tratamiento que elimina plásmldos. 
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cación podría ser que la fracción de la 
población de Rhizobium que no infecta 
a Ja planta se dividiera en presencia de 
ésta; pero esto podría producir que se 
amplificara la información más ineficaz 
para la simbiosis, pues serían las bacte
rias que no forman nódulos las que se 
desarrollarían. Como se verá más ade
lante, este fenómeno podría justificarse 
atendiendo a la reordenación de los 
plásmidos, que portan la información 
de Rhizobium que participa en la sim
biosis con la leguminosa. 

BACTERIAS 
DESNITRIFICANTES 

/ 

Según se ha establecido, la informa
ción genética que determina que Rhi
zobium sea capaz de infectar específi
camente una leguminosa y fijar nitró
geno en asociación con ella está codifi
cada en ciertas moléculas de ADN ex
tracromosómico conocidas como plás
midos. 

Los primeros datos al respecto los 
aportó, en 1967, S. Higashi, de la Uni
versidad de Tokyo. Demostró que la 
especificidad para nodular trébol se 
transfería por conjugación de R. trifolii 

NITROGENO 
ATMOSFERICO 

BACTERIAS 
FIJADORAS 

DE NITAOGENO 

( AMINO \ 

\ ACIDOS) 

'--~ -- / 

PLANTAS 
SUPERIORES 

BACTERIAS 
NITRIFICANTES 
NITROBACTER 

ANIMALES 
SUPERIORES 

BACTERIAS 
NITRIFICANTES 

NITROSOMONAS 

2. CICLO DEL NITROGENO. La fuente de nitrógeno que utilizan los distintos organismos varía; la 
serle de transformaciones que sufre el nitrógeno al ser asimilado constituye un ciclo. La entrada de este 
elemento a la biosfera depende de la conversión del nitrógeno atmosférico en amonio, proceso que recibe 
el nombre de 11jación del nitrógeno. Sólo ciertas bacterias son capaces de usar el N2 para desarrollarse. 

a una cepa que originalmente nodulaba 
fríjol (R. phaseoli). Ya que la transfe
rencia por conjugación es una caracte
rística propia de los plásmidos, este re
sultado demuestra que la especificidad 
para la nodulación está codificada en 
una de estas moléculas. 

Más tarde se demostró la transferen
cia de la especificidad de nodulación 
entre varias especies de Rhizobium 
como R. leguminosarum y R. trifolii. 
Posteriormente, el grupo de R. A. 
Schilperrort, de la Universidad holan
desa de Leiden, puso de manifiesto la 
transferencia de Ja capacidad de nodu
lar trébol, aunque no de fijar nitróge
no, de Rhizobium trifolii a una cepa de 
Agrobacterium tumefaciens, que natu
ralmente no nodula ninguna planta. 
Recientemente en el Centro de Investi
gación sobre Fijación de Nitrógeno de 
la Universidad Nacional Autónoma de 
México, el grupo de M. Mejías y el 
nuestro encontramos que Agrobacte
rium tumefaciens es capaz de nodular 
fríjol y de fijar nitrógeno en estos nódu
los al heredar ciertos plásmidos prove
nientes de Rhizobium phaseoli. 

Otro enfoque experimental usado es 
el de tratar Rhizobium con agentes que 
eliminan plásmidos. Se ve cómo se 
pierde la capacidad de nodular y de 
fijar nitrógeno. Gracias a este enfoqut: 
W. Zurkowski, de la Universidad Na
cional de Australia, ha identificado qué 
plásmidos llevan información para la 
nodulación de varias cepas de R. tri
folii . 

La obtención de mutantes defectivos 
en el establecimiento de la simbiosis, y 
su cartografía correspondiente, posibi
litó localizar ese tipo de información en 
plásmidos. El grupo de investigación 
de J. Beringer y A . Johnston, del Insti
tuto John Innes en Inglaterra, informó 
en 1980 que mutaciones localizadas en 
un plásmido transferible de R. legumi
nosarum dañaban la capacidad de no
dular o de fijar nitrógeno dentro de los 
nódulos. 

E n 1976, R. Dixon, de la Universi
dad inglesa de Sussex, aisló en un 

plásmido conjugativo la región del cro
mosoma de Klebsiella pneumoniae que 
determina la síntesis de histidina (his) y 
Jos genes que participan en Ja fijación 
de nitrógeno (nif); al transferir este 
plásmido a bacterias como Escherichia 
coli y Salmonella typhimurium, reci
bían éstas la capacidad de fijar nitró
geno. 

Conocemos ya con bastante porme
nor la región del cromosoma de Kleb
siella pneumoniae que contiene los 
genes nif. Se ha identificado 17 genes, 
de muchos de Jos cuales se sabe su fun-
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3. DE LA INTERACCION entre Rliizobium y la rafz de una leguminosa se Por su lado, la planta aporta el fotosintato para la actividad de la enzima 
forma un nódulo. En él la bacteria se convierte en bacteroide y fija nitrógeno. nitrogenasa, que asimilará el amonio y proporcionará alimento a aquélla. 

ción. El trabajo experimental lo han 
llevado adelante los grupos de investi
gación de la Universidad de Sussex en 
Inglaterra y de la Universidad de Wis
consin en los Estados Unidos. En 1977, 
F. Cannon y F. Ausubel clonaron toda 
la región nif de Klebasiella pneumoniae 
en plásmidos, que se encuentran en 
muchas copias por célula. Los 17 genes 
se partieron en varios fragmentos; se 
aislaron cinco clones independientes 
que venían a cubrir la región nif entera; 
en un don de éstos se identificaron los 
tres genes que codifican para la enzima 
nitrogenasa. 

F. Ausubel publicaba en 1980 que el 
ADN del don que lleva los genes es
tructurales de la nitrogenasa de Kleb
siella pneumoniae hibridizaba con el 
ADN de distintas bacterias fijadoras 
del nitrógeno; dentro de éstas las había 
de diferente linaje evolutivo: cianobac
terias y clostridias; demostrábase así 
que la nitrogenasa era una enzima 
cjue persistía a lo largo de la evolución 
biológica. Las secuencias del ADN de 
Rhizobium homólogas a los genes es
tructurales de la nitrogenasa de K. 
pneumoniae se encuentran codificadas 

en plásmidos, como se ha demostrado 
en varias especies: R. leguminosarum, 
R. trifolii, R. phaseoli y R. meli/oti. 

En 1982 se informó del trabajo reali
zado en el Centro de Investigación 
sobre Fijación de Nitrógeno de la Uni
versidad Nacional Autónoma de Méxi
co, según el cual se repetían las secuen
cias de ADN de Rhizobium phaseoli 
homólogas a los genes estructurales de 
la nitrogenasa de K. pneumoniae. Se 
sabe que en esta especie existen tres re
giones con genes nif, todas codificadas 
en un mismo plásmido. El fenómeno de 
reiteraciones de genes nif se ha obser
vado también en otras bacterias fijado
ras de nitrógeno. No se conoce aún el 
significado biológico de la reiteración 
de estos genes. 

En algunas cepas de Rhizobium se ha 
demostrado que el plásmido que lleva 
información para la nodulación es el 
mismo que tiene los genes estructurales 
de la nitrogenasa. A este tipo de plás
midos se les denomina Sym (simbióti
cos). Recientemente se han aislado 
genes que están involucrados en el pro
ceso de nodulación de algunas especies 
de Rhizobium, todos ellos presentes en 

el plásmido Sym. Este trabajo lo reali
zaron A. Kondorosy y S. Long con R. 
meliloti y A. Downey con R. legumino
sarum. La identificación de los produc
tos de estos genes podría llevar al en
tendimiento del proceso de modulación 
en un nivel molecular. 

Los plásmidos son moléculas infor
macionales que se encuentran en la in
mensa mayoría de las bacterias gram 
negativas . Como se verá más adelante, 
dadas sus características estructurales 
los plásmidos tienen características dis
tintas de cualquier otro tipo de m.olécu
las de ADN. 

E l primer plásmido descrito en bacte
rias fue el factor F, descubierto en 

los primeros años de la década de los 50 
por Lederberg y Hayes al estudiar la 
conjugación bacteriana. Observaron 
que, para llevar a cabo esta transferen
cia, era necesario que la bacteria dona
dora tuviera el factor F; se requería, 
además, el contacto directo entre dos 
bacterias. Si el factor F se encontraba 
integrado en el cromosoma bacteriano, 
promovía la transferencia de genes cro
mosómicos, si no se transfería sólo el 



mismo. En 1956, Franc;ois Jacob y Wol
lman demostraron que el factor F era 
una moléculá de ADN que se autorre
plicaba y que se agregaba a Ja informa
ción genética bacteriana; una bacteria 
podía obtener, así, un plásmido por 
conjugación, y debía perderlo para re-

OBTENCION DE UN PLASMIDO 
POR CONJUGACION 

CROMOSOMA PLASMIDO 
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gresar a su estado anterior. La capaci
dad de promover la conjugación bacte
riana constituye una peculiaridad ex
clusiva de los plásmidos; existen , empe
ro, un grupo de estos elementos, los 
plásmidos no conjugativos, que son in
capaces de transferirse. 

CONTACTO 
DIRECTO 

CROMOSOMA PLASMIDO 

\A--___ / 
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o 
ESPONTANEAMENTE O 

POR TRATAMIENTO CON 
INTERCALANTES 

4. GANANCIA, Y PERDIDA DE PLASMIDOS. Son éstos moléculas de ADN capaces de autotransferlrse 
entre bacterias. La Información que encierran se suma así a la que contiene el cromosoma bacteriano 
hospedante (arriba). Una bacteria puede perder un plásmldo esponúineamente o por el uso de agentes 
químicos como lntercalantes o agentes fl'slcos como el calor (abajo), regresando a su estado original. 

En 1959 se encontró el segundo gran 
grupo de plásmidos, Jos plásmidos R, 
que determinan resistencia a antibióti
cos. Identificados en Japón durante 
una epidemia de disentería, en la que 
se aislaban de los enfermos cepas con 
múltiples resistencias, entre ellas a anti
bióticos que no habían sido usados para 
el tratamiento. Este fenómeno les hizo 
pensar que tales resistencias se habían 
coseleccionado junto con las adquiridas 
contra Jos antibióticos administrados a 
los enfermos; la explicación de tal cose
lección había que buscarla en que todos 
se codificaran por la misma molécula 
de ADN. Posteriormente, se determi
nó que todas las resistencias se transfe
rían juntas en cepas de Shige/la di.~ente
riae; de ésta pasaban a otro tipo de bac
terias, como Escherichia coli. 

Con los años fueron descubriéndose 
muchos tipos de plásmidos. Pre

sentan, además de su capacidad de 
transferencia y resistencia a antibióti
cos, múltiples virtualidades: codifican 
la producción de bacteriocinas, deter
minan la patogenecidad de las bacterias 
(así, en ciertos serotipos patógenos de 
E. coli o en Agrobacterium tumefa
ciens, que produce tumores en un gran 
número de plantas), etcétera. En cier
tos medios , contener un plásmido re
presenta una ventaja selectiva para la 
bacteria; por ejemplo, cuando tiene un 
plásmido R y está en presencia de un 
antibiótico contra el que le confiere re
sistencia . 

En la célula bacteriana pueden coe
xistir varios plásmidos siempre que no 
tengan un mecanismo de replicación 
igual que les induzca a Ja mutua compe
tencia. Este fenómeno de incompatibi
lidad constituye uno de los criterios 
utilizados para la clasificación de plás
midos. Son éstos moléculas muy plásti
cas. Atraviesan reorganizaciones es
tructurales que crean configuraciones 
con características nuevas. Participan 
frecuentemente en procesos de recom
binación . 

Existen dos grandes mecanismos de 
recombinación de ADN. Exige el pri
mero que las secuencias a intercambiar 
presenten una estrecha homología (re
combinación legítima); el segundo me
canismo sucede en ausencia de homolo
gía (recombinación ilegítima) . La re
combinación legítima puede seguir va
rios caminos, pero .todos dependen de 
la función del producto de un gen deno
minado recA; del que no necesita la ile
gítima para desarrollarse. Aunque no 
se conoce bien el mecanismo por el que 
se lleva a cabo esta función, se sabe que 
el producto del gen recA participa er. 
todos los procesos celulares donde in-



RECOMBINACION LEGITIMA ENTRE PLASMIDOS 

a) INTERCAMBIO DE SECUENCIAS 

o 

b) FORMACION DE COINTEGRADOS 

e) RECOMBINACION INTRAPLASMIDOS 

r 
\ ' / 

u 

S. RECOMBINACION LEGITIMA ENTRE PLASMIDOS. SI se encuentran dentro de una bacteria 
secuencias de ADN homólogas, participan en procesos de recombinación. En algunos casos, los plásmldos 
que coexisten en una célula comparten secuencias; ello les permite Intercambiar Información o formar 
colntegrados. Las secuencias homólogas del mismo plásmldo pueden perderse por recombinación. 

terviene la recombinación legítima; en 
su ausencia, es muy bajo el r~nqimien
to de la recombinación entre secuencias 
homólogas presentes en el cromosoma 
bacteriano. · 

Cuando coexisten en una célula dos 
plásmidos de secuencia homóloga se re
combinan e intercambian información 
o bien se cointegran para formar una 
sola molécula, que es la suma de ambos 
plásmidos. La recombinación entre se
c;uencias homólog_~s se produce a veces 
también dentro de la misma molécula. 
Propio de algunos plásmidos es que 

pueden participar en fenómenos de re
combinación legítima en ausencia del 
producto del gen recA. 

La recombinación ilegítima o trans
posición es la que presentan las llama
das secuencias de inserción o los trans
posones. Durante la transposición, las 
secuencias de ADN cambian de lugar 
en el genoma y se insertan en una re
gión que no guarda homología con ella; 
si esta integración sucede dentro de un 
gen se produce una mutación, pues se 
rompe la continuidad de la información 
codificada. Todos los transposones y 

Carleton S. Coon 

ADAPTACIONES 
RACIALES 

Un estudio de los orígenes, 
naturaleza y significado 

de las variaciones raciales 
en los humanos 

Un volumen de 224 p'glnas, con numerosas 
llustra,iones en negro y color. 
Colección Labor Universitaria, Manuales 

* * 
Carletón S. Coon era una de las personas 

que más sabían sobre la variabilidad humana. 
Precisamente cuando se estaba preparando la 
edición de esta obra, en el verano de 1981 . 
Coon falleció . 

El libro es una interesante colección de me· 
dilaciones y juicios sobre la naturaleza y signi· 
ficado de las variaciones raciales. Se trata de 
un libro de ideas y no de una compilación de 
fechas y referencias de tipo enciclopédico; ésta 
es la característica de los anteriores escritos de 
Coon: The Roces o/ Europe (1939), Las razas 
humanas actuales (Guadarrama, 1969) y The 
Living Roces o/ Man (1965) . 

Las variaciones físicas, fisiológicas y genéti· 
cas en los seres humanos suelen crear contro
versias , porque a menudo se confunden con 
ideas sociales y políticas. Pero cualquiera que 
sea nuestra idea sobre la raza , la diversidad 
humana existe , y sólo una pequeña parte de 
ésta ha sido relacionada con los factores am· 
bien tales . 

Los antropólogos saben muy bien que la luz 
intensa favorece la piel obscura y que la mala
ria endémica puede ser causa de selección por 
la mayor frecuencia de hemoglobinas anorma· 
les en los glóbulos rojos . Otros factores, como 
los mecanismos por los cuales la talla de los 
cuerpos puede estar relacionada con la función 
de la hipófisis y con el agua , el calcio y el me
tabolismo del fósforo , no están muy bien de
terminados. Justamente, uno de los más inte· 
resantes y valiosos aspectos de este libro son 
las sugerencias que hace Coon sobre estos 
temas. 

Tanto desde el punto de vista de una intro
ducción al estudio de la variabilidad humana, 
como por tratarse de la última obra de un emi· 
nente antropólogo, este libro merece , sin 
duda , la lectura minuciosa de todos los que se 
interesan por la antropología . 
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TRANSPOSICION 

a) A UNA MOLECULA CON REPLICACION AUTONOMA 

b) A OTRA REGION DE LA MISMA MOLECULA 
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REARREGLOS PROMOVIDOS POR SECUENCIAS TRANSPONIBLES 

a) DELECION 

b) INVERSION 

( 

e) FORMACION DE COINTEGRADOS 
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6. REARREGLOS PROMOVIDOS POR TRANSPOSICION. Llamados también reordenaciones cro
mosómicas. Durante la transposición, una secuencia de ADN cambia de posición en el genoma y se inserta 
en una secuencia con la que no tiene homología. La presencia de transposones aumenta la frecuencia de 
rearreglos estructurales (deleciones, inversiones o formación de cointegrados) del ADN donde se halla. 

las secuencias de inserción están flan
queados por secuencias invertidas repe
tidas; en algunos casos se sabe que de
terminan los productos que intervienen 
en su transposición . 

Las secuencias que son capaces de 
transponer promueven reordenaciones 
estructurales de las moléculas en las 
que están insertas; a saber: deleciones, 
inversiones y uniones. Por cuya razón 

las moléculas de ADN que contienen 
secuencias de inserción o transposones 
son menos estables que las que carecen 
de este tipo de secuencias. Los plásmi
dos son moléculas de ADN donde sue
len darse secuencias transponibles; de 
hecho, la gran mayoría de transposones 
descritos forman parte estructural de 
algún plásmido, razón de más para la 
plasticidad de este tipo de moléculas. 

En varias especies de Rhizobium, 
parte de la información que determina 
el establecimiento de la simbiosis con la 
leguminosa está codificada en plásmi
dos, lo que comporta diversas implica
ciones para su estabilidad, distribución 
entre diferentes bacterias y su capaci
dad de asociarse con otro tipo de infor
mación. Se han encontrado reordena
ciones estructurales donde intervienen 
los plásmidos Sym de Rhizobium, pero 
no se ha. determinado si son producto 
de recombinación legítima o no; tam
poco se sabe si estas moléculas encie
rran secuencias transponibles. 

E l grupo de B. Rolfe, de la Universi
dad Nacional de Australia, expu

so que un plásmido Sym de R. legumi
nosarum sufría deleciones al encontrar
se dentro de una cepa d~ R. trifolii. 
Tales reordenaciones ocurrían con más 
frecuencia cuando la bacteria estaba en 
contacto con la planta hospedadora que 
cuando crecía en un medio de cultivo. 
El grupo de Rafael Palacios, del Centro 
de Investigación sobre Fijación de Ni
trógeno de la Universidad Nacional 
Autónoma de México, encontró que al 
someter una cepa de R. phaseoli a un 
tratamiento para eliminar plásmidos 
era muy frecuente encontrar un cointe
grado entre el plásmido Sym y otro de 
menos peso molecular. Por mi parte, 
trabajando en el mismo Centro de In
vestigación, hallé que el plásmido Sym 
de una cepa de R. phaseoli que pierde 
la capacidad de nodular fríjol a muy 
alta frecuencia presenta rearreglos es
tructurales y que la bacteria que con
tiene el plásmido rearreglado pierde la 
capacidad de nodular fríjol. 

La participación de los plásmidos 
Sym en procesos de recombinación en 
condiciones naturales nos lo sugiere el 
hecho de que existan dos de estas molé
culas que establecen la simbiosis con 
una especie de leguminosa, sin dejar de 
portar su información peculiar y distin
ta. Me refiero a los plásmidos Sym de 
dos cepas de R. leguminosarum, estu
diados por J. Beringer, A. Johnston y 
N. Brewin, en el Instituto Johns Innes. 
Uno de ellos es transferible y determi
na la producción de bacteriocinas; el 
otro, que no es conjugativo, contiene 
los genes de la hidrogenasa de captura. 

Si la información para la simbiosis 
puede estar asociada con información 
para otros procesos, cabe que, por re
combinación, este tipo de secuencias 
estén repartidas en dos o más plásmi
dos independientes. Tal sucede en una 
cepa de R. phaseoli. En el Centro de 
Investigación sobre Fijación de Nitró
geno de la Universidad Nacional Autó
noma de México, J. Leemans y M. 



Mejías aislaron derivados de esta cepa 
que tienen defectos en el estableci

. miento de la simbiosis con el fríjol por 
la pérdida de un plásmido y que conser-
van otro que determina los genes es
tructurales de la nitrogenasa. 

La información para el estableci
miento de la simbiosis entre Rhizobium 
y la leguminosa está codificada, por lo 
menos en parte, en plásmidos. Estos 
plásmidos Sym, en condiciones de labo
ratorio, son moléculas muy plásticas. 
Ahora bien, aunque existen fenómenos 
en la naturaleza en los que podría tener 
importancia la codificación en plásmi
dos de la información simbiótica de 
Rhizobium, esto no se ha explorado di
rectamente. 

Entre estos fenómenos citemos la 
ineficacia de algunas prácticas de ino
culación de leguminosas de interés co
mercial. A pesar de que se utilizan bac
terias que en condiciones de invernade
ro son muy buenos simbiontes, en oca
sfones se observa que en el campo este 
Rhizobium forma una fracción peque
ña de los nódulos o pierde su capacidad 
para fijar nitrógeno con el paso del 
tiempo. Este problema puede deberse 
a que el plásmido Sym de la bacteria 
usada como inoculante sea inestable en 
las condiciones de campo, a que no se 
transfiera a otras bacterias presentes en 
el suelo o a que en estas condiciones 
participe en sucesos de recombinación 
que generen plásmidos con defectos en 
la información simbiótica. 
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El número de los Rhizobia específi
cos para una leguminosa aumenta 
cuando ésta se cultiva. La información 
simbiótica se podría transferir por 
conjugación entre bacterias, de tal ma
nera que la multiplicación de los sim
biontes no sólo dependería de la capa
cidad de las bacterias para replicarse 
cuando se encuentra presente la planta 
hospedante, sino que se reclutarían 
nuevos Rhizobia entre las bacterias na
tivas del suelo que heredarán el plásmi
do Sym. 

Otro fenómeno es el de la aparente 
dispersión evolutiva de los Rhizobia 
pertenecientes a una especie, como es 
el caso de R. phaseoli. Esta observa
ción podría deberse a que el plásmido 
Sym de esa especie pueda funcionar en 
fondos genéticos muy variados, de 
suerte que bacterias alejadas evolutiva
mente permitan la expresión del plás
mido y puedan . formar nódulos en 
fríjol. 

Actualmente ·se puede estudiar direc
J-\.. tamente Ja participación de Jos 
plásmidos Sym en los acontecimientos 
mencionados, ya que se cuentan con 
marcadores genéticos tanto en el cro
mosoma bacteriano como en diversos 
sitios del plásmido Sym. Por otra parte 
se puede hacer un análisis evolutivo de 
distintos plásmidos Sym para determi- · 
nar la participación de eventos de re
combinación en su generación o mante
nimiento; este enfoque experimental lo 
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está abordando el grupo de investiga
ción de Rafael Palacios en la Universi
dad Nacional Autónoma de México . 

La información genética de Rhizo
bium que determina el establecimiento 
de la simbiosis con las leguminosas está 
codificada en plásmidos de alto peso 
molecular; por ello presenta caracterís
ticas peculiares para su distribución y 
mantenimiento; se puede transferir 
entre bacterias por conjugación y 
puede segregar del cromosoma bacte
riano y participar en eventos de recom
binación . que afecten su estructura. 
Estas características propias de los ele
mentos extracromosómicos repercuten 
en el manejo de Rhizobium como ino
culante en plantas de interés comercial. 

Al contemplar en Rhizobium la inte
J-\.racción entre dos genomas con 
propiedades diferentes cabe plantear 
enfoques experimentales que descifren 
la dinámica de población de estas bac
terias en el suelo y permitan la selec
ción de cepas idóneas para su empleo 
como inoculantes. Por otra parte, se 
puede aplicar a Rhizobium las técnicas 
de manipulación genética de bacterias, 
tales como la recombinación in vitro de 
ADN, al objeto de construir plásmidos 
Sym híbridos y seleccionar el mínimo 
de información que le permitiera a una 
bacteria del suelo fijar nitrógeno en 
asociación con una leguminosa sin ser 
desplazada por los Rhizobia presentes 
en la tierra. 
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7. MAPA DE RESTRICCION de las tres regiones del plásmido Sym de la 
cepa CFN42 de R. phaseoli que contienen los genes estructurales de la nitroge
nasa. Se presentan los mapas de los Insertos en los fagos /..GCI (a), /..GC2 (b) 
Y /..GC3 (c). Las barras corresponden a las zonas secuenciadas en las que se 

resalta (<m gris) la zona que determina la nltrogenasa reductasa (nij H); la 
homología estructu ral entre las regiones se muestra entre líneas punteadas. E 
corresponde a Eco RI, H, a Hlnd 111; G, a Bgl 11; X, a Xho I; B, a Bam HI; P, 
a Pst I; S, a Sal l. (Mapa proporcionado por Carmen Quinto, de la UNAM.) 
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SUMMARY 

Twenty two Rhizobium pha~eoli isolates were analized 

far the stability of their symbiotic properties after a treatment 

to cure plasmid; four of these strains loase their ability to 

nodulate beans ata high frequency (¿32.5%); three of the sym-

b io tically unstable R. pha¿eol¡ strains were isolated from the 

same agricultural region. The prevalence of a particular, simbio

tically unstable strain was discarded by the analisis of the 

plasmid eletrophoretic pattern of the unstable R. pha~eoli 

isolates. The restriction pattern of the nitrogenase reductase 

genes (nióH) was analized, the symbiotically unstable R. pha¿eot¡ 

strains have the same restriction pattern, while five stable 

R. pha~eoli isolates analized have a variable restriction 

pattern of these genes. The non nodulating (Nod-) derivatives 

analized loase nióH genes, but this loss of DNA could not be 

correlated v1ith a change in the electrophoretic pattern of their 

plasmid. This type of Sym plasmid deletion has been described far 

one R. pha~eoli strain (Soberón-Chávez e~ al, 1986). 
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INTRODUCTION 

Bean inoculation with selected Rhizobium pha~eoli 

strains has not been a successfull agronomic practice (Graham, 

1981), the reason far the failure of these bacteria to provide 

enough nitrogen to sustain plant growth, is not clear (Martinez 

and Palacios, 1984). 

Rhizobium pha~eoli symbiotic information is encoded in 

a plasmid (Sym plasmid), (Hombrecker et al, 1981). This Sym 

plasmid has a peculiar genetic structure; it has been shown that 

most of the bacterta isolated from nitrogen fixing bean nodules 

contain reiterated nitrogenase structural genes (Martinez et al, 

1985), and many other DNA sequences also present in the Sym 

plasmid are al so reiterated (Flores et al, 1985). 

In sorne R. pha~eoli strains the Sym plasmid participates 

in different genetic rearrangements that modify the bacteria's 

symbiotic phenotype (Soberón-Chávez et al, 1986). One of these 

rearrangements is the deletion of the symbiotic plasmid, this 

plasmid loases :ioOkb of DNA including the three copies of the 

nitrogenase reductase gene (ni6HI, but the apparent molecular 

wheight of this plasmid remains unaltered. The bacteria which 

habours the deleted symbiotic plasmid is unable to nodulate 

beans. 

The genetic plasticity of the Sym plasmid could cause 

{~ 



that the nodule forming ability of Rhizobium pha~eoli isolates 

is lost at a high frequency and this may be related to the 

· failure of these bacteria to increase bean yield when used as 

inoculant in the field. 

We found that three out of six R. pha6eoli isolated from 

Celaya, Guanajuato, a Mexican region where beans are currently 

cultivated, loase the ability nodulate beans of a high frequency 

(see RESULTS and DISCUSSION), so we decide to look far the 

presence of symbiotically unstable R. pha6eoli isolates in other 

Mexican regions where beans are currently cultivated. We were 

unable to show a correlation between the presence of symbiotically 

unstable R. pha~eoli strains and the failure of this bacteria to 

increase plant yield when used as inoculants. · 

We analized the plasmid electrophoretic profile and 

ni6H restriction pattern of the unstable R. pha6eoli isolates and 

showed that a similar molecular mechanism to that described far 

the instabil ity of the symbiotic phenotype of R. pha6eoli CFN23 strain 

(Soberón-Chávez et al, 1986) is involved in the loss of the 

symbiotic phenotype of all the unstable R. pha6eoli isolates. 
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METHODS 

Isolation of Rhizobium pha~ e oli strains. Bacteria were 

isolated from bean nodules e o.l .ected in Celaya, Guanajuato; 

Zacatepec, Morelos or Oaxaca, Oaxaca as ~own in Table 1; each 

nodule was surface sterilized, crushed and streaked in PY media 

(Noel et al, 1984), a single colony was isolated from each 

nodule and tested for bean nodulation in laboratory conditions 

(Martínez et al, 1985). The frequency of loss of the nodule 

forming ability of each isolate was quantitated as described 

be low. The strains which were further characterized are shown 

in Table 2. 

Oetermination of Symbiotic Instability. Each of the 

Rhizobium pha~eoli strains was streaked in YM media (Vicent, 

1970) and incubated at 37 º C for five days. This treatment has 

been shown to enhance the frequency of loss of the symbiotic 

properties of a Rhizobium pha~eoli strain (Soberón-Chávez et 

al, 1986), and was original described to cure Rhizobium :tJr.).óolii 

plasmids (Zurkowski, 1982). Eight single colonies were purified 

from each strain that was incubated at 37ºC, and their ability 

to nodulate beans was tested; to avoid false negative results, 

all the bacteria notable to form nodules (Nod - ) in the first 

screening were inoculated into beans for a second test. A strain 

was consider to be symbiotically unstable if at least three of 



the eight colonies tested were Nod~. 

Isolation and Manipulation of DNA. Conditions for isola 

tion of DNA, and Southern blot hybridization were those reported 

by Quinto e.:t al, 1982. R. pha.6e.oLl probe was described previously 

(Martínez e:t al, 1985). Plasmids were visualized by the proceed.Jre 

described by Eckhardt, 1978. 
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RESULTS and DISCUSSION 

Simbiotically unstable R. pha6e.oli isolates are only 

common in one agricultural field. The incubation of Rhlzobla 

at 37ºC for several days increases the loss of the symbiotic 

plasmid of R. t~inolii strains (Zurkowzki, 1982), in arder to 

obtain Rhizobium pha~eoli derivatives cured of their symbiotic 

plasmid, we heat treated six R. pha6e.oli strains isolated in 

Celaya, Guanajuato, M~xico (Table 1); we found that three of 

these strains (CFNl, CFN5 and CFN23, Table 2) loase their 

ability to nodulate beans ata very high frequency; more than 

30% of the colonies tested after hear treatment were unable to 

nodulate beans. (data not shown) 

In order to determine if the high frequency of loss of 

the symbiotic phenotype of Rhizoblum pha6e.oli isolates was 

related with the ineficiency of these bacteria when used as 

inoculants in the field, we studied the frequency of unstable 

R. pha6e.oli isolated from other two Mexican agricultural regions 

where beans are currently cultivated (Zacatepec, Morelos and 

Oaxaca, Oaxaca, Table 1), the three agricultural regions chosen 

were more than 500kb appart from each other. We found that only 

one Rhizobium pha6e.oll strains was symbiotically unstable among 

the sixteen strains isolated in Zacatepec, Morel0s and Oaxaca, 

Oaxaca (Table 1), this result shows that symbiotically unstable 



R. pha6eoli strains are not only found in Celaya, Guanajuato, 

but that their frequency is lower in other agricultural regions, 

so the instability of the symbiotic phenotype does not seem to 

be related to the lack of increase of bean yield when R.pha6eoli 

is inoculated into the soil. 

A similar molecular mechanism of the loss of the nodula

tion ability of Rhizobium pha6eoli is present in different 

strains. One of the symbiotically unstable R. pha6eoli strains 

(CFN23, Table 2) has been characterized at a molecular level 

(Sober6n-Chávez, 1986). In arder to determine if the other three 

symbiotically unstable R. pha6eoli strains (CFNl, CFN5 and CFN 

990, Table 2) loose their ability to nodulate beans by a similar 

mechanism to that of the deletion affecting the symbiotic plas

mid of CFN23 strain, the plasmid electrophoretic pattern and the 

restriction patter of the nitrogenase reductase genes (ni6~) of 

these strains were analized and compared with those of their 

non nodulating (Nod-) derivatives. We found (Fig. 1) that the 

plasmid electrophoretic pattern of the Nod- derivatives was 

identical to that the original strains, nevertheless a deletion 

of the symbiotic plasmid of all the ~od derivatives was 

apparent since the four strains loose the three ni6H copies; 

these results show that the high frequency of loss of the sym

biotic phenotype of R. pha6eoli strains is due to a similar 

molecular mechanisms to that reported for CFN23 strain. 
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The prevalence of a particular symbiotically unstable 

R. phaóeoli strains was discarded since the plasmid eletrophQ 

retic pattern of the strains was not the same, (Fig. l); only 

C F N 2 3 s t r a i n a n d C F N 5 s t r a i n ha v e t h e s ame p l a s m i d e l e e t r o p h o·

r et i c profile and could be a prevalent strain in Celaya, Guana 

ju ato. 

The symbiotically unstable R. phaóeoli isolates contain 

a similar symbiotic plasmid. The nióH restriction pattern of 

the four symbiotically unstable strain is identical (Fig. 1), 

and is not the most common restriction pattern among the R. 

pha~eoli isolates (Martinez e~ al, 1985). We hybridize the 

plasmid electrophoretic pattern of the symbiotically unstable 

strains with nióH probe and found that the four contain a 400kb 

hybridizing plasmid (data not show). The identity of the nióH 

restriction pattern and that of the symbiotic plasmid molecular 

weight among the symbiotically unstable strains studied, suggest 

that these strains contain a similar symbiotic plasmid, even

though not all have the same geographical origin. 

To rule out the possibility that the nióH restriction 

pattern found in the symbiotically unstable strains was the 

most common pattern among our R. pha~eoli isolates, we analized 

five R. pha~eoli strains that do not loose their symbiotic 

phenotype at a high frequency, we found that only one of these 

stable strains (CFN410, Table 2), share the nióH restriction 



pattern of the symbiotically unstable R. pha~eoli isolates 

(Fig. 2). 

We were not able to show a correlation between the 

existance of symbiotically unstable R. pha~eoli strains and the 

inability of these bacteria to increase plant yield when used 

as inoculant in the field, but we are developing an experimental 

model to evaluate the importance of genetic rearrangements in 

the stablishment of the symbiosis between Rhi zobium pha~eol~ 

and common beans, studying these bacteria directly in soil, 

their natural habitat. 
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Table l. Frequency of symbiotically unstable R. pha~eoli 

strains in different Mexican agricultural regions 

Region Number of strains Number of unstable 
analized strains 

Celaya, Guanajuato 6 3 

Zacatepec, Morelos 12 1 

Oaxaca, Oaxaca 4 o 

T o t a 1 22 4 
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Table 2. Rhizobium pha¿~oli strains further analized. 

Strain Relevant characteristic Please of Isolation : 

CFNl looses its ability to nodulate frequently Celaya, Guanajuato 

CFN5 1 ooses its ability to nodulate frequently Ce laya, Guanajuato 

CFN23 loóses i ts abi l ity to nodulate frequently Ce laya, Guanajua to 

CFN990 looses its abil ity to nodulate frequently Zacatepec, Morelos 

CFN42 i ts abil ity to nodulate is stably mantained Celaya, Guanajuato 

CFN410 i ts abi l ity to nodulate is stable mantained Za ca tepe e, More los 

CFN840 i ts abil ity to nodulate is stable mantained Zacatepec, Morelos 

CFN935 its ability to nodulate is s tab 1 e manta i ned Oaxaca, Oaxaca 

CFN942 i ts abil i ty to nodulate is stable mantained Oaxaca, Oaxaca 
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FIGURE LEGENDS 

Figure l. (A) Plasmid eletrophoretic pattern on 0.7% agarose 

. gels stained with ethidium bromide and (B) ni6H 

hybridization of total cellular DNA diggested with 

BamHI endonuclease of symbiotically unstable R. 

pha-0eoli isolates and their non nodulating deriva

tives (Nod-), Lanes correspond to the following 

strains: 1) CFN23 2) CFN23 Nod- 3) CFNl 4) CFNl 

Nod- 5) CFN990 6) CFN990 Nod- 7) CFN5 8) CFN5 

Nod Numbers correspond to molecular weight of DNA 

sequences in kilobases (kb). 

Figure 2. n~6H hybridization of total cellular DNA digested 

with BamHI endonuclease of R. pha-0eoli strains 

which stably manta in their symbiotic phenotype. 

Lanes correspond to the following strains 1) CFN410 

2) CFN42 3) CFN840 4) CFN932 . 5) CFN942. Numbers 

correspond to molecular weights of the hybridizing 

DNA sequences in kilobases (kb). 
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Different structural changes of the Sym plasmid were found in a Rhizobium phaseoli strain that loses its 
symbiotic phenotype at a high frequency. These rearrangements affected both nif genes and Tn5 mob insertions 
in the plasmid, and in sorne cases they modified the expression of the bacterium's nodulation ability. One of the 
rearrangements was more frequent in heat-treated cells , but was also found under standard culture conditions; 
other structural changes appeared to be related to the conjuga! transfer of the plasmid. 

The genus Rhizob i11111 comprises the gram-negative bacte
ri a that form nodules on legum es. In thi s association , the 
bac teria fix atmospheric nitrogen that is then ass imilated by 
the plant. 

The genetic information controlling symbiotic ac tivit y in 
the fast-growing rhizobia is encoded in plasmids (10, 11, 13 , 
19). A symbiotic (Sym) plas mid has been defin ed as one tha t 
dete rmines the plant species specificit y for nodulation and 
contains the nitroge nase enzyme structura l ge nes (nif genes) 
(12). 

Plasmid s pa rticipate very frequentl y in recombination 
events (14, 20). It has been proposed (27) that thi s plasticit y 
enables the bacteria that ha rbor pl asmids to adapt to dif
ferent environmental changes and permit s the rapid spread 
of newly created function s among very diverse bacteria. 
There is one report (24) of a change in the structure of a 
pl as mid that resulted in modified metabolic act ivity in th e 
recipient bacte ria . This strongly suggests th at pl asmid plas
ticit y is importan! in th e generation of new function s in 
bacteria. 

In Rhizobium phaseoli , th e nitrogen fi xation gene se
quences are re iterated (25). In strain CFN42, there are three 
regions of th e Sym plasmid that conta in nitrogenase struc
tural genes (nif regions) (22). These three regions contain the 
nitrogenase reductase gene (n if l-1); the nucleotid e sequence 
of the three copies is identical (26). In addition , two of the 
regions contain a lso nifD and nifK genes. The identit y of the 
nifl-1 genes suggests that a recombination event could be 
involved in the ge neration or maintenance of their reite ra
tion. Reiterated sequences a re not common in bacteria , but 
they ha ve been found in so rne strains of R . phaseoli , 
Rhiw bium trifo /ii , and Rhizobium japonicum (2) and also 
Streptomyces sp . (21), Halobacteri11111 halobium (29) , and 
Pseudom onas syringae p. v. " phaseolico/a" (32). The pres
en ce of these reiterations may be related to the instabilit y 
and ge netic rearrangements of these organisms (1, 6 , 23) . 

We have found that symbiotically un stable isolates are 
very common among the R . phaseoli strains isola ted in 
different regions of Mexico , and ali have reiterated nifl-1 
genes (L. Castrejón and G. Soberón , manusc ript in prepara
tion) . We suppose that the symbiotic instability of these R . 
phaseoli strains is due to genetic rea rrange ment s caused by 
th e presence ofreiterated sequences. We report here that the 
loss of the symbiotic phenotype of an unstable R. phaseoli 
strain is due to changes in the structure of it s Sym plasmid , 
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and that thi s Sym plas mid can be involved in different 
rearrange ment s which modify the information it carries. 

MATERIALS AND METHODS 

Bacteria! strains and plasmids. The bacteria! strains and 
pl asmids used in thi s work are shown in Table l. The 
important characteristics of the ir isolation are described 
below. 

Growth conditions. PY medium (18) was used to grow R . 
phaseoli stra in s, unle ss oth erwise stated . Agrobacteri11111 
t11111efaciens and Escherichia coli strains were grown in LB 
medium (17). Both R. phaseoli and A. tum efaciens strains 
we re grown at 30ºC, and E. coli strain s were grow n a t 37ºC. 
The antibiotic concentra tions used were as foll ows: 
cloramphenicol, 30 µg/ml ; e rythromycin , 50 µg/ml ; ge ntami
cin , 40 µg/ml ; kanamycin , 60 µg/ml ; ri fa mpin , 30 µg/ml ; 
spectinom yc in , 100 µg /ml ; streptomycin , 200 µg/ml ; and 
tetracycline, 10 µg /ml. 

Construction of pLSlSl. Plasmid pLS151 is a intermediary 
vector derived from plasmid pSUP205 (31) carrying Sp'. 
pLS151 was constructed by inserting a BamHI fragment 
confe rring resistance to spectinom ycin from plasmid R702 
(15) into the BgllI site of the nifl-1 coding frame from R . 
phaseoli in plas mid pEM15 (E. Morett , ma nuscript in prep
aration) ; pEM15 carries a 4.9-kilobase (kb) EcoRI fragment 
compri sing most of R . phaseoli CFN42 nijl-1 region a (25 , 26) 
subcloned in the EcoRI site of pSUP205 . Quinto et al. (26) 
described the use of inte rmediary vectors similar to pLS151 
to obta in interrupted nifl-1 genes . 

Construction of strain CFN2414. Strain CFN2414 was 
constructed by mobili zation of pl as mid pLS151 in a 
triparental mating with strain C FN2314 (Table 1) by using 
plas mid pRK2013 (8) as a helper plas mid ; kanamycin- and 
spectinomycin-res istant transconjugants were isolated and 
scored for tetracycline sensitivity. Since the origin of repli
cation of plas mid pSUP205 is not functi onal in R . phaseoli , 
the kanamycin -, spectinomycin-, and tetracycline-resistant 
transconjugants have the pLS151 plasmid cointegrated by a 
single recombination event with one of the nif" regions in the 
CFN2314 Sym plasmid, whereas the transconjugants that 
are tetracycline susceptible have one of the wild-type n(f 
regions in the CFN2314 Sym plas mid substituted by the 
mutated fragment in pLS151 in a double recombination 
event. 

One such tetracycline-susceptible transconjugant was fur
ther analyzed in Southern blot hybridization ex periments of 
total DN A digested with Bam HI versus an nifH specific 
probe and found to have the spectinomycin resistance DNA 
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TABLE l. Bacteria! strains and pl asmids 

Strain s o r pl as mid Relevant cha racte ri stics11 So urce o r refe re nce 

Ba¡;:.teria 
R. "f;haseoli CFN23 
R. phaseoli CFN2370h 
R. phaseoli CFN2315b 
R. phaseoli CFN2350b 
R. phaseoli CFN2314b 
R. phaseo/i CFN2414h 
R. phaseoli CFN2340b 

Nod + nifH+ 
Nod - !::;,nifH Str' 
Nod + niJH + Rif Km' 
Nod - !::;,nifH Rir Km' 
Nod + nifH + Rif. Km' 
Nod + nifH+ Rif Km' Sp' 
Nod - 1::;,nifH Rif Km' Sp' 

Field isolate from Mexico 
Thi s work 
Thi s work 
This work 
This work 
This work 
This work 

A. tumefa ciens GMl9023 
A. tumefa ciens CFN2302" 
A. tumefa ciens CFN2303" 
A. tumefa ciens CFN2304" 
A. tumefa ciens C58Cl 

Yir- (without plasmids) Str" Rif 
Nod T ni[H + Rif Str' Km' 

(28) 
This work 
This work 
This work 
(5) 

Nod - nifH+ Rif Str' Km' 
Nod + nifH + Rir Str' Km' 
Yir- Ery' Cam' 

E. co/i HB101 recA hsdR hsdM (3) 

Plasmids 
pLS15ld 
pRK2013 
pSUP5011 
pJB3Jl 

Vector for nijH sequences; carries Sp" This work 
(8) Tra + Km' (not transposable); unable to replicate in rhizobia 

pBR325::Tn5 mob Km' Ap" Cm' (30) 
Tra + Te' Gm'· Km' (4) 

" Abbrev iatio ns used: Nod , abilit y to nodulate bean s ; Yir , tumor-forming ab ilit y; Tra , conjuga! transfer abilit y ; mob, gene encoding the ability to be mobili zed 
by some transferable plasmids; nifH , nitrogenase reduc ta se gene. Res istance s to rifampin (Rif') , kanamycin (Km') . e rythrom ycin (Ery'·), cloramphe nicol (Ca m'), 
tetracycline (Te') , gentamicin (Gm'), and spectinomycin (Sp') and susce ptibilit y to kanam yc in (Km' ) and spectinomycin (Sp' ) are indicated. recA mut a nt s a re 
unable to recombine ; hrdR and hsdM mutant s are unable to modify or restric t DNA. 

b Deri vati ves of CFN23 , described in the text. 
" GMI9023 tran sconjugant s in matings with C FN 23 deri vatives , desc ribed in the text. 
d The construction of thi s plasmid is described in Materia ls and Methods. 

inserted in the 9.8-kb BamHI fragment that carries one of the 
nijH genes . This strain was called CFN2414 (see Results). 

Heat treatment. R. phaseo/i strains were heated by a 
modification of the procedure described by Zurkowski (33) 
to cure R. trij'olii plasmids. A fresh culture of the bacteria 
was streaked in YM medium (33) and incubated for 5 days at 
37ºC. Single colonies were isolated at 30ºC and tested for 
nodulation or antibiotic resistance. To determine the fre
quency of nonnodulating derivatives , 50 colonies were inde
pendently tested on bean plants ; to test antibiotic suscepti
bility , 100 colonies were replicated onto agar plates with and 
without the antibiotic. 

Matings. Matings were done as described by Quinto et al. 
(26). Tn5 mob insertions were isolated from a triparental 
mating between HB10l(pRK2013) , HB10l(pSUP5011) , and 
CFN23 Rif (Table 1) . 

The mobilizqtion of the Tn5 mob insertions in the Sym 
plasmid ·was QpHe by using HB10l(pJB3JI) (Table 1) as a 
helper plasmid' dr with HB10l(pRK2013) (Table 1) in a 
triparental cross. In the matings where Nod + transconju
gants were infrequent, the nodulation of beans was used for 
selection ; transconjugants were purified from nodules and 
tested again for their nodulation ability . When pJB3JI was 
used to mobilize plasmids marked with Tn5 mob , tetracy
cline-susceptible transconjugants were isolated to avoid the 
inheritance of the helper plasmid. 

The frequency of CFN23 Sym plasmid transfer is about 
10- 6 per donor cell , but when the Sym plasmid Tn5 mob 
insertions were mobilized by pJB3JI or pRK2013 (Table 1) , 
the frequency of kanamycin-resistant transconjugant s was 
ab~ 10- 4 per donor cell. 

Isolation and manipulation of DNA. Isolation of DNA, 
radioactive labding, and Southern blot hybridization were 
carried out as reported by Quinto et al. (25). nijH and Tn5 
probes were those described previously (26) . None of these 
probes hybridized with the total DNA of A . tum efa ciens 
GMI9023 (Tabl1~ 1). 

Plasmid visualization. Plasmid visualization was done by 
the Eckhardt (7) procedure. The Sym plasmid was purified 
from strain CFN2302 (Table 1) by the Hirsch et al. (9) 
procedure and banded in a CsCI gradient containing 
ethidium bromide . The plasmid molecular weight was calcu
lated from the comparison with R . phaseoli CFN42 plasmids 
run in the same agarose gel. 

Nodulation. Conditions for nodulation of beans were as 
reported by Martínez et al. (16) . 

RESULTS 

lnstability of the symbiotic properties of R. phaseoli CFN23. 
R. phaseo/i strains isolated in different regions of Mexico 
frequently lose their symbiotic phenotype at a high fre
quency after they are incubated at 37ºC , a treatment that has 
been used to cure Rhizabium sp. plasmids (33) . One of these 
strains, CFN23 , was studied in detail in this work. 

Strain CFN23 lost its symbiotic phenotype at a frequency 
of 62% after growth at 37ºC for 5 days (Table 2). We asked 
whether the loss of the nodule-forming ability correlated 
with a loss of the symbiotic (Sym) plasmid , but the plasmid 
electrophoretic pattern of strain CFN23 was identical to the 
pattern of severa! of its nonnodulating (Nod - ) derivatives 

TABLE 2. Percentage of loss by heat treatment" 

St rain 

CFN23 
CFN2315 
CFN2314 
CFN2414 

Km' 

76 
< l 
< l 

% of strain s with indicated phenot ype 

Sp' 

50 

62 
NTb 
74 

NTb 

" Growth on petri dishes for 5 da ys a t 37ºC. See footn o te a of Table 1 for 
abbrevi at ions. 

• NT. Not determined direc tl y. but all the a ntibiotic -susceptible deri vatives 
te sted were Nod - and lac ked the three nifH copie s . 
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A B 
2 Kb 2 K b 

.J >4!SO - -400 ., 400 - 1315 

FIG. l. (A) Plasmid e lectrophoreti c pattern of wild-type and 
cured strains on 0.7% agarose ge ls stained wi th e thidium bromide 
and (B) hybridi zation of this plasmid profile with the 0.9-kb nifH 
probe. Lanes: 1, CFN23; 2, CFN2370. Numbers correspond to 
molecular sizes of plasmid s in kb. ch , Chromosorna l DNA. 

(data not shown). Neverthe less, the loss of the nifH genes in 
a li Nod - deriva tives tested was demonst rated by DNA 
hybridi zation. An example of thi s is shown in Fig . 1, which 
shows the plas mid electrophoretic pattern a nd the abse nce 
of the nifH homologous sequences in the CF N23 Nod 
derivat ive s CFN2370 (Table 1). 

Deletion ofthe Sym plasmid in the CFN23 Nod- derivatives . 
W e could not de tec t any change in the mo lecular weight of 
the CFN23 Sym plasmid when the three nifH genes were lost 
(Fig. 1). A deletion of up to 50 kb would not be see n in a 
400-kb plasmid , so we looked for the prese nce of the 
rep li can by using the whole Sym plasmid as a probe in 
hybridization experiments with the p lasmid profile s of 
strain s CFN23 a nd CFN2370 a nd in Southern blot experi
ments . We found that strain CFN2370 conserved a plasmid 
homologous to the CFN23 Sym plasmid (data not shown). 

A Tn5 mob in se rt ion in th e CFN23 Sym plasmid was 
isolated; the CFN23 derivative with th is insertion is called 
CFN23 15. The Sym p lasmid loca tion of thi s Tn5 mob 
in se rt ion is shown in Fig. 2 , lanes 2. The frequ e nc y ofloss of 
th e kanam yc in re s istance of CFN23 15 was determ ined after 
heat treatment , a nd a frequ e nc y of kanam yc in- suscept ible 
derivatives s imi lar to tha t of lo ss of nodulation capacity in 
CFN23 was found (Tab le 2). In Fig. 2 , lanes 4 , the relevant 
characteristics of one of these kanam yc in-susce ptible deriv
atives (CFN2350 , Table 1) are show n. By the criteria used , 
CFN2350 is identical to CFN2370 (Fig. 1, lanes 2). The 
frequency of ka na mycin- susce ptible derivatives of CFN2315 
whe n grown at 30ºC was 1% ; thi s is a much lower va lue than 
a t 37ºC (Tab le 2) but sufficient ly high to become a problem if 
CFN23 is u sed as a n inocula nt in the fie ld. 

When the plas mid marked with Tn5 mob in CFN2315 was 
mobilized to a p las midles s A. 111mefaciens stra in (GMI9023, 
Tab le 1) , the tra nsco njugant s gained the abilit y to nodu late 
bea ns. The nodules made by th ese transconjugants were 
s im il ar to those made by CFN 2315 . Leghemoglobi n was 
prese nt in both instances (data not shown) . One of the se 
transconjugants (CFN2302 , Table 1) was studi ed in deta il ; 
we found tha t it contains a s ingle p lasmid with the same 
mol ecula r weight as the CFN23 Sym plasmid , and that nifH 
and Tn5 probes gave the same hybridi zat ion pa ttern as 
CFN2315 DNA (Fig. 2 , lanes 2 and 3). 

lsolation of a stable Tn5 mob insertion in the CFN23 Sym 
plasmid. A sta ble Tn5 mob in se rtion in the Sym plas mid was 
isola ted in stra in CFN2314 (Table 2). We conc lude that 
the Tn5 mob inse rtion in CFN2314 was loca ted in the 
Sym plasmid, because both Tn5 a nd nifH probes hybrid ized 
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with the same plasmid band as in CFN2315 (Fig. 2, lanes 2 
and 5). 

To show th a t the Tn5 mob insertion in CFN2314 was 
indeed in the same plasmid as the nifH genes (i.e. , the Sym 
plasmid) , we determined the genetic li nkage of these se
quences. We constructed a derivative of CFN2314 , 

A · Plosmi d Eltctrophorttic Patttrn 

Kb 

>450 
....J 

400 
- 135 

- ch 

B Plasmid hybridization wlth !!!!.!:! probe 

2 4 5 6 7 

- 400 

C Total cellular ONA hybrldization wlth nlf H probe 

2 3 4 5 6 7 

....J 
13.5 - 9.8 .. - 5.6 .... -, 4.8 

O Plasmid hybrldization with tn 5 probe 

2 3 4 5 6 7 

- 400 

E Total cellular hybrldlzation with ~ probe 

2 3 4 5 6 

.. -
7 

.J 13 

, 8.6 

FIG. 2. Hybridization patterns of plasmid profiles and total cel
lular DNA digests of CFN23 and derivat ives: (A) plasmid e lectro
phoretic pattern s on 0.7% agarose gels , Southern blot hybridizat ion 
probed with nifH of (B) plasmid electrophoretic pa ttern s and (C) 
to tal ce ll ular DNA digested with BamHI , and Southern blot hybrid
iza tions probed with Tn5 of (O) plasmid electrophoretic patterns and 
(E) total cellular DNA diges ted with Eco RI. Lanes: 1, CFN23; 2, 
CFN2315 ; 3, CFN2302 ; 4, CFN2350 ; 5, CFN23 14; 6, CFN2414; 7, 
CFN2340 . Numbers correspond to molecula r sizes of DNA se
quences in kb. ch , Chromosomal DNA. 
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A 8 
2 3 Kb 2 3 Kb 

- >23.3 

i - 11 -8 .6 - 9.8 - 6.1 - ~.6 

• - 4.8 

FIG . 3. Southe rn blot hybrid ization of C FN2314 a nd stra ins 
showing 11i/H rearra ngement s . (A) 11ifH was used as th e probe, and 
DNA was digested wi th Ba111Hl: (13) DNA was diges ted with EcoRI 
a nd a Tn5 probe was used . Lane s : l. CFN23 14 ; 2. CFN2303; 3, 
CFN2304. Numbers corre spond to the sizes of the hybridi zing 
fragment s in kb. 

CFN2414 , in which spectin omyci n resistance de te rminant 
was recombined in one of the nifH ge nes (see Materials and 
Methods ; Fig . 2, lane 6), so the presence of this gene cou ld 
be followed by the antibi oti c resistance. Mating experiments 
were done by using CFN2370 as a rec ipient; th e frequency of 
tran s fe r of ka namyc in resistance from CFN2 315 a nd 
CFN2314 was abo ut 10 - 6

. The Sym plasmid locat ion of the 
Tn5 mob in serti o n in CFN2315 was s hown by th e 
contransfe r of the kanamycin re sis tanc e , nifH , and nodul e
forming abilit y when the plasmid was mob ili zed to A. 
tum efac iens GMI9023 (Fig. 2, Janes 3) . If the T n5 mob 
inse rtion in CFN2414 was not located in the Sym plasmid , 
th e n th e frequ ency of contra nsfer of kanamycin and 
spec tinom yc in resis tances in thi s strain should be of about 
io - 12

. Among th e CFN2370 transconjugants that inherited 
ka namyc in re s is ta nce from CFN2414 , 76% were a lso 
spectinomyc in res istan! ; therefore we co nclude that both 
markers a re in the same plas mid. 

The spec tin omyc in resistance of CFN2414 was unstab le 
after heat trea tment even though the kanamycin res istance 
was not (Table 2) . In F ig. 2, lanes 7, we show the charac
te ri stic s of one of the CFN2414 spectinomycin-susceptible 
derivatives (CFN2340, Table 1) . T hi s stra in is similar to 
CFN 2370 and CFN2350 but re ta ins the Tn5 m ob insertion in 
the same position as in CFN2314. 

Rearrangements of CFN23 Sym plasmid that affect nifH 
position. The nifH and Tn5 mob positions in th e A . 
tum efaciens transconjugant CFN2302 are th e same as in the 
pa re n! R. plwseoli strain , CFN2315 (Fig. 2, Janes 2 and 3) , 
and both stra ins are ab le to nodula te beans. When the Sym 
plasmid was mobili zed from CFN2314 to A. t11mefaciens 
GM l9023 , the ability to nod ul ate beans was not inhe rited by 
20 inde pend ent tran sco njugants tested in plants. Total DN A 
from one of these transconj ugant s (CFN2303) was hybrid
ized with nifH and Tn5 probes , and a new structure of the 
Sym plasmid was fo und in whi ch the position of the 11ifH 
ge nes and Tn5 was alte red (Fig . 3, lanes 2). 

CFN2303 was unab le to nod ul ate beans, even though it 
co nta ins at least part of the Sym plasmid as judged by the 
presence of nifH and Tn5 mob. We decided to mob ili ze the 
CFN2303 plasmid to other genetic backgrounds to determine 
whethe r the nod ul at ion ab ilit y might be regained. Unexpect
edl y, we found that the nodu la tion abi lity could be regai ned 
when CFN2303 was used as do nor in mat ing ex pe riments , 
although no tra nsfer of ge neti c mate rial was de tected . Both 
CFN 2303 and A. t11111efa ciens CSSCl are Nod - (Tab le l) ; a 
mixture of these bacteria was u sed to inoculate beans and to 
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iso late an Nod + transconjugant ; nodule s were fo und , but the 
bacteria iso lated from these nodul es had the ge net ic mark ers 
of stra in CFN2303 and not th ose of C58Cl. Tota l DNA 
isolated from one of CFN2303 Nod + derivatives (CFN2304, 
Tab le 1) was digested and hybrid ized wi th the nifH and T n5 
probes; th e hybrid izati on pattern was different from tha t of 
CFN2303 (Fig. 3, Janes 3). Ano ther independent CFN2303 
Nod " derivative showed the same n if H structu re as 
CFN2304 (data no t shown) . 

DISCUSSION 

We ha ve icl entifi ed th e Sym plasmid of R . p lwseoli CFN23 
and shown that it contains the informati o n th at enables a 
plasmid less A. tumefacie11s stra in to form nod ul es in asso
cia ti on with beans. 

This Sym plas micl participates in recombinat ion event s 
which give ri se to different mo lec ula r st ru c tures. T he 
changes in structure modify the sy mbi otic phenotype of th e 
bacteria. This high frequen cy of ge netic rearrangements th at 
affec t the sy mbiotic informati on of R. plwseoli could make 
thi s bacte ria a very adaptab le symbiont. 

We found that th e most fre qu ent ge net ic rearrangement is 
represented by the Nod - clerivatives of C FN 23 . In th ese 
derivatives the three nifH ge nes are lo st , but the Sym 
plasmid is not segregated , a ncl the molecular weight of the 
plasmicl is not appreciably affected (Fig . 1 a ncl 2) . These data 
cou lcl be expla inecl as resulting from a sma ll del e tion wh ich 
was not cletected in the plasmid profile. Neverthe less , th ere 
is ev ide nce in a no ther R. plwseoli stra in (CFN42) that the 
three 11(/"regions present in the CFN42 Sym plasmid are not 
closely linked . and a deletion that would remove a li th e 
nitrogenase struc tura l ge nes represents a loss of approx i
matel y 120 kb of DN A (R . Palacios , personal communi ca
ti on). We have ev idence th at th e Nocl - cl e riv ati ves ofCFN23 
ha ve not onl y nifH but a lso a li of th e stru ctural ge nes of th e 
nitroge nase; if the CFN42 Sym plasmid struc ture is con
se rved in CFN23, th e most frequent rea rrange me nt fo und in 
this molecule woulcl require a large deletion of th e plasmid 
and th e substitution for thi s DNA by o ther DNA sequ ences 
so tha t the molec ul ar we ight of the plasmid co ulcl be co n
served. We are ca rrying o ut ex periment s to test thi s hypo
thesis of de letion and substitutio n of DNA. 

The diffe rent frequ ences at which kana mycin res ista nce 
was lost in s train s CFN23 15 and CFN2314 (Table 2) reft ec ts 
th e frequency at wh ich the site of insertion of th e trans poson 
in each stra in parti c ipate s in the Sym plasmicl rea rrange ment 
described above, i. e. , th e Tn5 mob inse rt in CFN2315 was 
cle leted when ni/H genes were lost. but the o ne in CFN 2314 
was conserved in the de let ed Sym plas mid . 

The Sym plasmicl stru cture in s tra in CFN2303 represents 
another ge netic rearrangement. In this molecule , th e posi
ti ons of the nifH ge nes and of the T n5 mob in serti on a re 
different from those in the plas mid of the parent strain 
CFN2314 , a lthough thi s alteration can not be exp lain ecl by a 
single recombina tion eve nt . lt might be the procluct of 
multiple even ts whic h generate unsta ble inte rm edia tes . We 
do not know whether th e CFN2303 S ym plasmicl s tructure is 
formecl cluring the co njuga! transfer of thi s plasmid or 
whethe r it represent s a sma ll proportion of the plasmids 
present in ihe CFN2314 population that are more frequent ly 
transferrecl. Ifthe second possibility is true we wi ll be able to 
iso late a CFN2314 derivative that would be Nocl - and retain 
th e nifH ge nes . The Sym plasmid stru cture in CFN2303 
co uld be al so a product of rearrangements in A. t11111 efac ie 11 .1. 
We are now looking fo r it s prese nce in different rhi zobia l 
bac kground s . 
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The bacteria harboring the CFN2303 plasmid are unable to 
nodulate beans , but Nod + derivati ves can be isolated in 
which the position of the nifH genes is altered (s train 
CFN2304 , Fig. 3). This suggests that the Sym plasmid 
structure of strain CFN2303 <loes not allow the expression of 
the nodulation genes, although thi s information is present in 
the plasmid. The Nod + derivatives of strain CFN2303 could 
only be obtained when this strain was used as donor in a 
genetic cross , even though no transfer of genetic information 
was detected. 

Ali of the rearranged Sym plasmid derivatives that hybrid
ize with the nifH probe ha ve more than one copy of thi s gene 
(CFN2303 and CFN2304, Fig. 3), and we found that the 
different arrangements of thi s gene are very similar to those 
present among wild-type R . phaseoli isolates (16) . We con
clude from these data that the nifH reiteration is a charac
teristic of R. phaseoli Sym plasmids and that the Sym 
plasmid rearrangements found under laboratory conditions 
also happen in nature. 
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ABSTRACT 

A hybrid Rh.lzob.lum pha.~e.ol.l' symbiotic plasmid was detec

ted; this plasmid, pSym2342, i's the product of the recombination 
. . 

between parts of the symbiotic plasmid of two tndependent R. 

pha.4e.ol.l strains (CFN42 and CFN23 strains). The . genetic informa .. 

tion from CFN4~ strain was part of an R1 (pRSlO}. The hybrid 

symbiotic plasmid (pSym2342) can be transfe·red. to AgJtoba.c.,t.eAium 

,t.ume.6a.c.ien4 and confers the ability· to nodulate bearis. We detec~ 

ted the formation of another symbiotic plasmid (pSym4215) by the 
\ 

recombination between pRSlO and an ·R. ~ha.4e.oll CFN42 ind~genous 

plasmid (p42e); plasmid p42e was thought to be unrelated to the 

CFN42 symbiotic plasmid. The newly formed symbi·ottc plasmid 

(pSym4215) is very similar to the hy-brid plasmi'd pSyrn2342, These 

data are discussed with regard to the stabtltty of Rhlzo6lum 

pha4eoli syrnbiotic fnformation. 
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INTRODUCTION 

~he Rhizubium species comprises the gram negative soil 

bacteria that nodulate legume roots and fix nitrogen in these 

nodules, which is then assimilated by the plant. 

The genetic information for the symbiotic functions of 

fast growing Rhizobia is plasmid encoded (6, 8, 9, 14); the 

plasmid that carries the plant species specificity for nod~ l a

tion and the structural genes of the nitrogenase enzyme (ni6 

genes) is called symbiotic plasmid (pSym) (7). 

Rhizobium pha-0eoli is a fa~t growing Rhizobium that has 

a peculiar genome, as it contains many reiterated DNA sequences 

(5). In sorne R. pha-0eoli strains, genetic rearrangements that 

modify its symbiotic phenotype have been found (20}, this gene

tic plasticity may be related to the presence of reiterate DNA 

sequences, as shown for Halobacte~ium hallobium (16} and St~epto

myce-0 species (1). 

The symbiotic information of different Rhizobium pha-0eoli 

strains can be arranged in different ways; sorne R. pha-0eoli 

strains loose their ability to nodulate beans at a high frequency 

due to a deletion affecting their pSym (20) where other strains 

contain symbiotic plasmid that are not deleted (Soberón-Chávez G. 

and Nájera R. manuscript submitted for publication). In strain 

CFN42 sorne genes involved in its nitrogen fixing ability are 
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encoded in p)asmids different from its pSym (12) whereas in CFN 

23 strain the DNA sequence homologous to one of these CFN42 

genes is contained in the symbiotic plasmid lsee RESULTS). 

The deletion affecting the pSym of CFN23 strain has 

been described, the deleted pSym lacks the three copies of the 

nitrogenase reductase gene (n~6HJ and the bacteria is no longer 

able to nodulate beans; the extent of this pSym deletion has 

been evaluated to at least a lOOkb of DNA, but paradoxically it 

cannot be detected by a change in the molecular weight of the 

plasmid (20). 

To define the extent of genetic information necessary 

to complement the CFN23 pSym de1etion, we isolated a series of 

R's which complemented for bean nodulation and nitrogen fixation 

a strain carrying the CFN23 deleted symbiotic plasmid (~pSym23). 

We describe here the formation of two symbiotic plasmids 

by genetic recombination, these data are discuss with regard to 

the stability of R. pha~eol~ symbiotic information and its 

transfer between bacteria. 



MATERIALS and METHODS 

Bacterial strain and plasmids. The bactertal strains 

a n d p l as mi d s use d i n t h i s w o·r k ar e l i s te d i n Ta b l e 1 • 

Growth conditions PY medfum (13) was used to grow R. 

pha-0eoli strains, unless otherwise stated. A. tume6acien~ and 

E. coli strains were grown in LB medium (11). R. pha~eoli and 

A. tume6acien~ strains were grown at 30ºC and E. coli strains 

at 37ºC~ The antibiotic concentrations used were as follows: 

ampicillin 20µg/ml, gentamycin 40µg/ml, Kanamycin 60_µg/ml, 
' rifampicin 30µg/ml, streptomycin 200µg/ml and tetracycl ine 

lOµg/ml. 

Heat treatment R. pha-0eoli strains were heated by a 

modification of the proceedure described by Zurkowski (22) to 

cure R. t4i6olii plasmids. A fresh culture of the bacteria was 

s t re a k e d i n Y M me d i u m (. 21 ) a n.d i ne u b a te d. fo r 5 da y a t 3 7 º C , 

single colonies were isolated at 30ºC and tested for antibiotic 

resistance; 100 colonies were replicated onto agar plates with 

and without kanamycin or tetracycline. 

Constructfon of pSM204. Total DNA of strain CFN2013 

(12) was digested with the EcoRI endonuclease and ligated to the 

E e o R I s i te o f p B R 3 2 9 as des e r i be d by Qui n to et al (17 ) , t he 

recombinant plasmids were transformed in strain HB101 (Table 1); 

the kanamycin and ampicilin resistant and cloramphenicol 



sensitive tr~nsformants were selected, pSM204 plasmid is a 

recombinant plasmid thus selected which contains an insert of 

8.6kb (data not shown). 

Isolation and Manipulation of DNA. Isolation of DNA, 
!:> 

~ radioactive layeling and Southern blot hybridization were carried 

out as reported by Quinto et al (17) the ni6H probe was described 

previously (10). 

Plasmid visualization. Plasmid visualization was done 

by the procedure described by Eckhardt (4). 

Nodulation ·Assay. Bean nodulation was assay as described 

by Martínez e.tal (10).' 



RESULTS 

pRSlO Selection. The promiscuos plasmid pJB3JI (Table 1) 

was transfered to the R. pha~eoli strain CFN2201 (18) (Table 1); 

strain CFN2201 carries a Tn5 fragment inserted in one of the 

genes coding for the nftrogenase reductase (ni6Hl, so when the 

kanamycin resistance is transfered to other bacteria the transfer 

of the ni6H sequence is selected. Kanamycin and tetracycline 

resistant E. coli colonies were selected from a mating between 

strains CFN2201 (pJB3JI) and HBlOl (Table 1); the symbiotic 

plasmid of strain CFN2201 (pSym2201, Table 1) cannot be trans

fered to E. coli, so the resulting E. coli transconjugants 

contain the R. pha4eoli information forming part of an R'. These 

R's were transfered to R. pha~eoli strain CFN2370 (Table 1), which 

is a CFN23 derivative unable to nodulate beans due to a deletion 

of its pSyrn; the R. pha~eoli transconjugants were tested for bean 

nodulation. 

Plasrnid pRSlO is an R' thus selected that complernents 

strain CFN2370 (Table 1} for bean nodulation and nitrogen fixa

tion, this plasmid contains ~lOOkb of strain CFN2201 DNA (data 

not shown) in which the three ni6H copies are included (fig. 1). 

We determined that pRSlO did not contain all the sym

biotic information coded in pSym2201 plasmid by the independent 

transfer of both plasmids to an Ag~obacte~ium tume6acien~ plasmid-
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less strain (GMI9023, Tab.le 1}; GM19.023C_pSy:m2201Lnodulated 

beans but GMI9023(pRS10l dfd ncit. 

Formation of the hybrid synibiotic plasmid pSym2342. The 

symbiotic information of R. pha~eoli CFN23 strain is lost at a 

high frequency due to a deletion affecting {ts symbiotic plasmid 

which removes the three coptes of genes coding for the nitroge

nase (20); when Tn5 is inserted in certain regions of this 

plasmid, as it is in CFN2315 strain (Table 1), the kanamycin 

resistance is lost at a high frequency (Table 2) and the kana

mycin sensitive derivatives loose the ability to nodulate beans 

and lack nióH genes (20). 

The symbiotic information of R. pha~eoli strain CFN42 

is very stable, so a Tn5 inserted in its symbiotic plasmid is 

seldom lost, as shown in Table 2. pJB3JI plasm1d is very stable 

both in CFN23 and CFN42 backgrounds (Table 2). 

We determined the stability of plasmid pRSlO in strain 

CFN2370, and found that tetracycline resistance was stably 

mantained while kanamycin resistance was lost at a high frequency, 

(Table 2); these data suggest that plasmid pRSlO was being 

dissociated in strain CFN23 background. The plasmid electropho

retic profile of CFN2370 strain carrying pSRlO plasmid shows a 

plasmid of pJB3JI molecular weight (52kb) and one of pSym2201 

plasmid size (300Kb) but the intact pRSlO plasmid was not detected (Fig.2). 

Kanamycin sensitive and tetracycline resistant deriva-

L/ I 



tives of CF~2370 strain carrying pRSlO loase the plasmid of the 

pSym2210 size and conserve the pJB3JI plasmid band; .these deriva

tives are unable to nodulate beans and lack homology to the 

ni6H probe (data not shown). These data suggest that the CFN2201 

genetic information carried in pRSlO plasmid was included in the 

~Okb plasmid. We show that the 300kb plasmid was a symbiotjc pla~ 

mid by the following criteria: kanamycin resistance was trans

fered from CFN2370(pRS10) to strain GMI9023 (Table 1), which is 

a plasmidless Ag~obaete~ium tume6aeien~ strain, tetracycline 

sensitive A. tumeüaeien~ transconjugants were found, this trans

conjugants nodulate beans and contained a single plasmid of 300kb 

(Fig. 3). this hybrid plasmid with part of the CFN2201 informa

tion and part of the information of CFN2370 strain is called 

pSym2342. 

CFN2013 is a mutant strain derived from CFN42 strain 

with a reduced ability to fix nitrogen. The CFN2013 mutation is 

caused by a Tn5 insertion in the plasmid p42e, which is a 400kb 

CFN42 indigenous plasmid different from the CFN42 pSym{p42d) (12). 

The CFN2013 mutation was cloned (see MATERIALS and METHODS) and 

the recombinant plasmid carrying this mutation lpSM204) was used 

as probe to look for its presence in CFN23 strain: we found, that 

strain . CFN23 has homology with pSM204 and that the homologus 

sequence was carried in its pSym (Fig . 4). 

In arder to show that plasmid pSym2342 was derived from 



t h e d e 1 e te d · C F N 2 3 p 1 a s m i d , w e t r a n s fe red p S ym 2 3 4 2 to s t r a i n 

GMI9023 and determined that the homology with pSM204 was cotrans

fered (Fig. 5 lane 5}; plasmid pSym2201 does not share any homo

logy with pSM204 besides Tn5 {Fig . 5 lane 5). 

Formation of the symbiotic plasmid pSym4215. An R. pha.&eol.l 

CFN42 derivative cured of the entire syrnbiotic plasmid has been 

isolated {15); plasmid pRSlO was transfered from E. eoll strain 

HBlOl to this cured strain (CFN200l, Table 1), we found that 

pRSlO was also dissociated in CFM2001 background by the following 

criteria: kanamycin resistance is lost at a high frequency in 

CFN200l(pRS10), while tetracycline resistance is not (Table 2), 

and both the pJB3JI band and that of 300kb are apparent, (Fig. 3) 

the kanamycin sensitive derivatives loase the 300kb plasmid and 

conserve that of pJB3JI molecular weight (Fig. 3); kanamycin 

sensitive derivatives are unable to nodulate beans and lack 

homology with nl6H probe (data not shown). 

A new symbiotic plasmid (pSym4215) was identified by 

analizing the kanamycin resistant, tetracycline sensitive trans

conjugants from the mating between R. pha.&eoll CFN2001(pRS10) 

and GMI9023 A. ~ume6aelen-0 strain, these transconjugants can 

form nodules on beans and contain a single plasmid (Fig. 3). 

To determine if plasmid p42e was involved in the forma

tion of pSym4215 plasmid we looked for the homology of plasroid 

pSym4215 with plasmid pSM204 which was known to hybr~dize with 

plasmid p42e, we found that pSym4215 has homology with pSM204 

LJ 3 



besides th~ Tn5 hybridizing band {fig 5, lane 4). 

Plasmids pSym2201 and pSym.4215 have the same molecular 

weight, and share the symbiotic information carried in plasrnid 

pRSlO, b.ut the frequency of the kanamycin resi'stance loss in 

each plasmid is very different (Jable 2); plasmid pSym4215 is 

lost at a rate similar to that of deletion affecting the sym~ 

biotic plasmid of CFN23 strain. 



DISCUSSION 

We described the forrnation of two syrnbiotic plasrnids 

pSyrn2342 and pSym4215 by genetic recombination, the frequency 

o f forma ti o n o f t hes e p l as mi d s i s so h i g h t ha t i n a n R. p haf.i e.oü 

background we could not detected the presence of pRSlO, one of 

the plasmids participating in the symbiotic plasmids formation. 

The size of the DNA sequence necessary to complement 

strain CFN2370 far nodulation and nitrogen fixation is ~ lOOkb 

the size of the pSym2201 DNA carried in pRSlO, so we suppose 

that the deletion of CFN23 symbiotic plasmids about lOOkb . 

CFN42 symbiotic plasmid has lOOkb less DNA than CFN23 symbiotic 

plasmid; this differen t in size is conserved between pSym2342, 

and CFN23 symbiotic plasmid. The deletion affecting the CFN23 

s y m b i o t i c p l a s m i d c. o u l d b e o f ~ 2 O O k b i f t h e 1 O O k b o f " ex t r a " 

DNA in CFN23 symbiotic plasmid are located in the region of 

the plasmid where ni 6H genes are located . 

We elaborate a model to explain the loss of 200kb of 

DNA without a change in the molecular weight of CFN23 symbiotic 

pla smid, this rnodel is based in the recornbination of two copies 

of this plasmid (Fig. 6); the recombination of these plasmids 

could result in the formation of two plasrnids ; one plasmids would 

have two copies of the part of the Sym plasmid which includes 

ni6 genes and s orne nod genes, this plasmid should be unable to 



replicate in Rhizobium; and another plasmid with two origins 

of replication lacking ni6 genes and sorne nod genes; the 

molecular weight óf both plasmid resulting from the recombina

should be 400kb, the same molecular weight as the enttre Sym 

plasmid. We are now involved in the evaluation of this model 

by analysing the structures of dpSym23 plasmid. We ha~e isolated 

a CFN23 mutant with enhanced homologous genetic recombination; 

the symbiotic plasmid of this mutant is deleted more frequently 

than that of the wild type CFN23 strain (Soberón-Chávez G. and 

Nájera R. unpublished results) this suggest that recombination 

is indeed involverl in the deletion of this pSym. 

Plasmfds pSym2342 and pSym4215 are lost at a rate 

similar to the deletion affecting CFN23 symbiotic plasmids, the 

po si bility exists that a similar mechanism of deletion-substi

tution of DNA as shown in Fig. 6 is involved in the loss of 

these plasmids; the recombination of two pSym2342 molecules, · 

will result in the segregation of a 200kb plasmid carring the 

ni6 genes and the permanence of a plasmid identical to 6pSym23 

plasmid. We think that the high frequency in which the plasmids 

pSym2342 and pSym4215 are formed, their instability, and the 

involvement of 6pSym23 plasmid in the formation of plasmid pSym 

2315, are indirect evidences that support this model of plasmid 

recombination and segregation. 

CFN42 indigenous plasmi~ p42e is very similar to plasmid 



6pSym23 bot'h· ha ve the same molecular weight, are very stabl e 

(20, 5), contain ·homologous sequences (Fig. 5), andas shown 

here, both participate in the formation of a symbiotic plasmid. 

We think that CFN42 strain contains a deleted symbiotic plasmid 

which could be derived from an "unstable'' R. pha..6eo.t.l pSym, and, 

coexisting in the same cell, a different type of symbiotic 

plasmid that is not deleted at a significant rate. 

The only detectable difference between the strains CFN 

2201 and CFN200l(pSym4215) is the different stability of their 

symbiotic properties which may be due to the differences in 

their symbiotic plasmids. These strains are isogenic, with the 

exception of part the original CFN42 symbiotic plasmid, which 

is absent from CFN200l(pSym4215); from the comparison of these 

R. pha..6eoll strains we conclude that the stability of the sym

biotic phenotype of Rhizobium pha.6eoli is determined by the 

difference in the structure of the symbiotic plasmids and not 

from differences in the DNA metabolism of different R •. pha..6eoll 

strains. 

It is difficult to explain that . R. pha..6eoll strains 

which loase their ability to nodulate beans ata high frequency 

are isolated from bean nodules, the loss of the symbiotic infor

mation of these strains has to be compensated by a high f~equency 

of reincorporation of this information; our finding of the high 

frequency of formation of sym~iotic plasmids by recombination 



may refleci on the ability of the bacteria that contained ~ 

deleted symbiotic plasmid to reincorporate the information 

necessary to nodulate beans effectively. 

A necessary condition for the reincorporation of the 

symbiotic information by bacteria that once were R. pha~eoli, 

is that this information is transfered between bacteria in 

soil at a significant rate, this transfer has not been detec

ted in laboratory conditions, but we are now studying the 

transfer of the symbiotic information when R. pha6eoli is 

inoculated to soil. 
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Table l. Bacterial strains and plasmids, 

Strains or plasmids 

BACTERIA: 
R. pha..6 e.ol.i.. CFN23 
R. pha.1> e.ol.i.. CFN2315 
R. pha.1> e.ol.i.. CFN2370 
R. pha.1> e.ol.i.. CFN42 
R. pha.1> e.ol.i.. CFN2201 

R. pha.1> e.ol.i.. CFN2001 
R. pha..6 e.ol.i.. CFN2026 

A. tume.6a.c.,le.n6 GMI9023 

E. coli HB101 
'PLASMIDS: 

PJB3Jl 
pSym2201 

pR$10 
pSym23 
pSym2342 
p42e 
pSym4215 

pSM204 

Relevant characteristics~ 

Nod+rU.6+. Looses the ability to nodulate beans ata high frequency. 
Nod+rU.6+. Tn5mob inserted in the symbiotic plasmid. RifR KmR. Derivative of CFN23 strain. 
Nod-~n.i..6H. Contains a deleted symbiotic plasmid. StrR. Derivativ~ of CFN23 strain. 
Nod+ n.i..6H+. It's nodule forming ability is very stable. 
Nod+ n.i..6H+. Contains a Tn5 fragment inserted in one n.i..6H copy. StR KmR. Derivatives of 
CFN42 strain. 
Nod- n.i..6H-. Lacks the entire CFN42 symbiotic plasmid. RifR. Derivative of CFN42 strain. 
Mutant strain unable to fix nitrogen derived from CFN42 strain, mutation is caused by 
the insertion of Tn5 in p42e . KmR smR. 
Vir- (plasmid less). StR RifR. 

Je.e.e.A h.6dR luidM. StrR. 

Able to replicate in Rhizob,[a and EnteJt.obacte!Ua. TcR GmR Kms 

Symbiotic plasmid of CFN220~ strain, N~6H+, contains a Tn5 fragment inserted in one 
rú6H copy. KrnR. 
R' by cointegration of pJB3JI and part of pSym2201. n.i..6H+ TcR GmR KmR. 

Deleted symbiotic plasmid of CFN23 strain. ~rU.6H. 

Source of 
ref erence 

( 20 ) 

( 20 ) 
( 17 ) 
( 18 ) 

15 ) 
18 ) 

( 19 ) 

( 2 ) 

( 3 ) 
( 17 ) 

This work 
( 20 ) 

R. pha!>e.oLl symbiotic plasmid formed by recombination of ~ pSym23 and pRSlO rU.6H+ kmR. This work 
CFN42 strain indigenous plasmid. ( 12 ) 
R. pha.-0e.0Ll symbiotic plasmid formed by recombination of CFN42e indigenous plasmid and This work 
pRSlO. n.i..ótt+ KmR. R 
Re5ombinant pBR329, with a DNA inserted which includes CFN2026 (11) mutation Km ApR,TcR, This work 
Cm . · 

T 
~.('¡ 

a Abreviations used: Nod, ability to nodulate beans, Vir, tumor forming ability; mob DNA sequence which determines the ability 
to be mobilized by sorne transferable plasmids; rU.6H, nitrogenase reductase gene. Resistance to ampicilim (ApR) streptomycin 
(StrR), rifampicin (RifR), kanamycin (KmR), tetracycline (TcR) and gentamicin (GmR), and suceptibility to kanamycin (KmSl and 
cloramphenicol (Cm5) are indicated. Je.e.e.A mutants are unable to recombine, hJc.dR and h.6dM mutants are unable to modify or , 
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a Table 2. Percentage of loss by heat treatment-

Strain % of derivatives sensitive to; 

Km 

CFN2315 85 

CFN2370(pJB3JI) 

CFN2370 (pRSlO) 90 

CFN2201 <l 

CFN2001 ( pJB3J 1) 

CFN200l(pRS10) 77 

Te 

<1 

<l 

<l 

<l 

.! Growth on petri dish e,rvs. far 5 days at 37ºC. See foot note a of Table 1 

for abreviations. 

\.(") 

4:"l 
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· FIGURE LEGENDS 

Figure l. ni6H hybridization pattern of total cellular DNA 

digested . with BamHI endonuclease. Lanes correspond to the 

following strains 1) R. pha6eoli CFN2201 2) E. coli HBlOl{pRSlO) 

3) E. coli HBlOl. Numbers correspond to molecular weights of 

the DNA hybridizing fragments in kilobases (kb). 

Figure 2. Plasmid electrophoretic pattern on 0.7% agarose gels 

stained with ethidium bromide. Lane correspond to the following 

strains (1) CFN2201, (2) CFN2370 {3) CFN2370{pRS10) (4) CFN23. 

Numbers correspond to molecular weights of the plasmids in 

kiloba i es (kb). 

Figure 3. Plasmid electrophoretic pattern on 0.7% agarose stained 

with ethidium bromide. Lanes correspond to the following strains: 

(1) GMI9023(pSym2201) (2) GMI9023{pSym2342) (3) GMI9023{pSym 

4215) (4) CFN2001(pRS10) (5) CFN2001 {6) CFN2001(pRS10) 

kanmycin sensitive derivative . 

Figure 4. (A) Plasmid electrophoretic pattern on 0.7% agarose 

gels stained with ethidium bromide and (B) its hybridization 

with pSM204 as probe. (1) CFN42 strain (2) CFN23 strain . 



Figure 5. pSM204 hybrldization versus total cellular DNA diges

ted with BamHI endonuclease . Lanes correspond to the followirig 

strain (1) GMI9023 (2) CFN2201 (3) GMI9023{pSym2201} (4) 

GMI9023(pSym4215) (5) GMI9023(pSym2342). 

Figure 6 . Schematic representation of a model to explain the 

deletion affecting the symbiotic plasmid of strain CfN23, based 

in the recombination of two of these plasmids resulting in the 

loss of the symbiotic information without a change in the 

molecular weight of the plasmid. (B) Scheme of the model to 

explain the high frequency of loss of pSym2342 based on the 

recombination of two molecules ' of this symbiotic plasmid, 
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ABSTRACT 

Indfgenous soil bacterfa lacking symbiotic information 

were isolated; these bacterfa share sorne Rhlzoblum pha6eoll 

features, and can be complemented to form nitrogen fixing nodules 

in beans by an R. p~a~eolC symbiotfc plasmid; these indigenous 

soil bacteri'a contain glutami'ne synthetase II activity which is 

c~aracterfstfc of the RhCzobi4c~a. 



Rhizobium and A~robacterium are related soil bacteria that belong 

to the same taxonomical ·family, i.e. the Rhizobiaceae. The condi

t i o n s i n e · ~ no n fo r a b a c t e r i um to b e c 1 a s s i f i. e d a s · R h i z o b i u m , 

is its ability to far~ nitrogen fixing nodules in the roots of 

legumes. Among the genera Rhizobium the species are determined 

by the legume that the different bacteria are able to nodulate, 

far example the bacteria isolated from clover nodules are~ 

trifolii, those taken out from alfalfa riodules are R. meliloti 

and the ones isolated from bean nodu1es are R. phaseoli. 

Rhizobium classification does not necessarilly correlate with 

the taxonomic relationships of these bacteria, for example 

Rhizobium phaseoli is a very heterogenic group as judged by the 

diversity of their protein profilesd~ and B..tiizobium japonicum 

englobes very diverse bacteria. that can share very little total 

DNA homology1 {b). 

The diversity among the Rhizobium species that are fast growers ~ 

can be explained because in these bacteria the specificity for 

nodule formation and the genes involved in the nitrogen ftxation 

p ro c es s C!!.if. g e n e s ) a re p l a s m i d. e n c o d e di;/ ' 1 O ' 16 ' 1 e~ T h i s b e i n g 

the case here, fast growing Rhizobium species are classified by 

a plasmid coded phenotyp¡z~ The bacteria that does not contain 

the plasmid that codes for the symbiotic functions (Sym plasmid) 

cannot be .; ncluded in the taxonomic classification. 
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The study of the pre-Rhizobium, that is to say, the · 

bacteria with Rhizobium type characteristics, but that do not 

contain the Sym plasmid, would be very helpfull to the study of 

Rhizo6ium biology. The life cycle of these bacteria in sofl, the 

influence of different plants on its growth, the frequency of 

symbiotic information transfer, the effect which this information 

has on the bacteria-plant interaction and their relation with 

other soil inhabitants, are sorne of the important questions that 

can be studied using a pre-Rhizobium strain. On the other hand, 

tfie molecular genetfc studies of the symbiotic process could be 

much clearer ;·n a defined genetic background in which the 

symbiotic informatfon can .be transfered and expressed. 

S pe e i f i e n o d u 1 a t i o n h a s b e e n e o m p 1 eme n te d i: n .A9JL0 ba.cteJLlum 

tume6a.cienh genetic background by several Sym plasmfds, but in no 

case were the nodules able to fix nitrogen (8, 9, 11, 23). 

We described here the isolation of fndigenous sofl 

hacte.ria wi ch coul d be cons.'iderer as pre-·Rhi;zoliium pha.-0·eoli strai:ns 

fiased on sorne of the cammon features that these bacteria share 

wfth Rhi;zo6ium pha~eoli; strains and tn thefr abtltty to ftx 

nttroge.n fn assocfation wi.th. beans. wh.en they i.nh.e.rtt an R. pha.-0e.o.f.,¿ 

symbtotfc plasm'id. 
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Nalidixic acid resistant bacteria were fsolated from 

bean rhizosphere soil; this resistance marker was chosen because 

all our Rhlzoblum pha4eoll strains (more than a hundred and 

fifty) are naturally resistant · to high levels (80µg/ml} of 

nalidixic acid. Bean rhizosphere soil was used because the 

growth of bacteria appart from the specific Rhlzoblum is known 

to be stfmulated in the legumes r~izosphere (14, 20). 

The bacteria able to grow in Luria Broth (13) were 

discarded, as the inability to grow in this mediu~ is another 

general feature of R. pha8eoll strains. Bacteria were then 

streaked fn Yeast Mannttol medium l24)> and those that made 

gummy colonies fn three to four days at 30°C and did not grow 

at 37°C w~re selected. To be able to further mantpulate these 

bacteria, we obtafned spontaneous streptomy~tn t200µg/ml) 

resfstant mutants and discarded all those who w~re naturally 

reststant to kanamycin t60µg/mll. 

/ Át thfs stage ~e checled that all the stratns were unable 

to nodulate beans· (.12) and lacked total DNA h.omology with Rhlzob.lu.m 

p lia.6 e o l.<: n i t roge nas e red u et as e gen e (.n,t· 6 l:f). (.1 9 ) • 

A Rhlzoblum pha4eoll Sym plasmid, that of strafn CFN2315 

(22)., was· transfered to the soil bacteria th.us selected, and th.e 

transconjugants were tested for th.eir ab.ility to nodulate b.eans· 

and to ffx nftrogen fn t~is assocfation, we found that two strains 

65 
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CFN2500 and CFN4400 (Table 1) were able to form nitrogen fixing 

nodules when they inherit CFN2315 Sym plasmfd (CFN2515 and 

CFN4415 Table 1), the inability of CFN2500 and CFN4400 to grow 

i·n LB medium is shown in Table l. 

We compared the nitrogen fixing abflity of CFN2515 and 

CFN4415 with that of CFN2302 (22), which is an A94obacte4lum 

strain that contains CFN2315 Sym plasmid (Table 1), and we were 

able to show that the Rhlzoblum pha~eoll ltke bacteria, CFN2515 

and CFN4415, present nodules with levels of nttrogenase activity 

wftfch are similar to those made by a true Rhlzoblum pha~eoli 

stratn lCFN2315), while the nodules made by CFN2302 presented a 

much lower nitrogenase activity meassured by the acetylene 

red u et fon as s: a y· (_3 O } o f w h o 1 e be a n ro o t s (_Ta b 1 e 1 ) .. 

The presence of two glutamine synthetase isozymes is 

characteristic of the Rhizoblacea (4), one of these two enzymes 

glutamine synthetase II is particular to this family. We show 

that both CFN2500 and CFN4400 present glutamine synthetase II 

actfvity at similar levels to those found in the CFN2315 and 

CFN2302 strains (Table 1). 3-ketolactose productfon is charac

teristic of the genera Ag4obacte4lum (3). CFN2500 and CFN4400 as 

well as Rhizoblum pha4eoll CFN2315 lack-3-ketolactase activity 

(.Table 1). 

CFN250.0 and C'FN4400 are di.fferent b.acte.rta as· evtde.nce 

6ó 
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by their différent duplication time both in rich PY medium (.15) 

and in minimal Y medium (1) (Table 1), and their different 

plasmid electrophoretic pattern (5) (Fig. l); both isolates 

present a high molecular weight plasmid whose functfons is unknow, 

roany Rhizobium isolates present high molecular weight plasmids 

dffferent from th.e symbi.otfc pl as.roi.d (.16).. 

Thus we have described th.e is·olation of s·otl ó.acteri.a 

that can· be complementat~d for bean nodulatton and nttrogen fixa

tton ability by a RhLzobium pha~eoli Sym plasmtd. The use of 

symhfotfc plasmids· · from dtfferent RhLzóbium spectes to complement 

e.ffectfve nodulati:on of CFN2500 and CFN4400 wtll s·how h.ow tight 

i.'s· the relati:on lie.tween th.ese soi.'1 bacteri.'a and th.e symb.totic 

i:nformation th.at th.e.y expre.ss. Th.e s·tudy of th.e. dynami'cs of 

RliLzobium symbtoti.c informati.on i.n soi.'1, .us:i.ng th.ese "pre-Rhizobium" 

s·tr.a·i.ns, wtl l gfve l i:gh.t i.n regard to th.e tmportance. of tn.e. 

re a r r a n g e.me n t s o f p 1 a s mi. d s a n d e h,r o ro os o.me s: i: n t h.e. s ta b. l t s hm e n t 

and pe·rpetuati.'on .of th.e s.ymb.i:os·fs b.etween Rf.i.l'zo6.i.:um and le.g.umes·. 

The. auth.o·rs wtsh to th.ank Al teta González and Lo·re.nzo 

S"e.g.ovfa for cri.ti.'cal readi.ng of th.e ~manus· cri.'pt. Pa ·rti:al ftnantial 

s;appo-rt for thi's· res:earch. was. provfde.d b.y· th.e us· Natfonal Acade.my 

of Scfe.nce/Nattonal Res.earch. Counctl b.y roeans· of a grant from 

th.e US' Agency fo ·r I:nternati:onal Development, and O.y- a g·rant from 

tfi.e Fondo de Es:tu.dfo e I.'nvest .i.gaci.'ones.: Ri'cardo J. Ze-yada. 
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' Table l. Characteristics of soil isolates CFN2500 and CFN4400 compared to Rhizobium phaheoli 

CFN2315 and AgnobaQtenium tume6aQienh strain CFN2302. 

Strai n Relevant Characteristicsª Ouplication time (hrs) 
PY LB Y 

CFN2315 R.phMeoU CFN23 s.train wi.th 3 <10 
Tn5Mob inserted in the Sym 
plasmid, RifR KmR (22). 

CFN2302 A. tume0aQLenh strain GMI9023 2.5 2.5 
with. the CFN2315 Sym p l asmi d 
R i f R , S t rR , KmR ( 2 2 ) . 

CFN2500 Soil Isolate, StrR, This work 3 

CFN2515 CFN2500 with the CFN2315 Sym 

<10 

plasmid, StrR, KmR. 2. 5 <10 

CFN4400 Soil Isolate, StrR. This work 6 <10 

CFN4415 CFN4400 with the CFN2315 Sym 
plasmid, StrR, KmR. This 

work. 

6.5 <10 

3.5 

3 

4 

4 

6.5 

6 

Bean 
nodula
tion 

yes 

yes 

no 

yes 

no 

yes 

Nodules 
ni t roc¡enase 
activity % 

100 

7 

120 

95 

Glutamine 
synthetase II 
specific 
acti vity 

0.54 

1.89 

1.63 

a N.O. 

0.58 

N.D.ª 

3-ketol actos e 
production 

no 

yes 

no 

N. D. a 

no 

N.O.ª 

ªAbreviations used are: RifR: rifampicin resistance, KmR: kanamycin resistance, StrR: streptomycin resistance. N.O. not _done . 
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E s ta b i 1 i d a d d e 1 Fe n o ti p o S i m b f ó t f c o de 1 as e e p a s e F N 2 5 1 5 y 

CFN4415 º 

Las cepas CFN2515 y CFN4415 (.Tabla lp 72) fueron trata-

das por calor para determinar la frecuencia de deleci6n del - -

plismido simbi6tico de la cepa CFN23 en el fondo genético de --

1 os I ~ pre - R h i z o b i u m p ha se o 1 i 11 e F N 2 5 O O y e F N 4 4 O O (_Ta b 1 a 1 p 1~) í en -

centré que la resistencia ~ kanamfcina de ambas cepas se pier

de con una frecuencia mucho menor que la resistencia a kanami

cina de la cepa CFN2315 (_Tabla lp12) , estos resultados se muestran 

en la siguiente tabla º 

Frecuencia de derivados sensibles a Kanamicina º 

Cepa % Kans 

2315 84 
2515 1 
4415 2 

Los derivados sensibles a kanamic f na de la cepa CFN2315 

conservan un plismido simbi6tico deletado, pero sin un cambio 

aparente en el peso molecular (_ p 30 ) º Se analiz6 el perfil -

de pl5smidos de la cepa sensible a kanamicina derivada de la - -

CFN4415 y se encontr6 que esta cepa pierde todo el plásmfdo sim

bi6ti co, estos resultados se -muestran en la siguiente figura: 
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3 

Perffl electroforético de plásmidos. Carriles 1) CFN 

4400 2) CFN4415 3) derivado sensible a kanamictna de la cepa 

CFN4415 . Se muestra el peso molecular de los plásmtdos expres~ 

dos en kilobases (Kb). 

La diferencia encontrada, tanto en frecuencta de apa

rici6n de cepas sensibles a kanamicina al heredar el pSym de -

la cepa CFN2315 como en el mecanismo de pérdida de ésta resis-

tencia, entre las cepas de Rhizobium phaseoli CFN23 y CFN42 -

( ? '-t D ) y l o s " p r e - R h i z o b i u m p h a s e o l i 11 e F N 2 5 o O y e F N 4 4 o o , p u e d e n 

ser debidas a que el mecanismo de recombinaci6n de las cepas -

C F N 2 5 O O y C F N 4 4 O O s e a di s ti n to de l de l os ve r da de ros R . p has e o l i, 

o a que el rearreglo génico que da como resultado la tnestabi

lidad de la informaci6n simbi6tica, requiera la presencia de -

otros plásmidos. 

Todas las cepas de R. phaseoli que pierden el fenotipo 

simbi6tico con alta frecuencia presentan un plásmido de 135K& 

( F i g • 1. p 2 (:, ) , es te p l á s mi do t fe ne s e cu en c i a de D NA f10 m ó l o gas a 

el plásmido simbiótico (1), se transfiere con alta frecuencia 

(2) y los genes de la nftrogenasa reductasa (.nifH) se encuentran 

asociados a él en algunas cepas (2), (.Fig. :lp 2G); por todas -



estas caracter1stfcas el plásmido de 135Kb es un posible candi

dato para participar en el rearreglo génico que da como result~ 

do 1 a i_nes-tabtl idad del fenottpo s_i)JJi.b.tóti:co de_ R. phqs:eoli\ - --

para descartar esta hJpótes:ts· s·e trans·fertrá e.l pl &s;mtdos.- 13e .,._ 

135Kb y el simbiótico de la cepa CFN2.3 a las- cepqs de p-re-'Rt1_fzo 

bi um phaseol i CFN2500 y- CFN440.0. y s·e_ determtnará 1 a estab .. tl i:rlad 

de información simbiótica. 

1.- Leemans, J., Sob.er6n G., Ceyal los: M.A., Fern&nde,z L., Pq:rdo 

M.A., de la Vega K., Flores M., Qutnto C, y- Pal~cto~ B. 

General Organization of Rh-i'zoo.furn phas·e.ol t ntf Plás:rntdos;·. tn 

C. Veeger, W.E. Newton Eds. Advances i.n Nttrogen Ftxatton 

Research. Nijhoff Junk Pudoc. p. 710.. 

2.- Soberón-Chávez G. Papel de los Plásmido~ Indfgenas de 

Rhizobium phaseolf en el Proceso de Nodulactón. Te~t~ p~~a 

obtener el grado de Maestrfa en Inves:ttgactón B-to-roé.di.'ca 

Básica. 1983. U.N.A.M. 



DISCUSIUN 

El rearreglo g~nico que tiene como consecuencia que al 

gunas cepas de R. phas~olf pferdan la capacidad de nodular fri

jol con una frecuencfa elevada es producto de la recombinaci6n 

del pl&smtdo stm5t5ttco (pSyml, el resultado de esta recombina

ci6n es la sustttuct6n de una parte del pSym en la que se en- -

cuentran los genes estruct~rales de la nftrogenasa y por lo me

n o s p a r te de l a t n fo ·r m a c t6 n n e c e s a r ta p a ·r a l a n o d u 1 a c i 6 n , p o r -

otras secuenctas de DNA. Esto se ejemplfftca en el siguiente mo 

delo~ 

Modelo de delecio'n-sustitución del Plásmido Simbiótico de Rhizobium ~aseoli CFN23 

Orl 

- PSym 
nif 

Ori 

Ori 

Ori 

Cointegración 

nif 
ºNod 
. nif 

nif 

PSym 
nif 

J Resolución 

PSym delatado 4'..L.----------~ PIÓsmido que segrega 

:h~,~ 
:U1 

Orl 
Ori 



El modelo presupone la recombinación entre dos replic~ 

nes que forman un coi·ntegrado y su resolución en la que se inter 

cambian secuencf~s. Uno de los replfcones que fntervienen en la 

recombinaci6n es necesarfamente el pl&smfdo simbtótico, y el 

otro puede ser otra mol~cula del mtsmo plásmido (_como se prese~ 

ta en el esquema), u otro plásmfdo presente en la cepa; una con 

dici6n del modelo es que la mol~cula resultante que lleva los -

genes de la nitrogenasa s·ea ·rncapaz de repltcarse en la bacteria. 

Todas las cepas inestables de R. phaseoli contienen un 

p 1 ásmi do de 135Kb, (r--,·91., rJ 26}, en 1 a cepa CFN23 este p 1 ásmi do -

tiene homología estructural con el pSym y los genes de la nitro 

genasa se pueden asoc·tar a él (_1), en 1 a cepa CFN5 1 os genes de 

la nitrogenasa se encuentran tanto en el pSym como en este plá~ 

mfdo . (Flores, M. comunfcaci·6n personall. Este plásmido pudiera 

recombinar con el pSym y participar en la fnestabflidad del fe

n o t i p o s f m b f ó t i' c o d e R • p· ha s e o 1 i ; 1 a p r e s e. n c fa d e. e s t e p 1 á s m i d o 

no es suficfente para que una cepa sea tnestable, pues exfsten 

cepas como la CFN42 que tienen esta ·mol~cula y pi erden su capa

cidad de nodular frfjol con muy baja frecuencta (ll 

Para 1 a fnestabil idad sfmbiótfca de una cepa es impor

tante tambfén la estructura de su pSym, ya que como se discutió 

e n e 1 a r t 1 c u 1 o 11 Fo r m a t i. o n o f a R h f z o b i' u m p ñ a s e o 1 i S y m b i. o t i c 

Plasmi.d by Genetfc Recombfnactón'', existen dos tipos de pSym en 

R· pha~edlf y solo uno de ellos partfcipa en el rearreglo g~nico 

que da com6 resultado la tnes·tabflfdad del fenotfpo simbi.6tico. 



El pl ásmido simbiótfco de 1 a cepa CFN2315 (. 'f,.J> i,"'1 fal) Pª!. 

ticipa con mayor frecuencfa en el rearreglo de deleci6n sustitu

ción cuando se encuentra en el fondo genfitico de una mutante de 

la cepa CFN23 que tiene aumentada la frecuencia de recombinación 

homóloga (.Sober6n-Chávez G. y Nájera R. manuscrito en prepara-

ción): esto sugiere que sea la recombinación legitima la involu

crada en la generación de delecfones en el pSym de la cepa CFN23, 

La caracterización de mutantes de la cepa CFN23 con una frecuen

cia disminuida de perdfda de la capacidad simbiótica aclarará la 

participación de la recombinación homóloga ~n la deleción-susti

tución de su pSym . 

E l g e n o m a d e l a s R n. f z o b i' a c e as- p re s e n t a g r a n c a n t i d a d de 

secuencias de DNA rei.teradas (.Flores M. ~~manuscrito mandado 

a publicación), estas secuencias reiteradas están presentes en -

el pSym, y pudieran aumentar la frecuencia de recomb.inación propj_ 

ciando asf los rearreglos g~nicos; sin embargo la presencia de 

reiteractones no es suffcfente para que una cepa de R. phaseoli 

sea inestable; tanto el pSym de la cepa CFN42 como el de la CFN23 

presentan s~cuencias reiteradas (Flores M. comunicación personal) 

y solo el pSym de la cepa CFN23 pierde los genes estructurales de 

1 a nitro gen as a con a 1 ta f re cu en c i' a • CT a.. b ec~2 p s 6) 

El hecho de que apartfr de la pSym deletado de la cepa 

CFN23 y de un R' derivado del pSym de la cepa CFN42 se pueda gen~ 

rar un plásmido simbiótico '¡inestable" (_\C1.b\.,_ ·z. p S!i), y de que se 

pueda generar este tipo de pSym inestable a partir de la recombi-

:¡e¡ 



b i n a c i ó n de 1 R ' y d e u n p 1 á s m i. d o i n d í" g e n a d e 1 a c e p a C F N 4 2 (.T ~'-

b\"2.. f 5'@ sugiere que el tipo de pSym inestables es· un mosaico de 

dos tipos de secuencias de DNA que pueden o no estar asociados, 

la disociación de esta información podria compensar la gran fre 

cuencia de p~rdida de la información simbiótica. Si una parte -

del pSym ines ta 1.ble se transfiere entre bacterias con una fre 

cuencia elevada al asociarse con un plásmido conjugativo (como 

el plásmido de 135Kb de la cepa CFN23 que se transfiere con una 

frecuencia de 2 x 10- 3) y el resto de la información no se pierde 

(el pSym deletado de la ceoa CFN23 se oierde con una frecuencia 

menor a 1 x 10- 5 y el plásmido ~de la cepa CFN42 es tambiin muy 

estable}, una bacteria que hereda un pSym inestati ~ e podrfa llegar 

a tener un equilibrio entre la pirdida de parte del plásmido por 

recombinación y su reintegración al heredarlo po~ conjugación . 

El pSym de la cepa CFN42 no complementa a la cepa de -

ful!:.Q_bacterium tumefaciens GMI9023 para la formación de nódulos 

"s.anos" de frijol : , mientras que el pSym de la cepa CFN23 y 

el que se forma por cointegraci6n del plásmido de la cepa CFN42 

y e 1 R' 10 ' ~ si lo hacen (datos no mostrados). Mutaciones 

en el pTásmido e de la cepa CFN42, confieren un fenotipo Fix- a 

la bacteria (2) . Todo esto sugiere que toda la información sim-
/ 

biótica plasmidiana, en la cepa CFN23 se encuentra en el pSym, y 

que en la cepa CFN42 se encuentra por lo menos en el pSym y en 

el plásmido ~· Será interesante determinar si otras cepas esta~ 

b 1 es de " R. p ha s e o 1 ;· • t i e nen e 1 m i s m o arre g 1 o de 1 a i n forma c i ó n 



simbi6tica que la cepa CFN42, o sf exfste un pSym estable que -

contenga toda la fnformacfón simofóti'ca º 

El estudfo de la inestabi'lidad del fenotipo sfmbi6tico 

de Rº phaseoli desde varios enfoques me ha permitido el conocer 

y manipular el genoma de esta 6acterfa hasta llegar a proponer 

algunos modelos de la dinámica de la información simbiótica de 

esta 6acteria. El vulnerar estos modelos y el evaluar la impor

tancia que tienen dentro del esta6lecimiento y la perpetuación 

de la simbiosis entre R. phaseoli y el frijol seran los objeti

vos de mi investfgacf6n a mediano plazo º 
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