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l~ que difunde en lb ~>e~~~ y puPd~ ~er oxi~a~~ ·-- cual~uJer~ de 
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algunas prote1nas Fe-S. A·Jnque hay cjer-t..a. ev)denc:ia. que ind:icc:. 

que algunos aniones de semoquinona estan unidos a prote1nas. Las 

forrna.s quinona y qulnol son d:i fusibi es en la mernbr-ana. y 1 os 

citocro!lto::" b de bajo pc•tE-nclal e:::-t.án probcblemente cerca. de la 

superficie periplásrnica. CKri..Jger y U:-1den. 1985: Jvnes. 2988). 

3 .. Conq::>onen1-es. de 1as cadenas respirat..orias bact..-erian.as .. 

Los s:::-. Dcc~t-!-::.cno:. son e:-:trtmóC=.rnente '--"ariado.s- y· cont:ienen 

...._,.arJos tipos- dE- ecc.rrE:-=.dores redo>:. les cua.les puedE>n agrupar en 

los sigujentes grupos. 

!Fig. 31-. l. 

LI- y L-}cct~t.c·. 

cor.-: :i -=-n~ FJJIJ,; 

F~.r.. :=::stas 

15 
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3.2.Reaicción c:on oxigeno de 1as fl.avopro\...E!"!.nas. 

arr1:inoS.cido o::-::idc.ea. entre otras) 

EdmonC.sor1. J..?te: !"~assey. et at .. 1999; Ghis!a y 1 .. 'i::.ssey. 1989). 

CFig. 33). 

Er1 t.é:rI!1:r1.::-s de .!.e r-e:c.ci:.iv:idod con e} o:;.:!g~nc e::--:J.E~en ~res 

grupos de flavopro~e~n~5, 

qu'? 

generan 'f1e·.;jn-en::.:.rne.. 

l 2.$ de 



•• 

l.-~pjdo. La rt:c.cci:::;n que ce.tal izan es le s19u:iente: 

En::.irr1ó-Flavina. re-d H-+ 0
2
---> ..... En=:i.rna.-Flavina-H· + o-

2 

La subsequente reacción de oxidacion del radical flavina por 

0 2 o por o>::.gé:JC• es lenta. CMassey. et... el .• 1988). 

B. Prop.i~dadés d~ 1as Flavoproteinas oxidasas. 

P.lgune:=" son simples~ otras en 

cambio. e vm;:; l e jo=:- con rrie-'tc..les y Mo. 
t1picas dE' 45-St.c ele.E~ son: D- y l..- e:.n1ino.=.cido ox::idase.E":. glucosa 

oxidase. glicola~G oxidase y L-lac~a~o oxidase. En general estas 

enz:irne:~ rée.c=::iono.r-: lent.o.:-n~n-:.e con o:--::ido:it...e=:=: de un e1ect...r6n com::• 

C· con 

oY...: 9J?nc . prc,c·._)::-t..c.· la 

proC..uccic·:--1 

C. Prop.iedades de las FlavoprotE>J. 1--,,a~ JT10nooxige-n.asas. 

de E::s'te:=: en=i:r.o.~ =:o;.: le L-lo.c-:...a.~c m.:::•:1c.·c.:>:jgena~c.. : ... · le. L-lisino. 

n1onoox1 ge !""1a.sc.. 1a C.~e:cc.rboxiiacjon 

l c. 



3. '3 Q.ui non.as. 

Las quinonas mas comunes en los sistemas transportadores de 

electrones bacteria~os son la ubiquinona ( ()) 

1 ·~:;::::::) .. las 

~-·::O-

la 

3. 4. Cit..ocromos. 

21.n1llo:•::. 

la 

l c.. 

de 

1q 



3.4. Ci~ocromos. 

Los e i teicrornos est~n formadas poi- un grupo prostético herno 

unjdo a la apoproteína. El hen10 está formado por 4 anjllos 

p:irról:icos unidos por enlaces vJnilo. Jo que constituye la 
molécula ple.ne. de porfirina. En el centro se encuentra un átomo 

reducida (Fe2
-) y le 

de coordinación del 

de jón f:ie:r-:rc 

oxide.da (Fe3
·; 

el cue.J oscila entre la forma 

Las 4 pos1ciones ecuatorjales 

fierro est~n ocupadas po; nitroge~os pj:r~lico~ mientras que las 

posicione~ 5 y 6 est...ar.. ocupa=.a~ con n:i.troge-nc· y/o a::ufre de 

histidinc.~ o rne:~J.onjn.c_s de- :: e opop:::-ot e :í ne.. En las citocromc 

por c.gu.e.; es"":..c n:.:i.s-rr.c. pcsi c::icr. e-s c_,:-u;:..c.c::: po:?.- l ::.gando:. Ce campo 

fuerte COIT!C CO . NO • 2. 

lo 1:..anto ::::orr .. p:!-.:.eri c~n e-1 1 e f c-:-mc ferrosa de la 

enzirr1a. (..Jc-.nt-~ .. 19E:2: ..Jcnes y ?o~·1e. 1985: F:::icie. 19891 

Los grupo~ unido~ a las po~iciones C-~. C-3. C-6 y C-7 del 

o.nil le pc·!·fj:::-.lnicc·. ("\.··e::- figt.:J:-c 4) so:-, :invc:r-:i:.ntE:s en todos los 

C-4. C-5, y C-8 

e$'~C..=: sus"t.::itucjoneE"' son 

(ver- rrie:s c::.delan"t.e) tipo ªªs y oj.. en los cuales el hemo 

une ccd-:-:-Jo. d~· fo!'"TI::ilv. (!...udwj:;:-. l9e7) 

tiene 

c:it.ocron10~ c. nc. au"t..00:-::id::::.!:::e~. e :i 't.c·=rorno 

20 



CH:> 

HEMO C-2 C-4 C-5 C-8 

" ~CH3 -CH~o-<2 -CHO 
C"H.19 

b -CH•CHz -C>i•CHz -CH3 -CH 3 

e -<(1-C~ -<¡=H-C~ -CH3 -':H3 
s- s-

et CH-R -CH•CHz -en,. -CH3 1 
OH 

FIG~ 4. Estructura Ce los dife=en~e~ hemoE encontrados en 
bacterias. Tomada de Poole.~98~. 



P-4150 y cito cromo P-450 : todos estos c:i.tocromos contienen el 

mismo herno que la hemoglobina y que la mioglobina. (Jones. 1988) 

e 
3 

Cit...ocroTDOs e 

e e e 

Este grupo incluye citocromos c,c
2

, 

en los cual.e.e- el hemo est~ unido a 

la 
4 , ~!:>O 

prote1na por un ti Oéter entre 1 os sust:it..uyentes de las 

posiciones C-2 y C-4 del heme y ciste!nas de la apoprote5na. La 

unión cove5.len't.e del heme e a la prote{nc. se considera como una 

mod'if:i.cacién evolutiva de la estructura del citocromo e para 

prevenir la d:isocio.c:iorl del me~oherno y la apoprote{na. lo que 

permi-::.e al c:i.t e furicjonar en el perjplasrr¡é. o en la superficie 

periplásmjca l?ettigre~ y Moore. 1967) 

Algunos e tienen la capacidad de unirse 

f 1 evoprc•'t.. e! r.e:.s. f0:rne.ndo complejo:. c.i igorné:r-icos. 1 os cua 1 es se 

encue:n"t..re. e:-! .r··se-<...·dc.'7.;.::;':"'-.C:..:: y en alguna=: :be.ct.e:r:ias foto::intét:icas. 

[Jones y Poole. 1925). 

Cit. oc romos e' C Cl orina) ... .::..:t:.E- gY-upc, lncluye a la cii:.ocrorno 

oxidasa d lanles un~ f 01-rnc d~ le nltrato r~duc~asa y 

al ci"t-ocror:-Jo cd . En tadoe; est.os clt.ocrornc.s el grt...:po hemo (d 6 

d,J es una dihodroporfirona o clor1na. 

1985; Steu~ v Muhoberac.1989.J 

fPoc.le. 19E3: Av.. e: el .. 

Le.= rr~>:i:r-1~~ dE- c;:.'E°C..'!·c:ión y aJguna.s de Je~ co.ractE:"r:..s-r:..icas 

estruct:..u:t-c 1 e:: d-e le·=-- e i"t...eicro:;1.~s pueden ser ar-Je 1 :i::.c.C..o.= registrando 

espec~ros doferencoaleE de absorci6n Creducid0 vs oxidado). donde 

citocromos en la =ona vi$ible del e~pec~ro; 

'.=:so-6.q~) nrn): bc.:;-¡,d.c. t? t 52C-530 n.rr.: y bo.nda r 6 Soret 

ne• e>:h i be:;J une se?ía l 

ó.p:recicble- e:L lé ::-egior: t=· .._ .. ,. ios c:i"t0c:-on1c~ "t.ipo ci muest..rc.n une. 

21 



senal débil en l~ •eg>On de Scr&t. Gener~lm&nte 

e itoc..ronios 

1 C.• qUE CJLIE- l;;. 

=,..· C • E·""'...::-
2 

Es. nec:::·s;;.1·:.c. r. . .;:.·11c:i~r1~,--- Ol...tE E'SDEC t..~- 2) de- lo=: 

1 as 

e-~.¡:.t;..c t ~-o .. Esto 

ten.:-·e..1· ,;:.-_. 

2l ·=:1...•r1:...•S-

: c.. º' l -t.::· 

1;:.:!-; C. l i... C:C t 

i::::- :. o e- ~r.. 

.....·:-· ,. ·; <=-· t:. -~e::_ 

t;.•:::•=•.'IC· -'~- t::.·,-T= 



que notar quo:: algunos organí smos. (E.coZ.i) no sintetizan 

cantidades de"Lect..ables de cit e durante e:l crecimiento aerobio 

por lo que car~cen de complejo bes. a\..!nque puedan sintetizar 

citocromos similareE durante el crecimiento anaerobio (!ngledew y 

Poole. 1984) El =-~:-r.;1lejo bc
1 

junto con la quinona son parte del 

ciclo Q. el c\..:.e:.; e: considerado un sit:io de acoplamiento. El 

ciclo Q invc·lucre:. las OH y transfiere 

elect..~one: d«:sde ur.: centro Fe-S de 1 a deshidrogenasa al 

protones. En las 

cit e . 
con l c. concornl -.:.a:-1t.e t...re:.:-1slocac::ión de cadenas 

respirator'ie..: 

ausente y los 

que car~cen de e. el c:iclci Q . 
-r.ré.risferidos d-= 

está probablemente 

la quinona a un cit 

b :· de ch.!. e une:. c., rr1es o:.:id::.eo.s. (Jones .. 1985; 1938). 

B. Ci~ocromo oxidasas. 

t..:res de 1 os cuatro 

tipos de citocrcmoE pueden acarrear 4 electrones para reducir el 

oXi.geno c. óQt.lO.: cit.. ac
3 

: ... ~ ~·='=i:t:>ler:-i.ent~ cit. e,,. ci~ o y alguno: 

citocromc1s d. Ced=. uno de-=--=."'.:.·::>:: CJ't.OC'?'·:::.,...r:-1c1s se co!T'..bina con uno o 

m~s cit nc~-o·..l~C·:i>:idabie~ p=.!-c fc·!-rr10:-- la=. c:itocrorr1os ox:idasa (co. 

coo 

" 
C.Q~ -?"t.c'; (?oc-le. '.!..983: .Jones :...,· Poc.1e-. 1985). 

Existen evjdencias par~ senalar que pr~cticamente todas las 

citocromo oxidasa catalizan Ja ~iguiente reaccion 

o 
2 

via :i.nte!""m~diarjos oxJ.. y ~·'='::-ox:i '1.,;.!"".:i.Cc-s c. la enzir:-.ie (.Jones. 1988: 

Ludi..:ig:. 19B7). a.unquE- códc. oxido.:: ·::o:-! dif-erente a"f:in:idad por-

oxigeno. L=. ~'finido.d 5€:" :in::-:~e:;;'2"!"":"tc en e: siguie:-ite: O!""den: d.>>>> e 

De:.:ic· lo C1-:C. l. 3. e sí Tl't.es:i~ de les 

cxidc.se:.s co:-1dic:iones 

23 



'' 
'. 

ambientales. Citocromo oxidas as e y d son reprimidas en 
condic:iones de alta oereaci6n. mientres que las 

caa
3 

pueden ser con~~jtutivás o mas fecuenternente 

bajas concentraciones de ox~geno. Esto da como 

ox:idasas o.a.
3 

Y 
reprimidas por 

resultado que 

durante condicion~~ 

reempl~zada por cJt.o=rc..•r.to e y 

de 0
2 

el citocromo (c)o.a.
9 

algunas veces por ci~ocromo 

es 

d. 

Mientras que el citocromo o Cpor ejemplo en E.col~) es sustituido 

por el cit d a bajas ~ensiones de oxigeno. (Pocle. 1983; Anraku y 

Genn:is. 1987). 

Aná l i E'i = t o~ogra f i cos de las membranas o de 1 as estructuras 

los c::it..ocromc· re~ ... 1e l an que todas son prote.1 nas 

a) dete11e po:re. =.:::.
3

. lado 

e y d) -r.1enen un 

en'='rg.!. a. mes 

la 

fu:-1c::ionando ccimo un ciclo 

redox 19S7> 

Recienteme~~e ?uu~tjnen. t 195?) que el 

c:itocrornc de rnC:tnerc 

similar a cc·r.10 10 hccE 1=. cit.c.c1-·::..r:-1-:.· e o::-:ide:.=:c d€ P. denf t~t.fi.can...s. 

en~re o~ra~ •Lud~ig.~&~~. 

Tc•do=: J. e: e-::.·..:. c.:-:ldt::.~o pu-eden ur.~1- CO f:.:.i::-me:.nd~ cor.i;:-•1€.-jos con 

C>:Jdt:.SO. lb cua 1 de!:ie d~ 

~} 12:sp~=:i:ro fot..oq 1.i~mico 

24 



-Medida directa de la reacci6n entre CO y la oxidasa. 

-Mostrar que la pu~ativa oxidase es competente para sostener 

la respiraci6n con sustra~os fisiológicos. (Poole. 1989). 

Ci~ocromo oxidasa caa
3

• 

Este tipo de oxidas as está ampliamente distribuidas entre 

l~s bacterias at:-ró'.bia= y tienen cierto parecido funcional con la 

oxidase. mitocond~ial pues contienen los mismos cuatro centros 

redox• 2 hemos a y 2 •tomos de cobre. 

h. p'=:sar a~ su perecido con la enzima mitocondrial, hay dos 

caro.cter.! =~ice=: d:5.st..'int.'ivc.s d-=- las €:n:;:.irrias bac"t:eriana..s. Son mas 

simples en compoEicicn y pueden es~ar asociadas covalentemente a 

citocromo c. 

TodaE son c~~ocromo e oxidases. siendo su donador natural el 

e} e unjdc· c. mernb::-ar:a e) olgún e so1ub1e. (Poole, 

1983, Sene. •• a!. 

El heme c
3 

reacc1ona en el es~ado ferroso con ox~geno. CO. 

NO y c=:ide ni~~r-:--.:.r~~ qu¿ en e) es~::i..Cc fé:?-rico re:::.cciona con KCN. 

IJones y ?ocle. 19851 

la enzirna puede ser 

reprimide p0~ bb~a ~ensoon de oxigeno o en condiciones de exceso 

1925: Escamill~. ~~ ~L. 

1988). 

( 600-605 nn. v 4'40-..:;5 nn1~1 La ~anda a es d~boda a cit a mSentras 

Jones y Focle. 1985; 
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Propiedades estructurales. 

estudiado. s~ encuen~rD hema ~.. r1emei .:-. .. ( c-unai_1.:= ,. 
t.e:-1· C.E-t- c.ob1-e) y Mr. unj de: e-. 1 c. 

re\:,.•orte•dc:- E::<;:. d~· Ct ..... IE-

dE· 

t: :;:- ,- rr, J. r,,:. 1 ~,J. r1 

;: .. - - - - Ll--, :_-. ="':_e 

e"':·· e e_-:_ c.i::.·1·c:,n1;;: 

- . ::...:_. r .i:.;: -::'. 

'"--'"'' el 
" 

Citocromo e· y 

El C• · ~' ci :...~ ;;:_. ~-. ~· ·-· € 



1 , 

cru=• 1nmunol69ics ~~tre cite d& dive-1-sas bac:ter i as. .. '.Janes ·Y 

Poo 1 e., 1 985: 

como E~ col :i CJ en 

=:u 50" t 1 tu ·-:'E- r·1dc1 198:;.: 

El c:1tc•ct-c11,1~· C· f:·S::t..á L'.nidc:.· ¿, l~. m~n,t:0 1·0.nc:( v c-.cept.::o elE:-ctr-c1nE"E:"· 

d~ ubiauincl-2 •UO-Bl. 

.Je:¡ •C:·::::... 1 °s.= 
El 

e., .. _e:-· =-·'~'·:-

c;_·I .- - -. C·•-•.;_: 

- ·~:::.'=..:':-e t.·:...·rr.t:•Ec. 

c._ ~ -:; '=-' = t" ·=-•íi··=--
:. nE; .:= .. -.-e:. ¿~ :. f;::··;'· -- ::. 

::.et i .... -~ ,.- ·'.:.r=.:·"'.:. ··.ar.~(·· c ..... ';·::-:1-=.. 1s·::.:.::.-.-, 

E-n .=-.:•/¡:: ... c.c.::_,::;.¿-;..,·cc-·7.:::,-,_~,:.= ,o¿_).:...5::-;:'·:::o- (1 ::·,-=.-

sido 

con CD 

CE 

Pwole- .. 

C:-C•rt 

E .. CC:•.2 .i 

1985: 

dE 

UD-E 

r.c:. 
ii:.} - .. 

d<0· 1 

1 .,. 



Citoc:romo cf. 

E=:t¿, o~~idc?S.2. se enc:uentre pt-e+:er-er.t..emer1tE: en b<?.ctet-ias 

E"··· e-.;;. (+) .. ~uimio1itótra~o~. 

o~:i ge-ne:•. l 1mi tc-ción 

jr,duc:.c:i.or. 

;.,.:. c1t..::: ¿,) di=...minLti1· 

1985, 

ciF. n1t•rtit.•1··,:.r,-;::•. 

~ i:::,::..c :i 6-, 

e 2t..:··:-

';1'-.::-··7"···- • L-"- ::····-·:i• .. 

.. 
•· :.: - ... t:··-· 

::-,:. 

'í 



'l'lBS,\llS. l'Zl 

b lNAl He•~ b 5b0,~17 -10~ • 110 

e lll~l H~•o t 5'50-4: 1'10 a ~li2 
417 

ii~ tOl He•o: .. •• bb0-'5; 440 200 a 2b'5 y 
2 Cu 3b0 G l7S; 

c.a.a2 lOl He a os. '" •.. e bó0;540 y 200 a 2~5 
2 Cu 550-3 

ª• Heao: 5B5-% 160 260 

o 101 2 Heao: '555-bS; 12~-417 

tu ry 430 

d (O) 2 H~aos 6'3(1 2BO: 417 
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210 
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? ND 
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EL SISTEMA RESPIRATORIO DE F.·r,-:i=ot:-ium. Di-Ferenc:ia.s 

entre el crecimiento en vida libre y el ba~teroide. 

l. Transporte de elec~rones en vida libre. 

poc::o!"sjn 

e5=tud.i. <5d2': 

l e' 

s..ucc: :i •·e·-: e,.'. 

E- .. ,::. e;-."';-, 

CLlC..} 

1-1 

l..i: 

¿J,..J95~: 1 ,. ec· ·_ e ~- " e e,. Q!.....IE' ]¿:. 
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concentraci6n del citocromo e, ~uncion~ndc casi como l"' única 

L• expreai6n de oxido;saa múltiole$ le permite a este tioo de 

b?c.ter-ia.~ (como un rango amplio de 

concentracione& de ox1geno. 

En c.Lt21.nta.:,. lé!. ca.pacidc\d d€"- 0;~1da.t· ci-Fet·entes S.Ll'E',trc..tos .. en 

e- l NADH el mejot·, 

m:iE:'rt"t.rc-.s a•_tE· El SL'=c:..nc..ta SE- c.·.:ia:;. cori d1.f=icL1lt~d .. 

de] 1-..!ADH ..,. ::ucc1r.~to (Q"'B~·:i.;:.r, v M~.:iet· .. lc;os:: . .:;. .. bJ .. Se he- encc.r.tra.dc· 

OLlE- el l .. JHDH E-::- ce-::.:=,::- dE" 1·:-d•_1c1t- d&l ,·_, c-1 25:: de ele}¿, U~·iaL1Jnor1~ 

Tran&porte de electrcnEs en el bacteroide. 

de] 

1'7'75: 

El 

sidG 

E. 1'7. \L(....l.=>,,r:L•E.J ~· !- e:.er.L.e er. 
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los bacteroides ine-Ficientes. Por otro lado se 

el 

son cap?ces de ser mas &~Jc1antes en l• -F-:ijación 

aJ.1989). A pesar de es~o• resultados. es di-Fíe i l 

han encontrado 

c:itocr-omo "'ª 3 

<Sober·6n'!" et: 

de 

ba.cte1·oi de::.: 

en 

--f-ué 

la 

cepa.s 

e:·st.e::.. CJ>:id::-rs::; t1E-r1E· b<::"' 1.: ¿ ... ..;.;¡ r.: d,:..d t:·C·t· ._. '.1.t,:;)P<•C.1 t:.•= 1·¿.. C>DdE-·t -f=L1r1cic•n2~-

.=-·-..;.::--:.: .... 
C:•-l2} ~·i3='1·~:: l CiC\'.:: e :t t..c .. =1·on1C.• 

--Fot·m=- c:.c.•m:::-.J. .:::=:- _-::: C Ct Cr C-:'" •- C• E·:: J. r: S '2 ns. :i !::· l E- c . .:. :::: :. E• !""1 l..t 1 ·O. 

;:¿c .. ::-o.::::_ .. ·.:.: e.._;.¡. €: c.: ...,. =-==-., r. 

e:-:::.::;...:;. ... =·- ... :; ~- :_-.• SC-.•r1 ¡:.•C-'t' la 

··A;:::1r-•l.:-t"Y- Ft: .. al."' 

que 

-: ... = :.6-, 

31 



condiciones se induce la actividad de una metal-~lavooroteina que 

tiene alta actividad de ci~ocromo e oxidas• • in$ensible al CD. 

CO"Brian y Maier. 1985a.b: O"Brian y Maier,198Bl 

Un c:omooner.te imoot-tante de- los nód ..... tJ o: es la 

leghemoglobina. l• cual •s el transoor~ador regLt} 2'.dor de 1.:. 

concentt·acióri de o :.1. gene• 1 n~~-~r1c•dLllc:..t· .. -.- _JL1r.tc1 cc1n l e.s 

del nódulo mantienen adE--cuada=- de <Apoleby. 

1984). 

le permite 

ine~icien~a con reEpec~o a 

Lln 

L•r1,;:::. 

e -t·í r, 

oue 

1:. -f 1 _,c.• e :i 6r, 

en 

lrit".1b1::::iór. CC•n 



¡,e; .f:.L\ncianc 
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MATERIALES Y METODOS 

En el presente trabajo se utilizaron dos cepas de Rh.LzobL-urn. 

ph.c:z.seol.L. ·La CFN-42. resistente a ácido nalidi.xico y la CE3. 

resistente,.a estreptomicina. provenientes del Centro de Fijación 

de Nitrógeno. UNAM. 

1- CULTIVO DE CELULAS. 

El medio de cultivo que se usó fué el PY CNoel. et al. . • 

1984) que conteni.a: 0.5% de peptona de casei.na: 0.3% de extracto 

de levadura y 10 mM de CaC1
2 

Las bacterias se cultivaron bajo tres condiciones diferentes 
de tensión de ox..1geno: aerobia. microaerofi.lica y "anaroebia". 

Las dos primeras formas de cultivo se hicieron en un Iermentador 

de 20 litros de capacidad <Centro de Instrumentos.UNAMJ a 30°C. 

A. Cul.1...-i vo aerobio. 

En este caso se mantuvo aereóCÍ~n vigorosa < 10 1 itros de 

aire/minuto) y agitaci6n de 200 rpm. El cultivo se inici6 con 2 
litros de inóculc que provenía de do=.: transfe:?"""encias realizadas 

en la siguiente forma: Dos rnatroce-.s con 200 ml de medio cada uno 

fueron inoculado~ con el contenido de bacterias de una caja Petri 
sembradas con R.. ph.o.s&o z. L en rnedio PY-só}ido. Les matraces se 

incubaron a 30cC con agitación con~tante 1200 rpml por 24 horas. 

Cada matraz sirvie para 1nocular 2 matraces con l:itro de medio 
pv Jos cue:.1 e=· a incubar en las condjcjones 

indicadas. El medio py usado paro todo.e: las tro.nsferencias 

conten!a el antibi6tico adecuado en 30 ~g/ml. 
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B. Cultivo mic:roaer=~ilico .. 

Se de un c:ultivr.:• ests.cianari~ 

temprana (10 hot-¿o.s). Er1 este• punto se s.:ic:a1-on de] ~ermentadc,r 1(i 

litros de cultive y •• agt·eg~ron 10 11trcs d~ medie PY estéril. A 

pa.1-t.:it" de é-::.te- momento .. ne.; se:, p€:-r-n.itj6 l i:< aire &l 

C. CLtltivo 11 anaeróbio 11 o estático .. 

de 

C:Llltiva e:-n ga. 1 ·r-.:: .. -F6n to"t"Eo.lmente:. jJr=·no <~ 1) lit1·-as~ cer-radoi V sin 

agita::: i6n 

es-Lát 1 e.o. 

de:-nc•mi n6 

et:::.i:-·c.--s-. e:\~_ C~""E:C l rT''.l F-·7'-!"t.C.· I' €:C1l_•e1· id.o:·~ 

cultiva o 

-F l L\ _i C• 

contínuc· (S:-.Co·•·¡::.·l"="= r-·k.'c:.!i' L~ p~&ti]]& celulsr cb~~nod~ &E 

dos Vt='C.':..:.·S C::C•f"l &.rnc.·1·i:. '.i ;;;;_;L.\i::·.dC•I 11· j : .. -H.=1 5·~' ml'-1 pt-: mt""':: 

C.-;,.Cl =:. mJ---1 ICM) Célt...1 1 ¿,..<;:. -7::~ºc 

~ FRACCIONAMIENTO CELULAR. 

L~.: ,_, :::é :i. '-: 2 ¿o. =-€::· r C:.•fT1C:• 1. €0·1- C•n 
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centrifug8 a 10.000 Xg por 20 minutos. La pastilla se desech~ y 

el sobre na.dante se cent:ri fugo a 140. 000 Xg por 40 minutos. Las 

membranas se lavaron dos 

resuspendieron en el mismo 

mg proteina/ ml. 

veces con 

amortiguador 

3. DETERMINACION DE PROTEINA. 

arr1ort:iguador TCM y 

hasta aproximadamente 

se 

20 

Se utiliz.6 el método de Low:ry. et a.l. ( 1951) modificado por 

de SDS para el imi na:r el 

patrón se usó albúmina 

Markwell. et al . • (1981). en presencia 

efecto de fosfolí pi dos. Para la curva 

bovina. 

4-. ENSAYOS ENZIMATICOS. 

A. Oxidorr~ductasas. DCPIP como acep~or. 

NADH:DCPIP cxidorreduc~3~a CE.C.1.5.99.3) <Lang. e!._ 

1972). La actividad de la enzima =•determinó de acuerdo con la 

siguiente reacción: 

N;z:.DH + DCPIP -----E-----» NAD
0 

+ DCPIPH
2 

La rr1e=cla de reacc:i.6n cc¡nten.ie.: (volurr1en final 1 ml). 

Amc)rtjguc.dClr dE- fc~~c.to.=: 0.:1 l~ pr: 7.4: Srn:M: de KCN: 0.0.8 ~ 

de d:iclorofer1c1 indc•fenc-1 CDC!=-I:Pl y 0.2 r.i!~i d~ NADH. S4=- rt:-g i st1""6 

a la 

reduce ion dt-1 cc-ef.iciente de-
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A.. 2- M.a1.a'\..os DCP:X.P o><idorro.duc1:..a.s;;.a. (Lang. Q-t a.l. .• 1972). La 

reacción que se usó para medir la actividad de la enzima ÍUé: 

Malato + DCPIP -----E-----» Oxaloacetato + DCPIPH
2 

La actividad se determinó de la misma Íorma que la actividad 

de la NADH:DCPIP oxidor-reductasa. per-o el sustrato (malato) se 

usó en una concentración final de 40 mM. 

A. 3- Succinat.o: DCPXP oxi.dorreduct..asa ... E.c.1.3.QQ.1. (Lang. 

e- t e: z. . 1972) . Par-a esta enzima se usaron dos aceptores el DCPIP 

y el metasulfato de fenazina CPMS). según las siguientes 

reaccjones: 

Succinato + P!"1.S -----E----->> Furo.arate ~ PMSH
2 

PMSH
2 

DCFIF ----------» PMS + DCPIPH2 

La me:zclo. de reaccion conten!.a: (Volurr1en f:inal: 1nil). 

Amortiguadol~ de- fosfatos O.lM pH 7.4; 20 rcl.11 de succinato de 

sodio; 5 mM: de !--:CN y 10 rng: de rnerr:.b!.'"""anas. 

Le. mezcla SE- :.r12"....lb.=. 5 rr~inu"L-o= e 1:.emperatura ambjente. Lo 

reacción er.=irr~ticc. se incic "º'' le. s.dicion de los aceptores: PMS 

1.1. rnM y DCPIP 80 µ!'-~. Se mjdié 1c. reducc:ión del DCPIP :igual que 

en los casos anteriores. 

B. Oxi dor-1-educt.asas. Ferricianur-o de pot..asio coJno acept..or. 

CKlingenberg. 1979). Cu ar.de; se usó K
3
Ff: (CN)

0 
corno a.ceptor se 

hjcieron de1 pare. el 

DCPIP- Le:. rec.ccJ.cr~ de rt=duc:ción del fe::~ricia.nurc a ferrocianato 

se rn:idic a 400 n:rn (CE?"1 1 rnM-:t crr;-1
). 

rno.lai:.o d-==sZ-.jd:rog-e-:-icse:.e-· e1 rné'todo 
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es similar al d""scrit.o para el DCPIP. pero en este caso se 

DCPIP ferricianuro de potasio (1 mM sustituyó el 

concentración final ) . 

por 

En el caso de la succinato deshidrogenasa 

se uso al PMS como mediador entre el succin~to y ferricianuro y 

no fué necesario preincubar la enzima con el sus~rato. 

c. Inact..iva.cion a.1ca1ina de f'l.a.voprot..e!.nas. 

Cuatro elicuotas de membranas de 3 rnl cada se centrifugaron 

a 140. 000 Xg durante 45 m:i nu-c.os. Las past i 11 as de membranas se 

resuspendieron en arr1ortiguadores de fosfatos de pH 9.5. 10. 10.5 

y 11. :respectivarr10.n't.e y se incubaron ~ 40°C por 10 minutos. 

Posteriorment'= 1 as rr1ernbJ:-anc.s se centrifugaron de nueve a 140. 000 

Xg durante 45 rr1:inu"t.0E y se lava~on 2 veces con amortiguador TCM. 

D.. Oxj_ da.sas .. 

D.l. NADH y malaLo. 

Las e.e-:: j .. ._.·idad~~. de oxide:.sas 

en un ox..irr1etrc, Ye11ow-Spr:ing 

se 

a 

midieron 

3oºc. 
polarográf icamen~e 

Para toda8 las 

deterrninacione:s e1 ele:ctrodo se cub:rió con una membrana de tef'l6n 

de alta se?1:ibi1idCtd. 

Le:. me=.c-lE:. de re:acc}.:::.r;;, cent.en!. a: (volume:-i final 2 ml 

Amort igue.d·:·:!'" d.;;:. fosfotcs O. :1 M pH 7 .4: 0.5 1 mg de 

p1-ott :i ne:.. 

Le. :reetccj::.:.n se inJ.ció cdic:tonandc NADH C5 rnM) o malato 40 

rn!--';. (concent:!'"o.cjo:r-;-es finales) 
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D.2. Suc:c:inato. 

El sustrato 140 mM de succ:inato de sodio> me incub6 con las 

membranas por 5 minutos en presencia de 

0 ... 1M pH 7.4 (volLtmen -Final :!ml> ~ a ::-.oºc 
amortigL\ador de ~os-f=atoE: 

pot- rn i nLtt.os .. DespLléS 

del tiempo de incubaci6n se determinó el consume de DH~geno. 

D.3. Asccrbato-TMPD. 

En este caso se midió selectivamente la activid2d 

respiratoria del sector terminal de la cadena de transporte de 

elec:trones. el TMPD ltetramat1l p-~enil~ndiaminal es 

casi exclusivo del cit~crcmc =· 

l" <?.'_,tac·~:::. d=-.c. ~On IMPD -,-

Lln donador 

E-.mot-t igLtadar 

En::::im~t.1cC. SE• ln~Cl.Ó ~dJcic•ne.r1dC• O .. =:; m1;! dE íllE•iílDt-c,nB.S .. 

D.4. Citoc:romo e oxidasa. 

dc•r-1c.dc·1- cltoc:t-omo e 

repart.ada en 

ml .1 .. 

mM OE e..s.cc .. i-r-·e-Leo. 

Ss. !-~-;:.:i:.'":.tó e1 con::•_tmc· de? a>:.1.9~na cieb1C1w c. l~ 

0 .. 5 
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Le· a-Finidad Ltna de SL\~ SLlstratos 

desat.Ltt· ao::. 1 ón ~ ctd diendo 

t-E.:.cción 

C::tC.-:. l- Vi d.:: 1 G m :i d J e'' de· .. 

¡:.H 7. Li: 

c:.on .:<tE.-·brJne..~ ~€ Lt:.é 2n1c.·1·t:::..gu.=:•.o=.• -:-- i!::"-HCJ '="'~' m!'í. pH 7 .. 0 .. F'~tt·c· le. 

TMPV C1"1.:Jf:•.s2. :E-t-· 1_1tJ..l1::-6 2.r..:::-·:·~1c;::L1.:.-:-ic.1· di:o- T-c·~..;:c\to==.:. t:) .. 1 M .. pH 6 .. 8 V 

c.. .. !nactivBción de lt?. LtbiqL1inonc=-.. .. 

Tr· e~ <r, i J. : 11 .. _ 1- -::_.-:;:- de,-

tcim~1-ari 

de TMF'D 

5. ANALISIS DE CITDCROMOS. 

los 

ni~r-ó.;:1f""· ;-,::_, J.í '=''-'.1 de. ! ·i 
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A. Espectros diferencia1es. 

Las c~lulas enteras se ajustaron a una densidad 6ptica CD.O) 
de 30. se sonicaron por 45 segundos y se registró el espectro 
diferencial en presencia de 0.1% de Tritón X-100. 

membranas se resuspendieron en amortiguador TCM y Las 

glicerol al 30%. Los espectros diferencie.les se realizaron a 
arr1b:i ente en 

de nitre.geno 

celdas de 1 

}'. quido !77 Kl 
cm 

con 

de paso 

paso de 
de luz 

luz de 2 

y a 

mm. 
temperatura 

temperatura 
Todos 1 os espec¡:ros se hicieron en un espectrofotómetro 

SLM-Aminco (Mod. DW-2cIIl. 

Se usaron como reductores ditionita <unos granos) y NADH. 

succinato. rr1alatc- C40 m.~) y ascorbato-TMPD. (lOmM- 0.1m.~l. Las 

membranas se lncubc.ro:-i. 20 mlnut.oE' (con N.h.DH o TMFD) y 40 minutos 

con (succincto yp rr1a.1at.o). antes de registrar el espectro. Corno 

oxid&nte se u~.aron ±:ieYsulfc.to d€::' amonio 

(agitación vigorosa) 

(uno~ granos) o &ire 

Las concentracione=: 1 os cite.cromos se determinaron a 

partir d:ife:?.-enc1e:.1e= t ernpera tura 

ambient~. Lo=: coef:icJeni:.es de- extinclón molar CCEJ'°1) que se usc..:ron 

pera cada citocron-1c• fueron los sigu:itntes-: (JoneE" y Poole. 1985). 

citocromo c:.c.
3 

citoc1-orno C-

cii:ocromc e 

citocromo e 

B. Comp1ejos con CO. 

16 _ 6 rnl'JJ.-
1

cn1-
1 

( 603-615 nrr1) 

20.0 

19.0 

8.5 

•· C 563-575 nml 

"(550-540 nm) 

"(630-650 nm) 

Para observar espE:-cí fice.mente c. los c:ltocrorno oxidasas se 

hicieron los espectros de los complejos cit oxidasa reducida-CO. 

Las membranas se resuspendieron en amortiguador Tris-HCl 1 M 
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pH 7, se agreg~ ditionita • 12 celda de re~~r~ncia y a la de la 

mue~tra. esta última s& burubuje6 con CD J:1C•1 

determinar la cantidad complejo o:: i dasa-CO 

sigLtiente:-. CEM: (Janes y F·aol.:-.. 1985) .. 

-. minLttos. 

se 

Para 

los 

complejo Ei::;-CD 

carr1ple_1ci c:r-CO 170.0 (417-4~0 nmJ 

C. Espectros de oxidaci~n. 

En eEte tipc d~ ~xcerimEntcs s~ deter-mi nó cantidad de.· 

pL1CdE·r1 n1embranas 

F1-ifT1E.·t-i::· l .0.1::: mE-mC,1-~·nas. se· 

(hlADH 40 

que· 

pc..s21·or1 c. cs.·1 cl~-s r·.¿ t-c;. 

D.Extracc10n de nemas. Cuanti~icación del cit 

e.e•-.·¿. 1 E.·nt .-:?m<=:nt...F. 

m!"'i en 

j 40 .. 0(l(¡ 



sobt-e:-na dante 

se eMtr~jo can acetcne Acida !lO volúmene5 de HCl en aceton&. SE 

l nc:Ltbó pot- 3t) minutas cor, 

c .. Est.E-

D.1. Piridin-hemoc~omos. 

y SE~ le::- ::;.91-~;_·ó 

de 1 c. mue=='t..•-~ 

D.::. Fraccionamiento del 

d;:.::.· 1 r· e: ~-r_. 

e E:o ,,'!_ ~· :i -f \..,_,.;.et i::-.t-, 

e<gitt=<C'i6n <Goc:•dhew .. 

pc1T"-

c..rr·.:.•r-t igi_,;:. .. dD1- TCM 

L.tn<;,, 

~1•.,.: :i COF:I>. c..o1 L1mn::. 



amortiguador selino (Tris-HCl 25 mM pH S. Trit.:'.::n X-100 0.25%. 

NaCl 250 rnM> y se eluyó el p1co de absorbencia. Les fracciones 

correspondientes a éste ~áxirno de absorbancia s~ utllizaron para 

:realizar la electroforesis. (Garc.i.a-Ho:rsman . ..-.t al.. ~1990). 

D.3. E1ec~roforesis SOS. 

Para la electroforesis se usó el sistema de Sch~ger y Von 

Jagow (1987). 200 µl de muestra se mezcleron con 100 µ1 de mezcla 

de digest1ón e SDS 10%. glicerol 

bromofenol 0.005% y Tris-HCl 

30%. 

50 mM 

mercaptoetanol 

pH 6.8) y 

4%. azul de 

se incubó 

temperatura ambiente de 1 a 12 horas.La composición de los geles 

era la sjguiente: 

Ge1 concentrador: 

Tris-HCI 1M pH 8.2. 

SDS O. 29¿. 

Acrilamoda-bisacrilamida 4%-0.1%. 

Gel. separador: 

Tris-HCl lM pH 8.2. 
SDS O.!%. 

Glice!'"oi 13~~-

Acrjla~iCa-bjsacrilamlda 16%-0.47%. 

Amort_j guador anódico: 

Tris 0.2 M pH 8.9. 

AJTlOr t .i guador ca1...6d.i ce: 

TriE 0.l M. tri~ona 0.1 M pH 8.25. SDS 0.1%. 
La electrofor&sis se corrió 30 minutos a 30 V seguida de 3 

horas a 100 V e ~e:ri.~·e:;atura arnbiente. 
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Tinc:iones: 

Coomassie: Después de la ccrr-id~ el gel sLtmerqió 

solución ~ijadora !matanol 50%. á.c: i. do :?l.Cét !.C'=i 10%) 

hora. tr3nscurr1do el tiemoo. el gel se sumergió en l"' solución 

de Coomassie !ácido acético 10%. a:ul de Coomassie G-::so o .. t ~·:> 

aurante boda la noche. El gel se destinió 

.1.o-=o h·.::;i-·· _::...:; .. 

1987). 

Bencidina: Al t..;a.i-mino 

en metanol: aca~~tc de sodio o.=5 M pH 5 !30:70) durance toda la 

noche. Al término de la .:.nc:1_1b2.ción 

concentración d~ =6 mM ~ ~a incubó cor 1-~ horas. 

el gel se lavó con L~ooroo•nol: acatato de SOdl.CJ 

<30: 70> t1·-i::-s '.tec:=s .. ~·Joodhew .. &t: -s..t. ... 1986) 

D. 4 .. Inmune 

nitrocelulosa. .. 

tra.ns-Ferencia de prote.1. nas 

0 .. 25 M oH 5 

papel de 

Después de cor••r la electro~orasis en SOS. 21 gel s~ incubó 

en amortiguador de crans~erencia CTowbtn. Tris-25 mM: glicina 192 

mM; SOS 0.1%: m~canol 20%) oor 30 minutos .. Pos ter iar-,n.;:onte., las 

a nitr:or.::elulas:3.. 

trans~erencia se ll~vó a cabo aol1cando ~50 mA 4 horas en 

amortLguador rcwb1~ !."?77) - Lln 

gel se tif"iió c:on :;... china y Ott"""O se reveló con _ ... nt L CLterpos 

_~.n t.2) • 
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F'at·a comprob.:-.t· lt.·· espE·;::i-Ficidsd de la c::ru==- inmunológica!' se 

hicieron v•rio& contrcleE: 

e: ori crudos .. 

control po~ i.t~ va .. C::rL\Z'S 

inmL,noló9ice. can c1~<::·c:.!-c....•mo e dE: bc."'~'1nc1 y c:ori c:omC"+lEja be: 
1 

PL\ro .. 

Como control n~9~~,~~. ~~ usó 2lbumin2, per5 

cruces in•Epec~~Jco&. 

Clbservar- si hab.1.e 

Tinci~n del papel de nitrocelulosa con tinta china. El papel 

NB-P 10 mM pH 7.4: Tw~Er-~C o .. 1-:.·:) 

Tinción orote:i. n? A-OY-O .. EJ. 

dr:.-1 

F'?-5-TvJE-'::"l! pe:.:· -:: E-r:·=--··""::::: :- .;;,. -:::. L' ,. 

6. OBTENCION DE &ACTERO!DES. 

46 

c..iE 

.inC.L.'..bó 

.H FC 
2 

diSL\E:"lta en 

t..emperst.L\:·a 

la-..'o con 

n:i t t·c.:;-.;:_ lu1 c.·==· qLte 

se· volvió ¿, 

40 

ed¿..d 
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4°C. El homo9enado se +iltr6 a través de 3 capas de g~se. 

En un tubo de 50 ml d~ policarbanatc se colocaron: 24.5 

percol: 3.5 ml 

7 ml de ague v 

de amortiguador NaCl 

1 ml del 

1.5 M. KH PO 500 mM oH 
2 ' 

En esta~ condiciones 

ml 

7.6: 

LoR bacteroides quedaron 

en le +racci6n C (ver +ig 6l. é$tos +ueron colectados por succión 

con une bombe peristáltica. El percal +ué elim1n2dc d1luyendo los 

(NaCl 0.15 M. KH PO 500 
2 4 

7.6 v lavados con amortigu2dcr TC~. 

mM pH 

Les bactero1de~ +ueron scnjc2dos cor ~ minutos, en pulsos de 

1 minuto antes en=imát1cos. 
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FIGURA 6. 
CCFN42) usando 
di. as de edad. 
citosólica; B. 
precipitado de 

p www 
---0 

~:ji 

Obten e ion de :l:.•ac"t..eroides de Rh..Lzobi.1..UT". phc.seol. 'L 
un aradiente de Percoll. Se partió de nódulos de 21 
Las - fracc:iones que se obtuvjeron son: A. fracción 
reRtos celulares de la planta; C. bacteroides; D. 
alta densidad . 



RESULTADOS Y DlSCUSION 

1. MEDIO DE CULTIVO. 

Rhi zcibi a son caoac::es de cree.et- en varias 

una de éstas a~ecta la expre5i6n cualitativa 

condiciones'!' cada 

V CL\ant i tat i va 

las prote~na• respiratorias. otras en=imas-

de 

y 

de 

y 

Maj_e1- .. 198::': 1989). en el oart. i C.L\ 1 ar 

e..c::et·ce de la ot· gani ::::ac i6n 

regulación oel Sistema Peso1rator10. asoec1almente en vid~ libre. 

Far lo t.:..nto .. de e=.tud10 del Sis-t..ema 

F:espi 1-.:..tor-io dec:: d:i6 c.orid1c::ié>ri é>ot 1mc:-. de 

t:.·c··· le :. ¿,r,;_ e de:ebe 

,:::;_o,i-.e-,~t::.::.,;; ·CF\..i.:t::~ e_, CE.-:.) ~ue1-c1r1 1r.oculad~s 

n1ed i o~. cori 

P-f1c.ierite-= 

1 a.s 

T=-.blc;. 

con ... ·t:?:n1en~e:nEntE:- d~t;:11-2dc:.. Ert ot~·c-= ~-,-,.:; .=c.b;¡ urr ... se 
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TABLA II. CRECIMIENTO DE Rhi.zobi.um. ph.aseoLi. EN DIFERENTES MEDIOS 

DE CULTIVO. 

MEDIO DE CULTIVO CRECIMIENTO CDO ::>._ 

CEPA ----·-------------------------·------·--------------CFN42 

PY (paptc~a. extracto de levadura. 
CaCl 

2. 

- MG lsacaro=a. e~tracto d~ levadura. 
fosfato mono•~ido ~e potasio. sulfato 
de 2.rnor-11•=•~ y =~.le::z ' h1dr·=•l 1=~·::!·=· de 

3.5 

2.0 

0.5 

IJ.5 

1. o 

540 

CE::-< ------

3 .. 7 

:3. o 

1.8 

0.8 

i:1.6 

1. ::-< 



". 

\ !. 

•ugerido que la incapacidad de degrsdar la ••carbsa se enC.Llentra 

en la. r-eacción dE c.anver5i6n:C1e le. s?c?1-os,:.. d. -F-rL\Ct.osa 6--Fos-Fato o 

en Ltn oe<sc:• 00Ete1- iot- <~:t-ieg. .,.. Ho~m;;....r. .. 1986) .. 

Pot· l ~de· .. algLtnoo: 

•=úcsres, come el m•nitol. que DLied~n utilioarE• por la vis de l• 

he~~o=e:...._ mc•r1o~c:·~-fc-t.o (l:r-:;:eg :.· Ho-Frr.an~ 1986) .. 

Los m~dicE n~ ~erm&nteble~. ccmc el f'Y lpeotcn•. e~tracto de 

(r-E.>gjstrado 

cepas ~==-tLto:c-·des c1clc. 

~unc:ionc·l .. el CL~él le~ i:.,e~-m:íti..:· c•-E-c:e~- e---F:ic:i.ente-mE-nte .. lom¿;_r,do en 

2. Cepe. 

1. Expresión de- citocromos a le le.rgo 

CE-:. J.c... ei-2· 

F't-..·.=cb.=.:-. 

le 

del 

e:::o rE·s ióri 

e 1 med:ic. 

del 

de 

c:recimiento .. 

p~t_1_1 d J 6 



'"'':)< 

1. 

\' 

similares a los de la c•c~ CFN4~. 

F'at-a c::onoc.er- la. e~:or·e;-;16ri de los 

SF:~ en espec.:1~1 el tipo de o:: i dasas 

diversos 

QLle se 

componentes 

pt-esent<:1.ban 

del 

en 

lvid• librel. des ~actores ~ueron tomados en CLlenta .. 

En orimer lugsr. la etapa d~ crecimiento en el C:.Llltivo aerobio .. 

l• cual est• determ1nada oor la cantidad de nutrientes del 

v por otro l•do la tensión de ox~geno. 

medio 

A. Cu1tivo aerobio. 

La bacteria se cultivó aerCbicamente hasta por 30 horas con 

•ereaci6n vigorosa. tom2ndo muestras del CLlltivo en las -Fases 

y ta.rdi. a. pare.. 

analiz~rse Espectralment&. 

P·=--=·tE"t· 101-rr,c-rite se 

() .. 1 ~':. 

(4 

6(,:::_-. nrr.J 

C.1 .. 

E:~,-1..-EC ·..._c_¡:-·,c-..!-12<:· 

il:.. =c.· 

5') 



A 6tz:5• . ... ... ~~~ 

: • 1 

e e -e ·~ 2.c. 
... :,.J;:;~ ~!!': 

~24 \ 

B 

____________ ---o--:' .... ~ .......... .. 

20 

o.._~_6,..__~9e-='-',oF-~,r2~-..,.,4~~,r6~-,~e~-2~0~~2~2~-2-A_¡ 
HOURS 

Figura 7. A. Curso temnora l de ia ezpresion de los 
cjtocromos de P... p.~c:..sec'Z.i <CFN42-) durant-= el crecimiento aeróbico 
en medio PY. Las ce iu1 a= íuerc-n co:::::echadas en los tieI'!"lpos 
indicados con flechas.lavadas y resuspend1das en arn0r~i9uador TCM 
a D.O de 30. LoE cél~laa se sonicaron 45 se~undoe en presenc1a de 
0.1% de Tr1ton X-10~. se redu3eron con d:~oon:ta y los espectros 
se Y-egistrc.Y-on co:l~:r:::: 1a reie::---=rlc:_=.. 0:·:i-:!o.::a coL e:.:;.r-:- a 
ternpera."t.u~-= arri.!:,1en-:..-e-. 

B- Concentracion relativa de c~~0cromos a lo largo del 
c1-ecimienLo ae-rob:ico C.-:= F:.pt--.. c:=e:-cl.1.. l...o. co.n-:...::do.d r-ela.i:.iva de 
citccromos se calcule a partir de los espectros de la f1~ura 7A. 
usando lo: CEM pa.:-a cada cii:..ocrorric (· .... ·-er Ma.":.erie..les y Métodos) -



" 

(pico a 56Cl nrn> .. 

La Fi9. 7B muestra la cantidad relativa de cada\ e itoct-omo 

con respecto a la ~ase de cree imi ento- En términos generales 

puede 

laga..rl..tmica 

la o:-:idas.a aa ,. 
de crecimiento 

estacionc..t· ic?. 

-FLtncionó pre-Fe1 .. entement.e en la 

med:i dc.1 que 

l • conc.entrc..c ión 

e 1 

de 

C:Ltltivo se 

l é-. en::ima 

disminuyó. De igual manera. el cit e ~unc1onó pre~erentemente en 

las ~ases logar1tm1ca v estecionaria-temcrana. 

El cit d er. c.=-1mbia .. se:- encont~-6 pt-ácticamerite au5ente en el 

crecimiento logar1tmico temcranc. pero su inducción empe:6 en la 

T=ase logat-.1.tmicc:.. "t..ard.1.:... .. :1endc• SLl e:-;·.pt-e~:ión má-:1ma en la T=ase 

C:Llal se debió 

t 1pc1 b .. de 

GE'·nrtis .. 1 987): 

c:..delant.e- .. 

esta:-.c. ian.::..r-i¿.,-t¿..~· dí¿.._ e::-;:¡=·r·t~'!:á1-,dc.::.;;:;:- cc:,nc.on1:i ta.r.tE-me:-nte- cor·1 E·l e it d!' 

e~t.a t-esL\ltó in"t:.E:1·;:-~c,..r,t.e -....~- OL~E:. ~·r:,c::~ ~mbo5"'. 

jL\nto e- on 

CLl.:O.ndw e} e 1-t. o +1_\nC ion.:. e::-n 1 C.· -f-2'=.:¿· a.E-'~··ót-·:i ce. <F-·ool E·~ 198-:.J Ne, se 

:::=.o:·f"i¿.} E.·S. 

de- e·sc:it=-ct1-c: qLlE 

l e. 

Ja 

E•] 

de 

los 

CFN4~ do:;:- -Fe.se;. lc,gc.r-j_i:...mJ..cc-.. <4 t-101-;::.:s.i y de -f-.:•E",E· est~cione.r-ia-ta-.r-d.1.e 
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A 

·B 

~º+~· 

_, ' 

.. , .. 
1 

..... 
' ' '-

,;5z 
1 

Red con: 
Oitlonito 

--- NAOH 

Z4 h 

Figur-a a .. A .. Esp-ectro diferencial (red VS ox) de membranas 
provenientes de cultivo =.e:robio. fase logar.!- tmi ca de ere e imie:-ito 
(4 horo.s) d¿ F-.p.,.:..::::...&ecL-..... La rr1ueEtra <5 mg de pro"t.eina merr.2:rre.nal ) 
se redujo ccr1 d.i~10:--.i-c..a _ -el <eS?ectro se registré contra la 
referencia oxidada con aire. 

B.. Especi:.~o diferencial tred VS o:-:) de metr'..:Oranas 
provenien't..es de cul~ivo aerobic~ fase estacionarió ta2-d!...a (18 y 
24 h) de R.. phc..st:oL i (CF~42). Las muestras (5 mg de proteina 
n1embrenal) se redujeron con ditio:-iita y seregistraron contra la 
referencia ox1dada con aire. 



<18-2~ hot-as) el m1smo pei.trón de 

esoec::tros; En la c:rec:imiento predominó 

di::-1 c::it c.it e nm) en la 

con 

<;.E· c.1-E>::E-~í1 .... _6 ~l ve 1 le 2' ¿ .. z::,o nm. que ecz, 'l ndi C:. C.lt. i VC• 

GE·r:r-, J.~.~ : c.·2: 

B. Cu1tivo microaero~!lico. 

cc.rid1c::1ones. 

cit 

de 

1 C• 

OE 

del 

c:.on 
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. ·~ 

A 

B 

1 
445 

... 
' 

.... 
' 

e 

!="!GtfP~ 9_ A.. Patr~n de reducci6n de los citocromos de las 
membranas de P...h.izobt.urr .. p.~cr..sE-"oZ.i {CFN42) cultivados f72 h) en 
condiciones microaerof~licas en medio PY. Los espectros se 
realizaron de la misma forma aue los espectros de la Fig.8. Trazo 
A. d.itionito: B. NADH 5rr..!-1: C. -succino.to de sodio 40 m..-iv;; D. malato 
de sodio 40 mI~: E. ascorba."t.o-~1PD 10 rn!J:;-0.1 rn!..t;.. Lo~ espectros se 
req i st.rar-on a tem"::Jeratura arn.bi ente. 

- B. E.:pectro -diferencial de lo~ complejos oxidasa-CO de las 
membrana=: pro~ ... 1en i entes dE:: cu 1 ti vo rn:i croa ero f i 1 i co. de R. pho:.se-o l. i 
<CFN42). La muestra 15 me de proteinal se redu~o con ditionita y 
se bi_irbu je6 con CO por - 2 mi nut...os. El espectro se registró a 
temperatura ambiente contra la referencia reducida. 



1 • 

(ver taffibi~rlmas adelante). El hecha de qum el CJt - se redLtjera 

con sustraLos ~iEiológicos es una orueba de qL\E' es Ltna en=1ma. 

Cabe mencior.c..r OL\E" Eri lo:. espe-=trci:. con el 

las con NADH. 
succin•to o maleta !ver Fig. 9A v F>g.13) Este vall~ se atr-ibLtye 

a la p~esenci• de ~l~vcprcte~nas: en el casa de lo~ espectros con 

NADH .. suc:c.ina.te: o puede la 

des~1i d~-oc;e:r.e_se coi-t-E:-=·c:indJ entE. SJ r-, emt:•C•t gci. c-n el cc-.~o dE:·1 TMPD!' 

SE' ~·ad!.:. i:::•_19er-ir 12 pt-esencic.. dE· L\n& -F-la..vopr-ote1.nc. en el seci:..or 

tE·rmina.) d.::- 1 e- c.e.dt=".:r,,::... tr-2.nspor-t.::..dc._.,-¿, de electr·one>s.. L¿, 

F: ... phélSEC<] :i se 

Ot1-:•. r·1·uE:::·b¿-. 1ndi cc.-t lVC:· dE- quEo E"·l c.1toc1-c•rr1c:• e' e.•-: Ltr1c. en::ima 

CD. Cor.de 

(ciico 

d--CO (-;':• i CC• 

Tc\t:•l ~ 

et .::\pe. 

V al 

ct-E·c1rr.:ier.t·::.· r:.:.i:.... 1·c::,2.c··a-fí :!. i:::::c. !--.¿.-,· 4 v~ces m~s citoc~omo d y b 

._J . .;;. 

c::it a.: se- e~~pre·:..6 2 

" 
veces más 



TABLA rrr CONCENTRACION DE CJ:TOCROHOS DE LAS MEMBRANAS DE CELULAS 
AEROBICAS Y K[CROAEROFILICAS de Rhizobi-urn. phc.secli .<CFN42) 

CITOCROHO 

e 

= s 

a,.-co 

o-CO 

runol de herno/rng de prote~na 

FASE EST ACI ONARI A C b:> MICROAEROBIO Ca:> 

0.23 0.6 

0.085 0.059 

0.05 0.03 

0.113 0.20 

0.07 0.02 

0.02 0.01 

La concentración de los 
espectros diferenciales !red VS 
CEM utilizado~ se encuentran 
Mét.odos .. 

citocromos se calculó de 1 os 
Los 

Mat...-eria1es y 
ox) reducido con 
en la sección dé 

d:it:ionita. 

a/b es la relación entre- la concentración de 
membranas microaerobias con respecto a las aerobias. 

cit de las 

2.60 

0.69 

0.60 

1.80 

0.28 

0.50 



en el cr~cimiento aeróbico. 

apa1-eci6 

un p1cG a 47= nm. La iden~id~d de se 

má~'.im?o;::: banda$ 

t:. o e .. 

tc...mb:ién cc.:-1 

-Fic;::ioJógicos .. lo OLtE· indice SLl pc,~_jt..lE t:-•E'lr·t1c.1~e;;·i:..i6r, er1 le\ cc..dt--r.E< 

re:-sp i 1·- .:.tor i ;:::> .. 

C. Actividades Respir"'&.torias. 

fTIE"íi1t::.1 ~· r.c:=<.'::'." mE·rnt-.1-c-nc:: 

me:?.r¡1b1·c-rt?..::· 

e! 

Ct;...1í1~t C=-rtt.t:.'5... .. 

De•hidrogenases- €:-í'•= c.::·+_ ··o =-·-'-V..:-= e,_· l.J.'-.[':-.¡ .. .... 
,_. ;,.:= .::::·· n ele· CC•fl:~ 

e·-· er,+_ ¿, 

n•~L!-~-!.:-: e::-;-·: -;-tc•···1:::_¿.-,'11 c.+,_:.::.··,~-_:. ¿-,:::;:_·c·~S-·t· .. ~~-:-=-~ o::C•I• E:n g-<:·nt-·1-e} .. 
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TABLA IV. ACTIVIDADES RES!'lRATORIAS DE LAS KEMBRANAS l>L 
CELULAS CRECIDAS AEROBIA Y KlC'ROAEROF1LICAKENTE DE F;:,>,, ""obcu."'" 

OXIDASA1 

NADH 

Succinato 

Malato 

Ascorbato-TMPD 

DESHIDROGENASA2 

NADH 

Succino.to 

Malato 

phc.::E-c.:' C CFN42) . 

AEROBIO Cb) 

300 

40 

50 

100 

1200 

134 

200 

MICROAEROFILICO {a) 

673 

100 

87 

200 

1519 

134 

250 

1. La act.ividad es't.-4 E-:-1 nc.t O rr,in mo 
2.. La act:ividad -est~ en n.-rJoles de f€rr1c1anurc· red min- 1 mg-1 

ei.. Celul=.$ cy-tc::i.da.s mic-roa-:y-ofl.licam-:-nte 72 horas. 
b. C•lulas crecidaE aerobicamente. fase estacionaria tardia. 

a/b 

2.0 

2.5 

1.7 

2.0 

1. 3 

1.0 

1.3 

a/b. RalaciOn de actividades respiratorias del cultivo microaerof~lico 
con respecto al aerob10. 
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1 C• Ta b J '"' J. E· .:..c·L j · .. ·:. Oi7• el E-~ r:,t·á.ci.:ic.,:-.r..r-·r,·~.t-' )¿_;, m:ism.;, E·n e:-·} cultivo 

ac r· o b :i e· c ... 

C•r1·I_ i:;-~. 2.c:.ti·,,:j d.:-..d 
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D. Resi~tenci• al KCN. 

l<Cr-1 .. CJGt- le. CJUC Se? Cc:•m:::-.-:::.:..:-6 l~. S.'E:•<•="lbJ. id.::-0.cJ i:.-... 1 1:·cN dF.· /11E::-í11br·2.n2:::::. dE· 



inhibic:iór, 

dL ir-1i1·,l_,J:..:..::ór,. F'c:··· c•t1·D 1.:-clci~ cc·r·· 

fi,j ·=-t c._.o:·-::-~·t"C'-Fí} j :--~¿~;.:. 

d-::. el 

e--=- :!-C. lf·i.-t."== 

f':"l~'·fl· ::.· ! ·- -. :-=: : 

..-:· ~:...· r1:..:.. : ~.} ! 

Clt.1C l C:· 

r: ,-,. 

¡;11;;, IT1 :__. ¿ ... :é _ 

lo(:; :::· ···l. :. r-·1:. e_ e. · e•·-··- e~, c.i•- ) D:: 

e->> 
3 

. <--C:=-· ;:::- !:.• • ,_-.;:1,_rc :-:._ : t .r-, .l :. Jór-. r·á:: c-i-

-:.--.· .. ':"·-: .;, ;.. 

~-- µ 2,_,._-. ¡--,, 

.!d.=-c:· c-n-__ 1;;~ -· µ'· 

..:: : t.: L ~- ,,_,:::. 

L\,...· e=- = .::..-::.· 

·E: •. • ci:!:--1~e:~·s,r.1-:0--:1. 



KCN l .,..M 

FIGURA 10. Curva de titulación con KCN de la NADH oxidasa y 
o.scorbato-TMPD oxidase. dt- rr1embranas de R. ph.a.s1?ol. i (CFN42). 
obtenidas de células de cultivo aerobjo fase loaarítmlca o de 
células de cultivo rnicroaerof1 lico (1 mg d-e oroteina. de 
membrana). NJi..DH 5 rnM: é.scorbatc1-™-PD 10 m!-1- 0.1 m..~. Símbolos: 

-e---<> NADH oxidasa.microaerof.1.lica: 0---0 ™PD oxidase.. 
microaerof1licc: ~---* NADH oxidasa aerobia: o---o TMPD oxidase. 
aerobia. 



cuenda el citocromo d se encontreb~ 

E. Rami~icaciones del SR. 

CC•l110 l" 

ec::;..pE:-c:. i e\ 1 m~r.t~ 

p1· e=-eni...e .. 

dE l 

de-

mient. ras Cl Lli.. i ... 

t.t··.:-nspo1·te:- de 

detEc-rmin;:.~·cin lo; "c..:ic.a:= de- c·~:id?c.jón" .. ~~~pe-1-imt=-nt.o con: iti6 

en le' =--i Q!...~ie·n1....e: 

la== 

tiempc. :e ::.·q1·-:-..-qó 

oe:.·1··m;;:.ne·c::i~..:.-;-'ldc· }¿.. co:.~ld2 di:o- 12 DUE 

C.::.\-•C~·dió ..;,,_1é OL'E ) ...:;..: 

12-. 

d 

i:•t-:=•·¡110.;--,~:..=:.•: e·-. t:1 2 r,ci¿- s 

Clf:- :::· "i. c:r_-;.. r··=-· .. 
de-

o-:: 1 

.;:Ué 
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FIGURA 11. Efecto del 1--:CN en la oxidación de citocreorrios de 
las n1e-rri..branaE. d-= F:.........,i.::::cbZ:u~~ phc.s~ol.i <CFN42) obtenidas de cultivo 
micrc.•aerc-=.!. l 2co. Un rr1c de prot..eine:. d~ mern.brana SE- incubó por 20 
min cor1 N:..:DE Srr.J-..:. a las conct-ntrac1ones do: KCN indicadas en la 
'figura. Des~u~.; de ia ir..cubacion ias merr,~ranas de ia :referencia se 
agi't.a?-on ..... tigorosc.mente y poste!"":iormo:=n"t..e. rnu.estr-c y r-eferencia se 
congelare~ a 77 K. Los especLros se regisLraron a esta temperatura 
en presencia de n2trogeno l~quido 



la medici6n da la afinidad por O de 
2 

con c~~geno. además del enál1s1s especeraJ an pra~2nc1e de CO. se 

e~. 

~f1nic.1<::<.c1 a. (.1 <;::·1.~~-=l·~n (~~st.,::.r- =:-c•t:•r-e- .. ~z1: 1rn~•.Ci•=·~ F·or lo? 
z 

1_.ir-, •=•=•rnF·c•net·1to:;';! d~~ t: •. :"' J-3 2'1-J.t-11.•::::la.•:::1 P•:•r o·:·i';:l•~nc1 ~~:.rr. o.pp = 7·::-:.=:o µ\"1) ~ .. ,. 
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1-10 µM; esto utilizando NADH <Fig.12 Al o rMPD <Fig. 1281 como 

sustratos.En condiciones aerobias, fase logar~tm1ca el componente 

con Km app de 10 µM corresponde al valor P•r• 

o. C;uan1:1ea el ·=it. d est1.J· .. to F·r•::se1··1te,. i..· .... ·~~r- Fi·;:J~ 

L2<. :;;_ ~ .rn o.pp F'C•. r· CE•. 

10 µM y entre0.002-1 µM. respectivamente. 

lc:is ·=··=:1.c:IB.::::-as a.a 
3 

1:2 L'.i) .::1 '.,.'<:o.loi--

El primer componente t~m app = 72-80 µM• e3 21.Tin 

µM.',. 

I_) 
2 

'. I. rn 

di ·fer·~r1te 

é<. l ·;i•.Jno~-

o.pp 7~. 

2d·~rná.s 

pr eset·1tdt-ot·1 1_.¡n co.::•rnP•.:·r·1e1·,te •=c•n ~':.rn:::: 1 -:::: µM q1_.1e p1_JE!•::1e as.o•= i a t- s-e a la 

presencia de cit d. 
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FIGURA 
desaturocjór. 
de R.h.i.zobi.·LJ.:'1'~ 

se 
~e 

incubé: en 

12. Curva E de Eo.die-Hc·:fstee de 1 as cine't. icas d-e
poY- oy;ígenc• d-=- la !~F.DH y TI.JI?D oxidasas de membranas 
phc..se::-01.i. CCFN4:.l. 0.5 a 1 mg de prote~na. de merr-hrana 
3 ml de amortiguador de fosfatos 0.1M lpH 7.4) a 30 

!para de~a:les de la 
A. NkDH oxodasa. 

cultiv<:.• ae2-01:-ico. fa=:e- ic·9e..r~'t..n1::.c~. 
B. TIYI?ü c·x:ico~c.:. .10 rr.:1"': do::: 

l"lE=-mbrana= p2·c,· ... ,.-cr.J.eri't.t::-S CE c'..l1L ~- ... ,,.,:. c-=-!·c:::·1c·. 
C .. Ac;:.1-...,·idc.C.. de ci~cc:rc·r..c· 

del cul t1·-."e:. 

(1 . l 
faEe ioaar1tmjca. 
Memb~an~s provenientes 

m~ de prote1na de 

asco:rbc.-.... c. ::!.C n:J·':. ~e c.::-:.:.· .... ·:::.=s 2€- -=-~·-:.e!-:-r::.:-1~ €:-r-i c:.r.;..:-.yt...::.i;;uc.dc-!- HEPES 
C•cidc N-2- hodr0~oe~1l pepe>a=ona- N-2- e~anosulfc~ic0l pH 7.~. 

D.. 1-,;;...D::. ox~C.e.se:.. r...:::sr:-ic.~· c~.:--~-::5..~c:::?.c.·:-~e::- o-=- rneC.ic~cn qut 1-.• 
Merr~branc.s p!-o··.-·e:-.:ie!'"ltes d-=- cul'":.i\/O c.r1er:::::·;:,:.cc.·. 

E .. NhDH c:-:id.ase:.. n-.J..srnaE" conC.::.ciones C."2 rr1ed1cj6n de A. St;: 
usaron 1-~,..,~:.Lg' d~ pr0t...e!- ne de bc.ct.eroides son:i codos. 

F .. .i..!.v~· C•:>:::.dasc.. La= rr~1srr:.a.= coriC.icjc.nes que C. pero en 
presenc::io dE- de o."t.eb'!--ina :2.::' !!'.F .. 



Km app por o~1g•nc de 2 µM usando NADH 

sustratos. Por lo tanto ..,1 componente 

ou1geno se or~sent~ba pre~erentementE en 

siendo en le< condición 

supuesto .. 

G .. Inhibic:i=::::-n c:on atebrina. 

Peore. conoce1- le\ natLtt-C<le=a de· la 

ax1geno, sn decjdi6 probar un inhibidcr de 

de 

le. 

12Dl TMPD como 

baja a..f=inidad poi-

concljcjór1 8Er-obi~ .. 

coma SE' hab1a 

debidC• e.. qut cl1chc, cc0 mr-._,or1i:::-nlc:- I:•C.•dt·1.¿. se1- Liria -Fle.vopr-c•-tE.1.na .. PLlE-5 

tipo 

de· IMF L· ( r-- i e .. 

SE.-· C• t" c,t•ó 1 ,:;;_, au :i n.:::.c •· 1 r··,c.-. '::: t et.·1· 1 r1;;;. 

&.n:: 1 j :·.· 

·t . .:.:· r-.to 1 "' 
;j"- :._~ , .. ,.-, .. e,. 

1 ¡-¡~··,J. t..::. ó ·::JE r·,-:_ 1 C.· O•: de.•:.: 

Fig .. 14~:) .. 

io1hit:.1c--ión 

ShE.~' i ~-e.o.. l S-·76) mj1;;--:nt1-a:=, que 
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1 

FIGURA 13.. Espectros diferenc'iales. red VS o>-:. de membranas 
provenientes de cultivo aerobio (B) y anaerobio <A) de R.phcsecL~ 
C CFN42 ., La reducción se llevó a cabo con ascorbato-TMFD C 10 rnM 

0.1 mMl. 20 min de incubación. Nótese el valle a 455 nm en el 
espectro de las me:mb:rano!3 aerobias. 
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FIGURA 15. In~ctivacicn alcalina. Actividad remanente de las 
actividades resoiratorias despu•s de la incubación a 40°C a los 
pH indicados en- las fiauras. 

A. Efecto de la- inccti· ... '"<=c:icn alcalina sobre las NADH y 
ascorbét.o-TI·ll·I:, c:-:i:!é.=::e:.: dE:- }as n)embra:nas o.erob:ias. fase 
e~.t.aciona:ric de ;;__ ¡= ... l.-... ~se=..¿ 4· CCFN42) La óct1vid'°C. de las dos 
-e-n=irnc.s fu.? de-:.eY-:nJ.n:s-de: :::101crc·aY-b.ficarr1-e-ntE" (n et O/rnir1/m9 
pi-oi...."=:!. ne) . 5:.. rn!:1

-:.· l C·~ = A---A ... f~l-.D!-l o5:I::.ihSJ-.: =---e TI.r;:~:::: C\XIDhS.Z. .. 
B. Efe-.=t.c· dé- lo ir!aci:.ivación clcalir10 sobre le. l'JADH 

deshidroaenasa !medida con DCPIPl de las membranas aerobias. fas~ 
estacior-16.rio dt- F-. p"J.-~c.seci t (C?t.;42). 

Pare. dE:-tc.11e= de- la inactivc:.ciCn alcalina. consultar 
M.at..eria.l.es. y Met.odos .. Le~ a.ct::iv:idades se rnidie-ron a 30°C y pH 
7.4. ver MaLsr1ales y HéLodos. 
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FIGURA 14. Curva de ti"t.Ulócién con cuinacrjnc, de la NADH 
o,.:idasa <F.} y ascorbai:..o-TI~D oxidase. (B) de membranas de 
R. pr-.. c:.seol. i. CCE3) obtenidas de células de cultivo aerobio fase 
es""C.acionaria C1 ma de proteina de rr1-e-mbrana). NADH 5 mJv'l; 
ascorbato-™PLi 10 In.l"Jl- 0.1 m..W,. La auinac:rina se disolvio en 
amortiguador d-: Tris-HCl 50 m...~ pH 7.4 .. Pa:i-a la Fig. B: •---•solo 
atebrina: 0---0 atebrina en presencia de KCN 10 µM. 



el tra:t..an,iento alcalino., l~ a:.ctividad de:· TMPD o~:idasa cciy6 

la cinética 

O}:i. geno can 1 as men1br-an.;._s t r<B+_ade.:=:. <pH 10- 40°C., 10 m 1 nL\t.OE:) 

valv16 a pre&~ntar el compcnenta de baja a~inided. Por lo tantc.1 .. 

podemos supcnG1 qu& E? 1 l E< en=im¿. de b¿;.,ja 

.:..-f"in:i d<3d no E.'5:: SE'n~ i blE· al tt-a.t.:.:..mie:·nto. Entonces., estos 

r-e:ulte.dc.-'5 ;ir.clic..:=:n c1ut:-. E·n C·t-JITiE-'t- lug.;-1t· .. 1.:-s:· dE-1 

tt-at.-ami entc1 y 

por otro Jede. 12 oosibil>ded de a 1eC\1 1 na. 

Eolo l~ NADH de&hidrc9en~s8 e~tA expuest~ v par Jo tanto es 

$E·nsible.·. Cc.:•mc• cc1nt...1·c1l ~F- hj::::ierc.in Jc14=. espE·ct:.r-c•<:.. di-Fer-G-ncic1le=. de 

Je.e;:, merr1t:.r-e.na'=· t...r· E•ta.dc.s .. .,.. ne..• <:!':-' encontró e..::.e:::·ctc· dE'leté1··eei 

e i tac. r CHT.os .. 

l. SL\stratos. 

De.de" OLle 12 Er,::im.:. dt...· bc._ic1 2.·f.inid.::\d pc...t- D 
2 

püd.1 ¿,, 

los 

ut :i ) :i =.a.1-

electr-c•nE.·:::. p¿:._~-.,;;.be:·:, p<::)t· }¿. d2:::hidrc•9E,nG.::<.. .... de.;_ t .... lt";PH e;-. ~,u t·u+_b he:~c:i.::1 

Fot- ct.1-c1 1 e\d=, s.,E· p1·c·C,6 ~ i ~ .. .! TMF'I) e:::-·1· c.. e:-1 dc·n¿oclor- dj rect.c· de 

la Fp e• el cJ.t e +L1r1cian¿~b.::;". con 1r1tei--media1-10 e:·n-t.1-e el TMF'D y la 

E:r·,= :ir,,._;,~ 
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Curva de sus.trato para. NADH .. Se dete.-r-minó el compor-tami ent·o 

c~nét~co de la NADH O/~d•E& ~rente • une de sus sustratos <NADH) 

rTtL\.e?S:t r¿., le, 

1 El. NADH 

Fl '-'°'vopr·otei. na 

int?Ct2-.~ o 

sonic:..:~d.:-.::o- p1·ev::and:?nt2 .. 1c...l O'....lCo E·limirió posibilid.:.d 

vesi.CLl.l<B.=: C::E1·t·c:-d=.·s cue oodt·inc'. ecz.-r_¿._t· cc..us::~r1dc· e·J, 2Llm~rita le 

CTiL~ '.-' 

2t...O rn'·/. 

CJ:~idE•b= 

Es.to 

~-f" i r1i ded 

con 

en=.irné'4. 

lo 

qL\E' 

NADH 

(la 

-F 1 ¿.,vaot·otel. n.s 

dE· 

e: ornr:· Dne_ rite, 

de 

17 

µM. E:::::L.c: :i nd: -=~· qu~· €·1 c.. it...c1c.1·.::on1::: e nc.1 -t=-un~ 1c0nc· cc•r.1c· clon2dc1i·· de.· la 

C 1 LI& en::1mc:-. pu E: dé· r·ecibir· 
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FIGURA 16.. Represe-ntación de Eody-Hofstee de la curva de 
sustrato CNADH) de la N.1i.DH o:.:idasa de R...~Lzobi.u:r.. p.>--....c:.secl.i 

A Meml:Jranas provenientes del cremiento aeróbico CCFN42). ( 1 
mg de proteina membrana!). 

B. Curva de 1 os bacteroides. Los bacteroides obtenidos de 
nódulos de 21 d.!.as de edad. se sonicaron por 3 minutos antes de 
medir la actividad. C5mg de proteina). 



directamen~& del TMPD. Sin embarga. o~j•te la posibilidad de que 

he otros ci~ e pued~n ser donadores y no al de levadura con 

observado en otr-oE sistemas y Mciii::r. 198::;., 1985a: 

Probst. Et a~.1~791 

J. Fotoinac::tivaci=n. 

Ccn Jo~ reEultadcs obtenidoE se codl~ sugerir l• 

de une:- Fo de:- .:.·lto poten::i..?.1 c::on o::.1 geno .. 

LtS?.ndo cre~~rentemente NADH CDIT1Q SL1.<::'.trc.tos. Le:- que -Faltab¿._ 

con los demá.~ 

c:omooncnte=. d~l SF:. LJn¿•. +.-.:1t·m2· de i-,c=lcer· lci e-r-e=- dete1-min2r·do si 

L\bi qui r.cir•-=-- in"t.e--r·mec!J ¿..¡·~e: E' l L •· ar1:.::-.~·c,rtE 

l ;:. ub :i au i nc·n~- 'UOl 

se 

F i g .. :i 7 rr1 :....• ('.:'."' =. ... ...:_ ~- ;:.. 

es--to 

hC:. Cí =· C· 

-F°-1.;;-.--•c.<t:·t·t:.i .. f.j_ -i= ~ C·C..·t J E : 1-r- ¿., d1:.~· lo: 

e-1 r:-::- ':.~·e-.:-:.- :··;::.''- .,_ l ,. 

~-Li·';:_ :::.· i:- .: -;_ L e i ... _ ::·:: 1·0·-·.t e e·. 

fT1En1t_.r- 2.n¿~ ~ !•C> i:-.• r·E-'S-E r1t ¿, t_.;: .. 

t ot ¿-. l ,,,.:_· r·1;,: e :.. n¿ ... c:t 1 -..·acic·= 1 Ll= 

65 



100 

........ BO 
~ ...... 
<( 
en 60 <( 
Cl 
x o 
::I: 

40 
Cl 
<r: :z: 

20 

o 
o 20 40 60 BO 100 120 

MINUTOS DE IRRADIACION 

FIGURA 17. Curva d~ foto-inactivaciOn con U.V. de la 
actividad de NADH oxidasc\;rriembranas de Rh.t.-zobi.urn phc:..seol i. Las 
membranas se irradiaron ébn luz ultra-violeta (360nrn) por el 
tiempo indicado y la actividad se midió igual que en los casos 
anteriores. •---• Membranas provenien~es del crecimiento 
aeróbico. fase estacionaria CCFN42). 0---0 Merrili1-anas provenientes 
del cultivo anaerobio. 



1 , .. 

K .. Aceptores .. L~s -Flavopr .. ote.1nas o~:idc.s.?.s ptJeden r-ea.c.cionar 

con aceptot·e~ ¿..r-ti-Ficia..les como el -Fe,·ricianL\Yo y en mL\c.ho menor 

medida el DCPIF' <Massey. et: al .. 1969) .. F'cn- otro lado. habia 

valores 

de las actividad&& lespec!alment& Pl del 12 NADH dc::.•sh i dr-agenasa) 

eran menores a los valores de laE oxidases !ver Tabl~ Vl. Lo que 

menos igua] ,:.} dt=: lo~ r::1~:'.!.d2s::.<.:: ... E~to indJce.b.:::.. QLIE el DCF'lF' no 

estab~• -FL1r1c i one..r1dc.· e: ornci Se decidió 

entonces. util1:ar como aceptar al encontr-ándose 

qLle 1 a. ac:tivided 12 NADH desh i dr·ogene.s.:.. en 

activ"id.::,d c.btE•r1id,;. cc:.•n DCFlF'. '-·' :;· \.:ec.E·;. n.c-yot· qL•F' le <::•c"t..ivid.:..d de 

la 0~:1dC:\5C· (N,~!:"JH) .. 

Las. b<?:<cte-.:·r-oj de<E ... OL~e no 

presentab~n el com~cncnt~ d& 2~1ri1d.::_...d me?-.~ 

e.E-1·6::-,1.c¿;. .. s1E·ndw 

~erric1anuro comG acector 

L. Citocromos ~ y c. 

el tipo d~ cit e y ~ 1 .:· 

dest-1i d1-ogenas8 

f=e1·t··1cic:-.nur-o) .. 

en 

cadc-:-,:.;. 

Con 

la 

al 

d~. 

R.phaseoJi_ LPE espectro~ di~Prencialee revalaban la cre&encia de 

c:itocr·oma:;;. tipc.• /:: ... lei;.; cuc:.Je~ 

~•nal de loE c!t tioo c. 

1mc1E:-di an 

e :i.. t oc r· amo-: 
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TABLA V. RELACIONA DE ACTIVIDADES DE DESHIDROGENASAS USANDO DCPIP 
O FERRICIANURO DE POTASIO COMO ACEPTORE$ DE LAS MEMBRANAS DE 

Rh.izobi'Um. pha.secl t. -

SUSTRATO 

NADH 

Succinato 

Malato 

SUSTRATO 

NADH 

Succinato 

Malato 

A. R.phaseotL (CE3). Crecimiento aer6bico~ 

ACEPTOR: 

FERRICIANUR02 

l. l. 5 672 

56 69 

B. R.phaseotL (CFN42) .Crecimiento aer6bico3
• 

200 

85 

80 

ACEPTOR: 

FERR I C I ANUR02 

l.200 

l.34 

200 

2/1. 

6.0 

l. .2 

2/1. 

6.0 

2.0 

3.0 

c. R.pha.seotL CCFN42) Crecimiento m:icroaerof.1. lico4
. 

ACEPTOP.: 

SUSTRATO DCPIP1 FERR I C I ANUR02 2/1. 

NADH 226 l.51.9 7.0 

Succinato 85 l.34 2.0 

Malato 80 250 3.0 



D. R. p!-tase-ol t: CCFN42). Crecimiento onoerobio". 

SUSTRATO 

NADH 

Succino.to 

Molo to 

376 

36 

94 

ACEPTOR: 

FERRICIANUR02 

443 

60 

256 

E. Bocteroides de R.phczse-olt: CCFN42> 

ACEPTOR: 

SUSTRATO FERRICIANUR02 

NADH 265 310 

Succinato 

Malato 

1. n moles DCPIF red min mg 
2. n moles K

9
FeCCN>., red ndn-

1 mg-1 

3. Cultivo aerobio# fase estacionaria tard.1 a. 

2/1 

1.0 

2.0 

3.0 

2/1 

1.1 

Cultivo microaerof1lico. 72 horas 
~- Cultivo aneerObio o est•~ico. 72 
2/1 Re 1 ación entre las actividades 

(ver Material.es y Métodos~ .. 

respec~o al DCPIP. 

horas (ver Hat..er·ial.es y Métodos .. 
determinadas con ferricianuro con 



en condicionas m1croaaror~1icas '9). Es 

e>(i~.t.e ind1_.i•=·=1ón •::le •=11: b ¡:::•aralelarnent.e a 1.:1 ind1_.i•=c16n c1e ·=it d .. 

F'r•=1baC,lerriente leo'.:- c:it b que ·::=:~ s1ntet1=2n ~·=•r1 el b-558 ~'./alle t.~·U 

F1 ·;::1. '-.:t ·' 

(vet- T2t:•1a lIJ.). 

Como control. pere 

encontró que los hemo~ 

de 1 

c. 

c:Jac1d16 

Métodos: .. 

12s 

al 

el 

F::. ;i .. 1:.=:B;.. S·~ 

:.-· d,. r·a_-1~~ ron 
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FIGURA 18. A. Espectro de absorción de los citocromos tipo e 
de membranas de RJ-... i.zobi.u~ p.~1..cseoZ.i. Las merriliranas se extrajeron 
con acetona-ácida (ver la sección de Materiales v Me-todos) y el 
precipitado se re-disolvió en a.mortiauador TCM )'-se registró el 
espectro diferencial. Trazo A. se~al -del cite proveniente de las 
membranas aerobias <CFN42 o CE3). Trazo B. se~al del cit e 
proveniente de las membranas microa~rofílicas (CFN42). B. 
Pirid.1. n-hernocroaénos. El sobrenadante de- 1 a ext:.racción con 
acetona-d.::=ida cVer r--ie:.t..er1e:.l y JVla:.todos) sE- secó. Se seoa~ en dos 
por e iones. a una de e 1 1 as se prepa!'"'ó como 1 a re f erené i a o ara e 1 
espectro agregando p1ridina y KOH. a la otra. se le a.greg:::: 
piridina y di~ionita disuelta en KOH y se registró el espectro a 
temperaturc. arr1biente. Se muestra e1 espectro correspondiente a 
las membranas aerobias <CE3). 
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FIGURA 19. A. El~ct1o+aresiR e~ SDE t&nid~ con bancidina 
(,,,e:,- 1"100- 0 -:.s.1 -...=\le::·s y Met.ados)dE· l~ +r-C:",.:::c:ió:-1 Ent·lou.ecids de cii:.ac:t-c.'fi\O 
e ·y l._1i:::-::::ic• .:=-::t1·¿,.1ci.;.. cc1r1 a.ce-tc.•r-• .:::-. ác:idc::-... · ..... ·e-1- Materiales y Métodos. 
Cr.:ox1·J..1c:~ ..J.: Citc•-=:t-on1a e:: de levadL\t·e:. .. Ca.1-rile-;. 2~3 y 5:Band.ss 
c:o1-t·espc:1 r1d:..:::::1,t_€'~ c. ~t e d~ P. D• .... u=.:.t::.E::•,::;.J i l'CE3).. cr·ecimienta 
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FIGURA 20. Curvas de inhibicion con antimicina y HQNO de las 
membranas provenientes del crecimiento aeróbico de Rh.i200L~~ 
phc:seoL>: <CE3l. Se usaron de :t-5 mg de proteina de membrana. y 
las condiciones de medición se seNalan en la secc1en de 
Material.es y Métodos. Los inhibidores se disolvieron en DMSO. 
siendo este inocuo en los volúmenes que se agregaron a las 
membranas. o---o HQNO: • --- • Antimicina~ 



complejo b~<ver •d•l•ntel como lo sugiere el hecho d~ que en una 

~racci6n del gradiente salino de la cromatogra~~- de ~~iniciad s• 
obtuviera un• me:cla casi equimolecular de c1t b y e, lo qu.., 

concuer·da cori el ai<E:le.miento de t•ste:· complejo en otre~ bacterias .. 

Complejo si habl.a un C-t:..•mo1 e-jo be .. 
-FLtnc:ione.1 er1 l.:os men1bt·cnc-.= de F: .. ahaE-ec•l :i SE::- probó e-1 e-Fec:to de· la 

antimicina v el HONO. Se tituló 1B actividad de la NADH o::id~sa. 
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con 15 µM de c..nt in, :i e 1 ne: v i:::, 1 ~.' µt-1 de- HQt...tO .. 

-t=ué SL\9et·er1tc· dE-
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di-Ferentes E:-=:..pec i es de <O:o Gara!' et: 
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B. Cinética de 0
2

• 

La Fig. 12E mLte5treo. la cinétic:B de o~:i.geno. usando NADH como 

sustrato. la cual presentó dos componentes. Uno con Km app de 29 

µM y otro con ~m app de 7 µM. El primer componente ~ué di~~cil de 

interpreatar. pero puede tratarse d~ un cit e que ~Ltnc ione como 

oxidase. Esto coincide con el hecho de que en el espectro de CD 

se ob::-,evó un v¿..1 le ,:. _. ...... •..:· nm .. .?1t1-ibu.ible a.l complejo cit e-CD (ver 

c::an 

la presencia del cit o cama le mu&•tr~ el espectro de CD IFig. 21 

Bl. Por lo tanto. cinéticament& no se encon~r6 al 

b;:,.j¿. .:..-t=injdc;:td,. idE.=·r1tii=ic:2do CCJIT!D L1.ne =:•_tpuE::-:..e. ~l¿\VOP1-ote·1.na .. 

C. Inhibición con atebrina y curva de NADH. 

qLtE· cc.mpt-LlE:-L.:. l? 2-U.SEriC.:l.2- dF Lli1C:· ..f-Je·,,,-ot.Jt""OtE-'.ir1C· o::ide<S.?< .. 

OLte SE'· encan-::.1-6 E.--, .... ·id.?. lib~-fr. cr12.=-:in.1c:-.t.c· <E-"E"~-6t:-.:icc·. 
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A1 co:-1=.t1·u:!.1· l<:.· CLlt·-..·~ d~- ~ustt·?tC• .. L't...1l:~::.<::•r1do NADH <Fig .. 16 

B) .. és,té\ ~.e.lo mo;:_tr-6 L\n r ~ .rr. app 15.S mM) .. CIL\E' 

r~?!.Df-: de:-;t-,i d1-ogt::·n21.:c;,.. 

n-<:::.mt_.1·¿..,r,--.s :.:~€"- cé~~'-':.~:.. ci1·- ·-:id:- ::it·i·r ,·r:::..c:. Je r-'; 
1 "' 

d<;::·r.·=-·~o·t: ár·;cJ::.is-t:. C3 LI E: 

E--r, '- 1 ª=='' 1 i b~-e-

come· 

SLllE:-"L !- ¿,to .. 

D. An¿lisis espectral. 

red vs o~-:idado .. que- el 
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21. A- Espectro diferencial (red VS oxida.do T.A) de 
(10 m9) de R.~izobi."l..ll7-. phc..secLi.. <CFN42). Los 

se son~cc..~on por 3 minutos. La muestr~ se r~dujo con 
;:;. ' eE:pectro se regJ.5tro contra la re:ferer1c1a o::-r:.idade.. 

B. Espectro diferencial de los complejos oxidasa-CO de los 
bac'"C..eroides de R.ph.aseol.i. CCFN42) La muestra (10 mg de proteina) 
se redujo con ditionita y se burbujeo con CO por 3 minutos. El 
espec1:.ro se :registré a tempe~a't..ura arnbiente contra la referencia 
reducida.. 



bact~roida tiene citocromos b y c. principalmente, 

no hubo seí"isl de las o;:idasa$ ac;
3 

r,i del cit d. 

Por otro ladc. en el co. 

pr--Acticamente 

detectat·on la 

pre~enci• del cit e, !poco e 417. v~ll~ s 430 nrn>: un• se~al muy 

pobt·€"' dE: c.it a .... '\
1

:: v L\n c.it e (v.:-lJt:- a. s=:.::: nri,) c::é-1.oe.= de re¿~cc:ionc::~t-

c::on CO .. qL\E: pc1d1-1..:,:. . ...CLtnc1on<=-1· ccmo o;.:1d2t::-·<=. tF:.~rm1.n¿..l (veF Fig.:21>-

El hecho de;- ne• r-1~bE·t- encontt-~da a lo'::'.. cit. ,:..i:;. v cit den lo: ,. 
bc,cteroi de; .. 1-eve:-] ¿, qLlE· -Fc-.c-tor-e=.· .;.d1cion<:..1le;.. 

0;:1.gE·r10 r-egul:ir1 12 e;.:p1-e.•siór·1 dE~ los-. c1tcicr-omo~ .. 

Ur1,;:. :ec:L\enci~ p1-opL1~ste. di=l tt-a.r1spo1·-t..E 

los bact~roides s~ encuentr~ en 12 FJ9. ~~. 

3. Cepa CE3. 
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FIGURA 22. A. Espectro diferencial Cred VS ox) 
proveniente2 de culti·vo ce-rabio, fase estacionaria 
<CE3). Las mue:=:i:..ras (5 rr1g d-=- prot-e1no. merr:.brarial) se 
ditionita y los es?ectros se registraron contra 
oxidada con air6. 

de rnem.b1-anas 
de P... p.;,.... .. c.sec !. i 
redujere>n con 
la referencia 

B. Espec't.ro diferencial de los comple:jos c>:2dc.sa-CO de las 
mem!::iranas proven:ien~es <ie cé-lulaE de cultivo aerobio. fase 
estacionaria de R. phc..s~ol. i (CE3). La. mues't..ra ( 5 ¡ng de proteina) se 
redujo con dit'ionita y se burbujeó con CO por 3 minutos. El 
espectro se regJ.s-::.ró a temperatura arr.Lbien\::e contra la referencia 
reducida. 
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A. Actividades respiratorias. 
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o. 
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B. Inhibici6n con KCN. 
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FIGURA 23. A- Efecto dél 1--~CN ~n le. c-:.;id.acion de c-itocromos 
d.i: las mem:::ir-onas de R.~izct:n:'t..!..'T'~ phc..sec.:l. l. (CE3.l obtenidas de culti~,_,e,. 

aerobicc,. Ur. me de p::.-oteiria de rrier:ibreria se incubó por 20 rnin con 
NADH 5m!"l a le.S c-:::.ncer1i:..ro.c1ones indicadas de KCN. Después d~ la 
incubación las rnern:=.irc.nas d-=: le reierenc1a =:<e agita1-on 
v19orc·S2:.!!:~:;....-_E; 2,·""'": pvste~io:rm'=":-ttE:. rr~'-.l-==:."t..!-a y referenc-10 se 
conaelaron a K, Lo~ espectros se registraron a esta 
tem~eratura en presenci~ de nitrogeno l1auidc, 

B .. Ct..:::-·...,·s. C.-s ~1.-:.ula·::ié:-~ Ce r-:~:!,; d-i J..c t-;h.DH. succina"to y 
a.sco!-ba"t.c·-TM!=·D ::,>xidó.sc.s: C.~ rr1ern.b~anas d~ R. p.~c:.secL1... tCE?t_) ~ 
ob't.enida~ de células de culti·-.·o ae:r-obio fase estacionaria (28 
hora~) . t 1 mg de prot..e:i na de merr~·ra.na) . NADE 5 rnM; ascorbato-T!v'i?D 
10 rnM- O .1. m!.f:.. S!..mbolos: o----o N]:<.DH o:-:idasa; o---o Succinato 
oxidase.: •---• "11'.(?L• ox:i de.so. 
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NADH <sensible qLtinacr-i na y rotenc1r1~) .. 

SLtc:cina.to y mal a.to .. siendo l. actividad 

importante .. La actividad de mal~to deshidrogenasa solo se 

presentó en la cepa CFN42. lo cual c:on l• va r- i ación 

reporte..dc-. le; cif-.: $Lt:tt-atos entre=- cep¿~s de 

;:;.~t;i.zc.b:iLlm <Sat-oso~ et. Bl .. 1984) .. 

Las act1vid•de~ de la~ dE·:,t-ii d1-age nasas no p.:..rec:en 

a~ectadc;s por le; &tape; de la 

ox1geno en el rnDdio. le qum dRrnuestra nn qLtl? 

tensión 

no son 

de 

el 

~actor limitante de la activid~d dm la cadena respiratoria. 

Por- ott-o ladc:• -Fué ::..nter·-esant.e Er1contr·c-r- que en el bac:ter·oide 

solo se PLtdo ac+_i·-..·i d.?ld NADH des h id 1-c1gen.;.~,¿, .. Ne:; 

C::DITIO ác i de.se 1 C:..5 

su=:tratc•<;;:. 

aJ .. 1984) .. Fjr • .=-n .. Et ,:._},. .. 19E;3) 

UBIQUINDNA. contiene 

C:11··c-.n: ce.ni_ iene ::c.· lamente 

:. D 1C :;., C. 

l ;;_.::::, e e r1d1c_ :.!. e:· ne; 

t ,. C<.':: 10,p¿· 

e E ~-c·b i .:-. CC•n l ¿-

cc•nce;-.t1·&ocJ6>1 os: }¿ .. C.·;.1C.::-~2 ·- .. "íl•.!í'"ILI:-'•:. 

cit c.. 
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OX!DASAS. Ls.~ e·n=1mw: r-t-sP.:::•:1s·c;..DlE:s de r·E?dLlc:ir- o~:.1geno en el 

SR de ~-ch~F&cJ;. +u~ran +uertem~~~~ in~luencjadaa par l• ~ase da 

crec'imiGr·,.,._c· (CLtltiva <:<.E"·r·c·bic·) o c•a1·· l<=t dis.rr.ir.u=:ion ~n la. tensión 

temorana del 

SL~PL\e:..ta 

En l~ 

dE· 

E:.n l ,-_ e.e::.:::- ·-t:- n~ 1 t:-~.: 2·' .. 'l'···r·~=· ;::-:~- l<· ce:o,::c:-,~.1-c-.'::56r-\ de c:.t. o 

E-r. l.¿;:, :... e r ·.e:_ : t __ :; t-,•_;t._.:.. .:, r1G'._1:;;c j6;-, 

e• E•.'. t. e e -=-·et r-.c_ .'. ·-~ lió< 

nc'.)-c:·itc.·c.t·orr1:¡cc- e<=·-~~:~ a~ :-··&.;....cciL:1r1<::t· cc.n 
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F"lGURA 24. 
A- Esquema propuesto para el transporte de 

-electrones en vida libre de Rhl2obi.um. phc:z.so-oli.. Este esquema 
corresponde a 1 os datos obtenidos en las cepas CFN42 y CE3 de 
Rh..i2obl..-u..m. ph.c.seoi..i.. 

B. Esquema del transporte cie electrones de los bacteroide de 
R.~izobi.u.~ .:;-hc..:=.ectt. (CF'N42). 



PERSPECTIVAS 

Los re~ult9dc& presentados en 

preguntas aceres de 

componentes d&l SR 

la regL\lación 

de.' F.·. pl1aseol j. 

de la expresión de los divet-sos 

FuentE d• c~rbono. La& célul~& de R.chaFeo1i 

en L\na.. ..f.Ltente:- de cc;..1-bor10 no -Fer- mE· ntab 1 e .. donde 

se 

el 

C:Ltltivaron 

c:recimiei-lto 

resultó mae ~dDcu2dQ. Sin ambacgo. no se &abe co~o se regulan las 

En primet-

lLtgar SE' t1er1f-- que:· b•-•s:,c:et- el L1pc..· de,- c.c.t1· t:.or,i dr-ata ma.s. adecua.do 

V 

Pool e .. 19Ei.Y) .. 

d'=' ... 1 

de 

nitr69c·nt:1 

c.on 1 c·s cultive- f. E.se:: c. ff• i l l e .. r.."'1] .. 1987: 



Poole. 198::.i. 

Con respecto a lcE 

cada una d& ellas. pLIEE aaul 

se t>ene aue responder 

citoc:romos tipo e QLte 

sale ~ué sugerjda. En 

SE regula su slnteais 

identidad de 

segLtnda luga1- .. 

y es pr-ob2ble 

SE tenga L\n? 

especle dE cit e en pc•!'"'"t1cL\1c.·r .. c.c:..rnc• ocur·r-e en F'~ den~·t:.r;-Fic;¿:;,"""Jr::. y 

otr?: bac"t.~·1-ic-s (v<?.r·, \.'E·~-==-~·E-. :id ·.-· S·=.><;;:.me. .. 1987: Thónv .. e~ ¿;] .. ~ 198t7') .. 

SE 

dc:-.t.os :i.-.d:.:._~·ecte<-=:::. dt:::- t:..•1 e;:i:-::.E"·rc:i.::· .. PC•t- te:-nL.o le. qL1 ~ =:igue 

Fig .. lé) 

por-

valle 

TM<''D. 

l ¿ .. 

d i -f ¡;,. 1- E r. e i C:1 e j 6 n 
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ABSTRACT. The cytochrome express ion pattern ,,pf R. ph.a.seoti CFN42 in 

free-living cultures 

found in fast growing 

vas stud i ed.. Cytochromes b, 

cells cultured under torced 

e, o a.nd 

aeration-. 

a.a.
3 

were 

Stationary 

aerobic cells, and microaerobic grown cells to a longer extent showed 

decrea.sed levels of cytochromes e, =3 and o, concomitant with a 

significant increase o~ b type cytochromes and the synthesis of a new 

cytochrome, tentatively identified as cytochrome d. CeJ 1 membranes 

showing the highest content of cytochrome d Cmicroaerobic grown cells) 

a.lso showed the highest respiratory activities with NADH, succinate, 

malate or ascorbate-TMPD CN,N, N" ,N•-tetramethyl p-phenylendiamine) .. 

In the presence of either of the above eJectron donors cytochrome d 

was clearly reduced. NADH dependent respiration in membranes of Tast 

growing cells Cno cytochrome d detected) was abolished by 25 µt1 KCN. 

This inhibitor concentration caused only 15-20% inhibition in 

microaerobic cel membranes Ccyt d present>. Moreover, in the presence 

of 1 mM KCN, the oxidation of cyt d and b type cytochrome was 

spectrally detected. 1 t is suggested that cyt d is a f'unctiona l 

cytochrome in the respiratory system of free-living R.h.Lzobi~ probably 

acting as terminal oxidase. 

Key words: Cytochrome d- Rh.izobi-u.m. ph.c:.seo~i- Respiratory system. 

Reduc~ion of ene N 
2 

molecule in nitrogen ~ixing bacteria, 

requires 16-20 ATP molecules CO"'Brian and Maier,1989>. Therefore, 

oxidative phosphorylation, the ma.in source of ATP in Rh.izobia., might 

become the limiting step far biological nitrogen fixation. In addition 

to ATP generation, it 

transport in 

nitrogenase 

N fi><ers 
2 

aga inst the 

has been_ proposed that res pi ratory e 1 ectron 

could play an additional role in protecting 

deleterious action of free 0
2

CAppleby,1969a.; 

Bergersen &nd Turner,1980). Thus, respiratory system of P...h.izobi.a. has 

1 



been ext.ensively studied <Appleby, 1969b; Cha~r.abar·~:i, et a.Z..1987; De 

Hol la.nder and St.out.ham.er, 1980) special !y. in' t.he •.Symbiot.ic bact.eroid 

<Keister, et al.1983; O'Brian a.nd _Ma.ier, 1983>. In B. 

CAppleby,1969b; O'Brian a.nd Maier,1983; Thony-·M;,..yer, et al. 1989), R. 

Z.eeum-i..nosa..r"U.1Tl <Kretovich, et. a.Z..1983>, '2nd R.t.ri..fol.i..i.. <De 

Hollander,1981), the presence of at least two dehydrogenases CNADH and 

succinate), ubiquinone, 

shown. 

bes. complex, cyt e, a.a.
3 

and cyt o have been 

According to the prevai 1 ing growth conditions, R.h.izobia species 

thrives a.s free living bacteria that exhibits a diverse selectivity 

far ca.rbon sources and distinct expression of the respira.tory system, 

<De Hollander and Stouthamer, 1989; Kretovich, et al.. 1973; Me Ka.y, et 

a.l.1988>. In addition, significant ·aifferences in t.he electron 

transport system between bactE-roid and free-living cells have been 

found, in particular those that concern the expression 01' terminal 

oxidases 

present 

CKretovich, et al.1973>. Jn a.11 

during symbiosis. The presence 

species 

oí' cyt 

studied, cyt c-aa
3 

is 

o <special ly in the 

bacteroid> is a matter of disccusion <Keister. et czl.1983; Q•Brian and 

Maier.1983; O'Brian and Maier.1989). Furthermore.-, i n R. l. e 6"1Jft'L i n.o s ar um. 

C Kretov i ch, et a.Z.. 1973). and R. trifol.. i i <De Ho 1 1 ander. 1981), a thi rd 

oxidase, cyt d, is synthesized during the late aerobio stationary 

phase aTid spec1al ly i TI microaerobic growth cond i ti ons. However, 

B. japonictim. Í TI microaerobic growth conditions <O'Brian and 

Maier.1983;1985> does not express cyt d, but instead exhibits a higher 

level of cyt o in the aerobic cultures. On the other hand, in no case 

cyt d has been claimed t.o be preseTit in the bacteroids of t.he severa! 

species so í'ar studied <Keister, et czZ..1973; Kretovich, et al.1973; 

O'Brian and Maier,1983> In previous report <Soberón, et. al. 1989) ha.d 

not been found a cytochrome din R.phcz...seoli, probably because it had 

been studied in logarithmically grown bacteria. 

ln the present paper we report the presence oí' a third putative 

2 



oxida.se in free-living R_ pha.seoti., CFN42, cyt d, similar to that of 

R. tee-um-'i..n..osc::z.r-um.. and R. t.rLfoti:'i.. Cyt d was present in aged aerobic 

cultures but specially in microaerobic grown cells. The appearance of 

cyt d was 

The 

resistant 

accompalned 

respiratory 

to cyanide 

by a decrease in cytochrornes 

activities supported by 

in membranes that contained 

e and 

NADH 

cyt d-

c::u:r.
3

tevels. 

was far more 

Final! y, a b 

type cytochrome <peak at 562 nm) could be associated to the oxidation 

of cyt d. in the presence of cyanide. suggesting its participation 

together with cyt d, in a cyanide resistant branch. 

MATERIAL ANO METHODS 

Ba.cter'ic:z. st.ra.in a.n..d C"'U.l.t."U..re m.et_hods. The strain R. pha.seo t ..: • 

<CFN-42), has been previously described CNoel.et al.1984; Soberón, et. 

aL-l.989)- Aerobic cultures were made in PY-medium, <18) 0.5% Cw/V) 

yeast extra.et; 0.3% casein enzymatic hydrolyzate; 10 mM cact
2

; 10 

µg/ml nalidixic acid in a 25 Fermentar at 3oªc. with an air flux of 

8 l/min and 250 rpm stirring. lt was inoculated with 2 liters of a..n 

active culture in PY-medium. Cells were harvested in a continuous-flow 

centrifuge and washed twice with 50 mM Tris-HCl pH (7.4); 5 mM CaCl
2

; 

5 mM MgCl 2 {TCM buffer). 

Microaerobically grown cells were obtained by growing the ce l l s 

in aerobic conditions up to the end of log phase <10 hours>. at which 

time half of the culture was drained and replaced with a fresh sterile 

rnediurn. At this time, in:flux of air int.o the fermentar was a.rrested, 

and the culture was incubated far a further 48 hours more at SO rpm. 

Cel t d~sruptLon and m.embra~e prepcz..::rcz. ti on. \.Jashed ce 11 s were 

disrupted with a bead-beater <0.1-0.2 mm glass beads> in the presence 

of 1 mM phenylmethylsulfonylfluoride <PMSF>. Beating was carried out 

for 10 minutes in 30-second pulses. A'fter that, DNAse {Sigma DNl.00) 

was added to a final concentration of 20 µg/ml .. The homogena.te was 

3 
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centrifugated 10 min at 10K X g and the supernatant was centri~ugated 

45 min at 140K X g. ~he membrane pellet was washed 3 times with TCM 

buffer ... Al l the steps were per'formed at 4°C. Membra.nes were stored 

under 1 iquid nitrogen. No cha.nges in their studied properties were 

detected during storage. 

Protein concentration in membranes was measured by the Lowry-SDS 

method CMarkwell. et. aL.1991). using bovine albuminas the standard .. 

Respi..ratory a.e t. i:vi.. t.i:es and Cyt.och.rom.e spec t.:ra. NADH, succinate. 

malate and TMPD 

were determined 

<N.N,N'.N'-tetramethyl 

polarographically at 

-p-phenylendiamine> oxidases 

30°C as described elsewhere 

<Escamilla. et. o.Z..1987), in a 'final volume of 3 ml that contained: SO 

mM phosphate buffer, pH 7.4; 0 .. 2-1 mg membrane protein. The reaction 

was sta.rted by either the addition- o-f S.O mM NADH ar AO mM mal ate 

('final concentrations> .. ln the case o'f succinate oxidase, membranes 

were incubated with 40 mM disodium succinate f"or S min befare the 

reaction was started .. TMPD oxidase was determined at pH 6. B in the 

presence of 0.1 mM TMPD and 10 mM ascorbate. 

NADH, succinate and -mal ate dehydrogenases were mea.sured 

spectrophotometrically 420 nm> in SO mM K-phosphate buffer pH 7.4, S 

mM KCN and 1 mM K
3

Fe<CNl
6 

al.1987; Klingenberg, 1979) .. 

30 µM phenazine metosulfate 

as elect.ron 

1 n the case of 

CPMS) was used 

acceptor. <Escamilla, et. 

succinate dehydrogenase, 

as redox ca.rr ier mediator 

to ferricyanide. 

fer ferricyanide. 

A extinction molar coefficient ot was u sed 

The cytochrome spectra. of membranes or ce 11 s of" R. pha...seol'i 

suspended in TCM buffer containing 30% glycerol Cv/v) were per'formed 

with a SLM Aminco Midan 11 spectrophotometer. The samples <O-S mg of 

protein) were reduced with a few grains of sodium dithionite, 0.1. mM-

10 mM ascorbate-TMPD, S mM NADH, 40 mM succinate ar 40 mM mala.te. 

Oxidized references were stirred Cvortex agitation) .. The spectra were 

obtained at room temp. with 1 cm light path cuvettes, or at 77 K using 
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2 mm light path cuvet.tes. To obtain CO-cytochrome complexes, CO was 

bubbled through dithionite reduced sampl é 'f or 3 minutes at room 
temperat.ure using dit.hionite reduced prepa.ra.t.ions in the re'ference 

cuvette .. Cyt.ochrome concent.ra.tions were c:alculated from reduced 

Cdithionite ar substra.te minus air o><idized spectra. at room 

temperatur e) using the "fol lowing wavelength pairs and millimolar 

extinct.ion coefficients: cyt ~ (605-615 

C563-575 nm)=20 mM- 1 cm- 1 ; cyt e <553-538 

C630-655 nm)= 19 mM- 1 cm- 1 • CJones and Pool e, 

nm)=16.6 

nm) = 19 

1985). 

<Goodhew, 

-1 -1 
ml'1 cm ; 

-1 -1 mH cm ; 
cyt 

cyt 

al..1986). 

b 

d 

Ten 

volumes of 0.01 M HCl in acetone was added to the rnembrane sample and 

a'fter 30 min the precipitate was sedimented .. The pellets were 

suspended in TCM buf~er and the dif ference spectra were recorded. 

RESULTS 

Cyt.och.:r-ome.s 'in aerobt:c an.d m.i.croa.erob"i.c cul t.-u.res_ Express ion of 

cyt d. in gram (-) bacteria is more commonly observed in the late 

sta.t.iona.ry cult.wres or as response to scarce oxygen conditions 

<Kret.ovich, et o.l.1973; Poole,l.983). Thus, we studied if cyt d. could 

be expressed in R. ph..a.seol'i. under culture conditions above ment.ioned 

(see 'Met..hods>. As report.ed ear1ier f or R. phcz...s.?ol i. <Soberón, et 

a.Z..1989), cyt.ochromes a, O and e types were present in whole cel ls 

obtained from the aerobic logarit.hmic st.ages, (t...-10 hours of growth>, 

Fig.1A. ln addition to these cytochromes, her e we showed that 

stationa.ry cel ls exhibited t.he presence of cha.ra.cteristic absorption 

ba.nds far cyt d <.peak a.t 630 nm, trough .c:::..t. 650 nm) (Lorence, et 

a:l.1986). No cyt d wa.s detect.ed be'fore the first 10 hours of culture. 

However by the end of the log-phase (10 -12 hours>, a smal but 

defined signa\ fer cyt d was progressive\y observed follo~ing 10 hours 

of culture; i.t reached a maxima.l level in late-stationary phase <22 

hours>. Thus. t.he expression of cy"t. d. in R. phcz.seol'i.. in a.ged a.erobic 

5 
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cultures is similar to that reported in ¡;>ther 

bacteria, 

Hollander, 

particularly in 

1961,; Kretovich, 

R. t. e 6"t.UTL 'i nos cz.r-um. and 

cyt 

R. 

el. containing 

trifolii. CDe 

relative cytochrome 

Fig.1A, showed that 

expression 

during the 

aL.1973). 

CFig 1B> 

period in 

A temporal 

calculated 

which cyt 

course for the 

f rom spectra in 

d progressively 

increased, there was also a marked decrease of cyt e and cyt ªª:=r lt 

is not.eworthy that the level o'f type b cytochromes al so increased 

during the same period. 

increment of the levels 

Cytochrome 

of b type 

o did not seem to contribute 

cytochromes, since membranes 

to 

of 

the 

Jog 

late 

et 

ce 1 1 s Cnot shown> contained twice the quantity found in 

stationary cel 1 s CTable 1 ) • lt has be en claimed CLorence, 

which al.1986>; that the trough at 650 nm, 

bacteria containing cyt d, is due to the 

this signal also appeared in our spectra 

note that the cyt b and cyt e measu:rements 

is always present in 

bd comple><; cyt o-595 

CFig.2>. 

were 

of the 

1 t is important to 

compromised be cause 

they were looking at levels of what may be more than one specie. 

The participation of cyt d during substrate oxidation was 

analyzed in reduced 1TL'ln.<...LS a.ir-oxidized spectra of membranes obtained 

from microaerobic grown cells CFig.2). Reduction with NADH .. succinate 

ar mal ate 

patterns. 

Ctr:=..ces 

however, 

B-D 

NADH 

respectively) 

was the: most 

yielded similar 

ef~ective reductant; 

reduction 

noteworthy 

reduction of cyt d was noted in all cases. lt was also "found that c:yt 

d could be reduced by ascorbate-THPD (trace E in Fi g. 2) indicating 

that put.at.ive cyt d is cont' ined in the hi gh poten't.ia l si de of the 

respiratory system; this 

al.1985; Poole,1983). 

has 

1 t 

be en 

ls 

described f'or 

to be noted 

other bacteria <Au, et 

that membranes from 

microaerobical ly growth cel ls exhibit.ed a peak at 472 nm in reduced 

rn'in:us oxidized spectra <traces A-D, Fig.2). This pigment was not 

identified. lt was difficult to mea.sure cyt e in whole cells and 

membranes since there was 

There'fore, membranes were 

an over 1 ap of 

extracted with 

s 

cyt e and 

acid-acetone 

cyt 

Csee 

b peaks. 

Met.hods) 



and t.he membrane residue u sed for the .determination of cyt c. 

Dithionite reduced, room temp. spectra CFig.3A> showed the 

characteristic peaks fer cyt e 1. e. 41.9 and 553 nm. Spectra obtained 

with membrane residues from late-stationarY aerobio cel ls <trace A> 

and f'rom microaerobic culture <trace B> were similar. The spectra 

showed that late stationary aerobio cells expressed 1.4 times more cyt 

e than microaerobic grown cel Is. 

CD-reactive cytochromes were spectrally analy:z:ed in membrane 

preparations of cel l cultured under microa.erophilic conditions <Fig. 

3B>. CO-difference spectrum of dithionite reduced membranes showed the 

presence of cyt cz.cz
3

-co complex 

The o-CO complex through signal 

(430, 590 nm peaks and 444 nm through>. 

at 430 nm was partially overlapped by 

the a
3

-co peak signal 

through at 560 nm for 

at 

o-CO 

430 nm, 

complex 

hoWever, the 

were clearly 

peak a.t 

observed. 

417 nm and 

1 t. is to be 

noted that upan reaction with CO, the signal peak at 630 nm which 

corresponds to the reduced cyt d CFig. 2), was shi'fted to 64l. nm. 

This behavior of cyt d has been· described in other bacteria 

CPoole,1983; Janes and Poole,1985>. 

Cytochrome concentrations in membranes CFig. 2 and 3Bl and 

membrane res 1 dues Fig.3Al were calculated from dithionite 

reduced spectra 

<cyt e, 

<Table 1 ) . CeJ 1 s cultured under microaerobic 

conditions expressed more cyt b and d than at the late-stationary 

aerobic phase <2.6 and 1.8 times respectively). In addition it wa.s 

f'ound that cyt e 

and 1. 6 times 

and cyt ac:z.
3 

were 

respectively> in 

expressed 

aerobic 

to a 

ce l l s 

hi gher extent ( 1. 4 

cu l tured up to 

late-staticnary phase than in 

that the expression of cyt 

microaerobic cultures. Thus, it appears 

and a.a.
3 

were l ower under restr i cted 0 2 
conditions <microaerobic cultures) but that conditions also brought 

about a higher expression of b and d types cytochromes. 

Respiratory activities. The comparison of oxidase respiratory 

activities in membrane particles obtained from late-stationary aerobic 
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cells and microa.erobic cells <Table 2> showed tha.t the lat.ter cells 

were two fold more active. On the other hand,.both types of membranes 

were three fold more active with NADH than with ascorbate-TM?D. The 

activity with succinate or malate was .13 to 16" of the activ ity 

observed with NADH. Thus, its seems that R. ph.a..seol...:. is highly adapted 

to utllize NADH. lnterestingly, the two-fold increment observed in cyt 

b and d <Table 1) in microaerobic ce l ls was a.ccompanied by a 

corresponding increase in t.he rate of electron transport <Table 2). 

Data in litera.ture ( .J enes, 

over-expression of cyt and d 

et. 

in 

=l. 1973) 

Azotobc:z.cter 

indicate that 

vi.ne l.an.di. i. is 

accompa.nied by an enhancement of electron t.ransport activities. 

On the other hand,. the levels of dehydrogenase act.ivities 

expressed in both conditions were the same <not. shown>. These da.ta 

point.ed out that dehydrogenases do not-constitute a limiting stage for 

electron -flow to oxygen, as has shown fer other systems <Janes, et 

al..1973). 

Cya.n.i.de resi.s tan.t respi.rat i.on... In al 1 the ca.ses that ha.ve been 

studied, cyt d. dependent respiration is far more resistant to KCN, 

than respiration through cyt c-aa.
3 

and cyt o branches <Pool e, 1983>. 

Thus, NADH a.nd ascorbate-TMFD dependent respira.tion were titrated with 

KCN <Fig.A) in membrane 

d detected) and 

partScles obtained from log aerobic cel ls <no 

cyt from microaerobic ce l l s <cyt d maximally 

expressed). Respiratory activities stimulated by NADH or 

a.scorbate-TMPD in membranes of log-aerobic cells. showed a highly 

sensitive component <Fig.A) that was inhibited 50-65% <a.scorbate-TMPO 

and NADH re spect. i ve l y) by 1 ¡.L1 ~'.CN. This suggest.s 

contribut.ion of the cytochrome c-a..a.3 branch to the 

significant 

respiration 

supported by NADH or ascorbate-TMPD. At 25 ,r....tM KCN. respiration with 

NADH ar ascorbate-TM?D was a. l most abo l i shed. 1 t has been reported 

<Poole,1983) that cytochrome o is more resistant to KCN than cyt aa
3

; 

thus cyt o could a.ccount far the respira.tory activit.y observed with 

e 



concentration of KCN about i ¡..A"! KCN. 

The respiratory !>-Ctivity in membranes· o~ microaerobic cells 

sho1Jed increa.sed resistance to KCN, At 5 KCN, 40-50% of 

ascorba.te-TMPD oxida.se and SO to BS" of NADH oxidase were observed. 

Thus 

the 

expression 

resista.nce 

of 

to 

cyt 

KCN 

d in 

a.nd 

R. phaseot..:. 

t.his was 

d-containing bacteria CPoole,i983). 

resulted in majar increase in 

in agreement. with other cyt 

The suggested participation of cyt d and a b t.ype cytochrome in 

the cyani de re si stant respiration was further explored. Anaerobio 

m..i.n:u.s aerobic di1'ference spectra. reduced by NADH in t.he presence of 

KCN were recorded. Af ter a 20 min incuba.tion period at room temp. with 

S mM NADH, the reference cuvette was vigorously stirred Cvortex.), and 

the steady-state reduction pa.ttern was trapped at 77 K and recorded 

against the a.naerobic sample C77 K). 1 n t.he a.bsence of KCN, the 

oxidation of all cytochrome components CFig. S> was evident, while in 

the presence of O. S or 1 m11 KCN, the oxidation of cyt e a.nd 

arrested. Cyt d C630 nm peak) and cyt b CS62 nm peak) continued to be 

oxidized even in the presence ot 1 mM KCN. 

DISCUSSION 

In a previous report <Soberón, et. al.1989) it was not observed a 

cyt d in other strains of R.pha..seolt:. The results presented 

herei nd i ca.te t hat Rh'i::zobi.:um. pha..seol t: Cstrain CFN42) possesses the 

capacity to e><press cyt d in 'free-living cultures., under l ow oxygen 

tension as well as in the late stationary pha.se of aerobic cultures. 

It has been reported important differences among stra.ins of the same 

specie {i.e. Keister~ et. a.l.1983). The expression pattern is similar 

to those 

other cyt 

reported for R. t.rifol 'i i 

et a.Li973) 

<De 
and 

Hollander,1981) and 

in accordance wi th to 

d. containing bacteria. CPoole, 1983). Thus, the existing 

evidence indica.tes that cyt d is not rare among N
2
-f i><ing bacteria.. In 
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addition to the above 

is al so expressed 

AzotobacLer vLn.etandL~ 

mentioned species of symbiotic Rh.i.zol:::ri."'Urtl., cyt d. 

in :free-! iving N
2
-:fix!"ng bacteria, such as 

CJoneS, eL at.1973> and Azospi.ri.ll.um. brasi.len.se 

CDObereiner and Pedrosa, l.987>. 

The course of expression far cytochromes in .R. phaseol.i. cu l tured 

under 1'orced a.era.tion CFi.g. i> suggested that Cytochromes C-c:u:i
3 

-an-d o 

branches are associated with 'fast growing aerobio cel Is while cyt d 

was ex pres sed when growth was 

Caerobic stat1ona.ry cel ls, 

impaired 

Fig.1> or 

by depletion o:f 

by restriction 

nutrients 

Cmicroaerophil ic cel ls, Fig.2>. This regulation of the expression of 

cyt d agrees with previous reports in other bacteria! species. CAu, et 

al.. l.985; Poole,l.983>. 

One of the features related to cyt d dependent respiration is its 

striking resistance towards KCN CPoole.1983).. Our membrane 

preparations obtained 'from microa.erophilic cel ls showed an 

ascorbate-TMPD, but specially NADH-dependent respiration CFig.4) that 

was ~ar more resistant to KCN. than in the log-a.erobic cell membranes 

CFig .. 4). lndeed, the participation 01' d and a b type cytochromes in 

the cyanide resistant respiration <NADH> could be spectroscopically 

visualized CFig .. 5) .. Moreover in the presence of S mM KCN only cyt d 

and a b type cytochrome continued to be oxidized. These results were 

in agreement with the previous reports <Esca.mil la, et aL l.987; 

Poole,1983> fer other cyt d-containing bacteria .. 

Al l Rh.izobi-um. species, have the capacity to e><press cytochromes 

oxidases 

oxidases 
ªª3• 

types 

o 

in 

and d types; 

symbiosis is 

however the requirement :far certain 

still controversia) .. 

The expression of particular cytochrome oxidases during symbiosis 

seems to vary within wild strains. i .. e .. cyt c:z.a.
3 

has been 1'ound in sorne 

strains of R. phc::z..seol.L CSoberón~ et. al..1989). R. l.eeum,in.osa .. r·"Lun. 

CKretovich~ et. al. . .1973) and B.jo:.pon.ic"UJT'L CAppleby. l.969a; El Mokadem 

and Keister, 1982) but not in other strains <Keister. et. al. . .1983). 

l.0 



Moreover, cyt o was reported to be absent in bacteroids of B. J 0 a.pon.ic"Um. 

<Appleby, ~969b; Keister. e~ at.1983> and R. t~eum.inosarum. <Kretovich, 

et at.1973>. Thus, although cytochromes and are commonly 

expressed in free-living Rhizobi~. this does not seem to be a general 

rule for its expression in symbiosis. 

With respect to cyt d., 1t seems tha.t its expression in Rl'l.izobium.. 

could be restricted to free~living bacteria that grow under conditions 

where oxygen is sea.roe and/or nutrients have been depleted <Kretovich, 

et. at.1973; De Hollander,1961, this work>. As "far we know, there is 

not a single report. claiming the presence of cyt d during 

plant-bacteria symbiosis. 

The high affinity of cyt d towards oxygen CAu, et a.Z.. 1985; 

Poole,1983> and its expression under Jow o
2 

tensions ha.ve Jead the 

proposal that the presence of this cytochrome enabJes bacteria to grow 

and consume o
2 

in low oxygen environments. Thus, the biological role 

of cyt d. as putative oxidase, in free-! iving Rh.izobi.a cou l d be 

related to the above proposal. 
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LEGENDS FOR FIGURES 

Fi g. 1A. Tempera 1 course expression of cytachromes in Rh"i.zobi."UJ'T>.. 

pha.seol."i. CFN42 during culture i Tl aerobic py medium. Cells were 

withdra.wn 'from 'fermentar at the indica.ted times (arrows in insert>,. 

washed in TCH-buffer and 

cont.aining SO')(. glycerol 

resuspended <A540= 30> in the same 

and 0.1')(. Triton X-100. Dithionite 

bu'ffer, 

reduced 

samples were recorded Croom temp.) against air oxidized references. 

Fig. 1B. Relative cytochrome concentrations during aerobic growth 

of CFN 42 in PY medium .. Relative cytochrome 

using t.he concentra.tions were ca.lculated 'from spectra in Fig. 

wavelength pairs noted under Materia1 and Me~hods. 

lA, 

Fig. 2. Substrate dependent redu...ction pattern of cytochrome in 

membrane particles of Rh.izob~-um. phaseol"i. CFN 42 cultured C72 hours) in 

PY medium,. under microa.erophi l ic 

protein) were incubated <20 min, 

conditions. Samples 

room t.emp) wit.h 5 mM 

<Smg 

NAD!-1 

membrane 

or 40 mH 

disodium succinate ar 40 mM mala.te or 10 mM ascorbate pl'US 0 .. 1 mM TMPD 

<trace B to E respectively) and recorded aga.inst air oxidized 

references. Dithionite reduction pa.ttern is shown f or comparison 

<trace A). Note reduction cytochrome d at 630 nm in al cases. 

Fig. 3A. Cytochrome e i Tl membrane residue prepa.red by 

acid-a.cetone extra.et ion < see Met..hods) of membranes <5 mg of membrane 

protein> from Rh.izob~-u.m pl'La.seoli. CFN 42 obtained from late stationarY 

a.erobic cells <trace A> or from microaerophilic cells <trace B>. 

Samples were reduced with dithionite and recorded ógainst a.ir oxidized 

references .. Cyt. e concentration was calculated in both samples and 

recorded in Table 1 .. 

Fi g. 3B. CD di'f'ference spectra o'f Rh.i.zabi-u.m. pñ.a.seol.i. CFN 42 

membra.nes (o. 5 mg membra.ne protein> of ce 11 s cult.ured under 

microaerophilic conditions. 

Fig.4. Cyanide titra.tion of NAD!-1 oxidase <circles>and ascorbate 
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plus TM.PD oxidase. Ctriangles) in membranes of Rhi:z:obi"Um. pha.seoti CFN 

42, obtained from logarithmic aerobio cet ls ,,.<open symbols> or from 

microaerophilic cultured cells Cfull symbols). l. mg of membrane 

protein were stimulated with S mM NADH or 10 mM ascorbate pt-us 0.1 mM 

TMPD Cfinal concentrations> in the 

concentrations. Specific activities 

presence of the indicated KCN 

of NADH and ascorbate pt-us TMPD 

were similar to those shown in Table 2. 

Fig. S. Effect of KCN on the oxidation of membrane cytochromes of 

Rhizobi-um. pha.seot i CFN 42 obtained from microaerophilic cultures. 

Membranes e 1 mg protein) were incubated with 5 mM NADH and the 

indicated l<CN concentrations up to anaerobiosis C20 min room temp>. 

Sampl es and reference cuvettes C2 mm path 11 ght > were incubated in 

horizontal pos i tion to avoi d sedimentati on. After incubation period 

reference membranes were vigorously a-gitated Cvortex. 1. min> a.nd at 

this point, sample and re"ference cuvettes were frez.en at 77 K and 

spectra recorded at 77 K. Note that oxidation of cytochromes c-553 and 

aa
3 

C603 nm> was arrested in O.S and 1 mM KCN while cyt d C630 nm> and 

an unidenti"fied cyt b <562 nm) continued to be oxidized even in the 

presence of KCN. 

16 
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TABLE .!......_ CONCENTRATION OF CYTOCHROHES ASSOCIATED WITH 

MEMBRANES OF AEROBIC ANO MICROAEROBIC éELLS OF Rh.LZObL-um. 
ph.aseot L. 

nmoJ/mg prote:ln 

CYTOCHROME LATE STATIONARY MI CROAEROBI C RATIO <<» 

AEROBIC 

b 0.23 o.s 2.6 

e o.aes 0.059 0.69 

=3 o.os 0.03 o.so 

d 0.113 0.2 1. B 

ª3-CD 0.07 0.02 0.28 

o-CO 0.02 0.01 o.so 

Cytochrome concentration were calculated from room temp. spectra. 

The wavelen_gth pai.X--.s and millimOtar coefficients described in Ha.teri..a.l. 

and Hethods-section were- used. 

Ca> Ratio of cytochrome concentrations in microaerobic membranes 

to that in aerobio membranes. 
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MICROAERDBIC ~ Q.E. .Rh.LzobLum. ph.a.seolL. 

M ICROA E ROB re"" 

NADH 300 

Succinate 40 

Mala te SO 

Ascorbate-TMPD 

u> Activity in nat 

100 

-1 -1 O min mg • 

673 

100 

-87 

200 

~> Cells harvested at late stationary phase. 

<S.) Cel Js harvested at 72 h microaerobic growth. 

<4> Mi croaerobi c/aerobi c. 

18 

2.0 

2.5 

1. 7 
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Fi g. 1A. Temporal course expression Of cytochrornes in 

R.h.i.2obi.-um. ph..c.s4i1'ol..i. CFN42 dur ing cu 1 ture in a.eTobic PY medium. 

Cel 1 s were withdrawn f'rom f'ermentor a.t the indicated times 

Carrows in insert), washed in TCM-buffer and resuspended CA540~ 
30) in the same buffer, conta1ning SO% glyce:rol a.nd 0.1% T:riton 

x-100. Dithion1te reduced samples were recorded <room 

temperature> against a.ir oxidized references .. 

Fig. 1B. Reta.ti.ve cytochrome concent.rations during a.erobic 

g:rowth of Rhl'.zobi...un phaseot.: CFN 42 in PY medium .. Relative 

cytochrome concentra.ti ons were ca 1 cul a.ted f rom spectra in Fi g. 

1A, using the wavelength pairs noted under M.a~er~a1 and Me~hods. 

CSymbols: • cyt e; º• cyt =· ... .. cyt b; ..... cyt dl. 



B 

Fig. 2. Substrate dependent reduct1on pattern of cytochrome 

in membrane particles of Rh.izobi'Un> pha.seoli CFN 42 cultured (72 

hours) in PY 

(5mg membrane 

mH NADH ar 40 

medium, under 

protein) were 

mM disodium 

microaerophi l ic conditions. Samples 

incubated C20 min, room temp> with S 

succinate or 40 mM mala.te or 10 mM 

a.scorbate pl-us ~0.1 mH TMPD C trace B to E respective ly) and 

recorded against a.ir oxidi.zed re'ferences .. Dithionite reduction 

pattern is shown fer comparison <trace 

cytochrome d at 630 nm in all cases. 

A>. Note reduction 

' ¡ 

1 
1 



A 
419 

1 

B 

.... ., 
Fi g. 3A. Cytochrome 

acld-acetone extraction 

• 

o.oosJ 

e in 

'"':!> 1 

membrane 

Csee Met..hods> of 

• 
A 

residue prepared 

membranes es mg 

by 

of 

membrane protein) from Rh.izobi-um. pha.seoli CFN 42 obtained from 

late sta.tionary aerobic cells <trace A> ar from microaerophili.c 

cel ls e trace B > • Samples were reduced with dithionite and 

recorded against air oxidized references. Cyt e concentration was 

caJculated in both samples and recorded in Table l~ Fig. 3B. co 
difference spectra of Rhizobii..on. pha..seol.i 

mg membrane pro te in) 

conditions .. 

of ce l l s cultured 

CFN 42 membranes <O-S 

under microaerophili.c 
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100 

80 

60 

o 
o 5 1'0 15 20 25 30 

(KCN) µM 

titrat.ion of NADH oxidase (t.riangles> and 

oxidase <circle) in membranes of RJ-a..'Lzobi.~ 

obt.ained 'from late-sta.tiona.ry cel l s <open 

Fig.4. Cyanide 

ascorba.te plus TMPD 

ph.a.Seot~ CFN 42, 
symbols> or 'frorn microaerophilic cultured cells <full symbols>. 

i mg of membrane prot.ein were st.imulat.ed with S mM NADH or iO mM 

ascorbate pL-us 0.1 mM TMPD Cfinal concentrations> in the presence 

of t.he indicat.eo KCN concent.rat.ions. Specific act.ivities of NADH 

and ascorbate pl-u.s TMPD were similar to those shown in Table 11. 
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Fig. s. E:f:fect o:f KCN on the oxidation o:f membrane 

cyt..ochromes of Rhizob'i"t..Un.. ph.a.seo l. i: CFN 42 obtained 'from 

microaerophilic cultures. Membranes <1 mg protein) were incubated 

with S mM NADH and the indicated KCN concentrations up to 

anaerobios is <20 min room temp>. Sampl es and reference cuvettes 

<2 mm path light> were incubated in horizontal position to avoid 

sedimentation. Aft.er incubation period re'ference membranes were 

vigorously agitated Cvortex. ~ min> and at t..his po1nt, sample and 

reference cuvettes were frozen at 77 K 

K. Note that oxidation of cytochromes 

arrested in o.s and 1 mM KCN wh i 1 e 

and spectra recorded at 77 

c-553 and aa
3 

<603 nm> was 

cyt d < 630 nm > and an 

unidenti:fied cyt b <562 nm> continued to be oxidized even in the 

presence of KCN. 
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ABSTRACT: The existence of a non-cytochron;e NADH oxidase pathway in 

membranes o:f :free-.1.iving Rl~i:zobi."U.Tn. phcr...seol.i '\-:as expl.ored. This 

alternative electron transport route was distinguished from the 

cytochrome oxide.se l inked pathway by its low a:f:finity toward5 Oz (Km 

o.pp= 75-60 µM), higher Km for NADH ( 75 µM). a hundred-fold lower 

sensitivity to quinacrine inhibition, and resistance to U.V (360 nm) 

photoinactivation. In addition to NADH, tetr"1rnetyl p-phenylendiamine 

(TMPD) donates electrons to this low-0
2 

,.f:finity pathway, causing 

reduction bleaching o:f a flavoprotein &bsorption band at 455 nm. TMPD 

oxidase was pa:rtially (305~) inhibited by 200 µM quinacrine. The low 

0
2
-aÍ:finity oxidb.se activity prometed by NA.DH. or ascorbate ptus TMPD 

was present in aerobic and microaerophilic.grown cells and absent in 

anaerobic "'nd bacteroid cellz. Thus·, a NADH 1inked flavoprotein type 

oxidase is sugge~ted. 

Key words: NADH-dehydrogenase5- :flavoproteins- Rhi.zobi.um ph.cz.seol. ..:-

Respiratory system. 

Previous studies on the electran transport system ar free-living 

RhizobiU17'l have revealed the presence oI a, b, e and d type 

cytochromes (Chakrabarti, e-t al, 1987; E:o.ibrener, et al. 1962; 

Kretovich, et al, 1973; O'Brian and Maier, 1989; Sober6n et al 1989; 

Thbny-Heyer, et al., 1969; Barquera, et al., 1990, submitted), probably 

organiz.ed in three oxidative pathway5 witb eit!'"J.er cytochrome.s oa
3

, o 

ar.id d as terminal oxidases. Cyt Ct<:t,. 

log~ri~h.n¡ic appea:r in well aerated 

Chakrabarti, et a. l.. ' 1987) where;;a.s 

1 

cz:..nd o prefe::-entially be come 

cultures (Appleby, 1969; 

d i.5 expressed under 0
2 



li 

1 ' 

restricted conditions or during the stationary growth 

al., 1973"'; Barquera. 

well 

1990, aerated cultures (Kretovich, et et. a.t, 

submitted). Thus, expression of alternative oxidases in free-living 

RhLzobLa seems to obey the senera1 ru1e5 described for most aerobic 

bacteria (Poole, 1983). 

In addition to cytochromez, f1avoproteins are a1so involved in 

bacter~al elec~ron t.ran5port chains, functioning as dehydrogena.ses 

-and, in 5ome Ca.Se$, as 

F1a ..... ·oprot.eins can 

oxidases (Ghisla 

rea.et directly 

Hassey, 

oxygen, 

1989) 

1ormins 
alternative branche5 

report.ed {Malst!'."Om, 

in the 

1982). 

electron transport 

Sorne seem to 'form 

S).'stem have 

complexes 

been 

with 

cytochrome e,. but ot.here react with o>:ygen wit1:"l.out part.icipat.ion o:f 

cytoc1-1romes (Halstrbrn, 1982; Appleby, 1978; O'Brian and Maier, 1983). 

8. japonicurr'- bacteroid hydrc,gen oxidation involves a h.igh re:dox 

potential flavoprotein, which can function as terminal oxidase; this 

er.i.::.yrne wa:. eensitive to atebrine and cyanide (O'Brian and Haier., 

1963). Appleby sugge5ted {1978) that the flavin and metal prosthetic 

groups of this en~yme can transfer four electrons to reduce oxygen to 

water. The presence of this en~yme and the cy~ochrome oxidases allow 

the regulation of th~ electron transpor~ to oxygen, depending on the 

functions ccnsuming oxygen in an uncoupled pathway. The flavoprotein 

wa:s implica~=--d é:.S o. terminal ox.idé!.se in "Lf-1t: h.ydrc•gen r:!e"t.a.bolism. In 

serve:. lost 

during hydroger1 evolution a-rid ,!;:.}so prot.ect ni"t.rogenb.se by reducing 

oxygen to water {Dixon, 1972; Emerich 1 et aL 1979). 

The re.=.u.1 ts prese::nted in thi_ ~ paper strongly suggest, that in 

addit!.on to cytochrome aa
3

, o andel (Bétrquere., et al. ,1990), there is 

a Iourth oxidase in Ire::e-livi:-1.g R. p"t"1..aseo1. i. tentativel"> .. identiiied as 

a NADH-depende:nt 11-evoprotein oxida5e. This ac~ivitY could be 

2 



distinguished by its 1ow arrinity towards 0
2 

and NADH, its 1ow 

quina.crine inhibit.ion, and its sensitivity to 

K-rerric:¡,•anide over DCPIP a:. arti1icial electron 
se1ectivity 

acceptors. 

to 

In 

addition. 

donar to 

evidence suggesting that reduced TMPD might act as electron 

the putative r1avoprotein oxidase is described. This 

activity was e:xpressed in aerobic and microaerobic cu1tured ce11s, 

but not in anaerobic and bacteroid cel.ls. 

KATERIAL A.NI> KETHODS. 

Bactert:.a.l s tz-ain..s and cuz.. tt.Jr~ m .. et.hods. In t.1'"1is work two strains 

were used,. CFN42 and CE3 (Noe1, et a1, 

1984).Bact.eria were cul.tured under aerob:ic or microaerobic conditions 

as described earlier (Barquera, et al, 1990, submitted), or under 

anaerobic condition"' at 30°C in a top-ri11ed 10 1 r1ash without 
agitation nor aeration at 30°C In al1 cases PY medium (Noel, e< al, 

1984) containing 0.5% (w/v) casein enzyrnatic hydrolyiate, 0.3% yeast 

extract, and 

Cel. l. disr-upt ion c:.rt.d me-mbra.ne prepa.rczt ion..:-. Cells were disrupted 

to o'btai.n ce 11 mem1:1rb.nes wi th a bead-be:::.ter, s irni 1 arl.y to ( Berquera., 

et at, 1990, submitted). 

The prot.ein concent.ration was determ:ined by the Lowry-SDS 

method, using bov:ine a1bumin as standard (Harkwell, et al, 1981). 

Bac teroids t'.solcr..t ~on. Bacteroids (CFN 42) rrom root nodules or 
Pha..seol"Us 

described 

vul~=-~s (Negro Jamapa) plants were 

by Reibach, et al , ( 1981), with a 
isolated ª"' previously 

selr-senerating Percoll 

gradient. Nodules o1 21 days or age 1rorn 40 plants were used. 

3 



Respira.t.OT),I a.ct.ivit.ies a.n.d cytochrome spect.rcz... NADH and THPD 

oxidases were determined polarographically as dc:scribed be:fore 

(Escamilla, et al, 1987). In the kinetic determinations, the time 

course o:f 

e1ectrode 

reaction 

oxygen 

covered 

ves.sel 

measurement.s, the 

concentration, was by a C1ark-type 

with 

(3ml) 

an u1tra-thin te:flon membrane in a c1osed 

maintained at 30°C. For oxygen uptake 

de.saturation technique was used, where the 

sensitivity was increased by amp1ifying t.he gain o:f recorder by 2, 

2. 5 and 2 :factors succes.sively. Imrnediate1y 01:fter each sensitivity 

increase the zero in the recorder was readjusted. 

NADH dehydrogenase Wb.5 spectrophotometrically measured in 50 mM 
K-phosphate bu:f:fer pH 7.4, 5 mM KCN, and 1 .mH K 3 Fe(CN) 6 (420 nm) or 40 

mH 2, 6 dich1orophenol-indopr,enc,l (DCPIP, 660 nm) as electron 

acceptors (Klingenberg, 1979; Escamilla, ~tal, 1984). 

The e:f:fect o:f inhibitors on the respiratory rate was evaluated 

in the pol arosraptii e expe:riment!::',. Cyariide wae added during the 

activity assay, the inhibitor was solubilized in K-phosphate bu:f:fer 

pH 7.4. Quinacrine was preincubated with membranes be:fore addition o:f 

substra.tes (NADH or Tl".IPD). Quinacrine was .solubilized in 50 mM 

Tris-HCl pP. 7.0. 

The: cytc.chrorne spectra o:f membrél:nes were perI ormed wi th a SLM 

Aminco Midan 11 spectrophotometer,as described in (Barquera, et 

al;,,1990). The spectra were obtained at room temp. with 1 cm light 

path cuvettes. 

RESULTS AND DISCUSSION-

K i. ne t. i es o f oxy-een. cons"t.lrn.p t. ion.. To asc~rtain the components 

invo1ved in the reaction wi th oxygen o:f the Rh. i zob i -urrt phcz.seo 2. i 

respiratory chain, we determined the desaturation kinetics for oxygen 

(see Methods) in membranes o:f cells cultured under di:f:ferent 0
2 
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tensions a.s well as in puri:fied bacteroiotis, using either NADH, or 

ascorbate-THPD, or ascorbate-yeast cytochrome e as .substrates. The 

Ho:f stee plots :f or 0
2 

uptal-:e o:f aerobic cell membranes U!3ing 5. O mM 

NADH (Fis. lA)or 10 mM a!3corbate plus 10 µM TMPD (Fig. lB) were 

similar. The kinetic pattern showed two components with Km dpp= 6.7-

10 µM and 

ascorbate 

75-B0.7 µM 

plus 150 µM 

re!3pectively. On the 

the 

other hand, using 10 mM 

kinetic pattern toward.s yea.s"L cyt e, 

oxygen showed one single component with a Km ~pp= 17 µM (Fis. lC). We 

attributed 

cytochromes 

the 

ªª " affinity range 

types (Poole, 

Km value of 

and o, since 

reported for 

1983). lndeed, 

-7 spectroscopical.ly detected 

6-17 µM to the combined activitY 

the Km values obtained are within 

of 
the 

bacterial cytochrome 

cyto9hromes ªª " 
and 

cytochrome oxid~ses 

oxi.daees of" these 

o were trie onJ.y 

in rnernbranes o"f' 

log-aerobic grown CFN42 cells (Fig.3). The low affinity component 

(75- 80 µM) revealed wi"Lh NADH or ascorbate-TMPD seems to be far out 

o:f the affinity range for oxygen (0.2 µM to 10 µM; 5ee Poole, 1983) 

reported for tJ•pical bacterial cytochrorne ox.id::ises _ This suggests 

that a non-cytochrome: o:xidase enz> .. me couJ.ci be re5pcnsible: 'f'o2~ the 1ow 

af'finity Oz u.p"t.é1}:e showed. not apparent when 

succinate or ~alate were used as substretes (no~ shoKn). 

Membrane!::. of n)i cro~erophi 1 ic or 1 a-t..e.- ~t.ationary ae:robic cel ls 

(CFN42) tested with NADH or ascorbate-TMPD (not sho~n) ~howed e.gain 

two l':inetic component.s toward:;;, oxygen, witl-.:. Km value!?, of 3 µt1 and 721: 

_.µM respectively_ Since -:.1-1i5 type o:f mem1:.:ra:-i.e:=. we:re shown to canta.in 

cyt dando as major oxidases (Barquera, et at, 1990, submLtted), the 

high a:ff inity Km value results Írom the combined activities of 
cytochromes d, aa

3 
ando. 

In co~tra5t to the above results, rnembranes oÍ cells obtained 

Írom 5t.atic anaerobic cul~ures showed meinly one single kinetic 

compor.ent, with either NADE (Fig. lD) or TM?D (not shown); i"L had a 

Km app v~lue oÍ 3 µ~ that according to tf"-1e zpect.roscopic examination 

5 



o:f thi s type o:f membranes ( Fi s. 3) rougl;>1y corresponds to d-type 

cytochrome oxidase.· Traces o:f the 1ow a:f:finity component cou1d be 

a1so detected. Thus ce11s obtained :from anaerobic-static cultures do 
not seem to expres.s sisni:ficant quantities or 
component. 

For cornparative purposes con.sumption 

investigated. Puri:fied bacteroids were sonicated 

were determined with NADH as .~oxygen uptake 
>¡el' 

the 1ow a:f:f inity 

by bacteroids 

(see Met.hods.:> , 

substrate. Two 

was 

and 

Km 

\:,C• ir: components were observed, one wi th a Km of 

lC). 
0 1-r- (Fig. 

cytochrome 

The a:frinity value or 7 

7 µM and another o:f 

µM, rather typica1 

29 µM 

o:f a 

oxida~e, may be attributed to cytochrome o type oxidase, 

since our 

S:)T"mbiosis 

stra.in does not seem to expres,,. cyt a.0
3 

. nor cy·t d in 

O'Bria.n and Haier, (not shown, Kr-e~~~iCh, al., 1973; 

1989). A 1ow arrinity component. as i e the cae e of aerobic or 

microaerophilic cultures (Km app: 72 -80 µM) could not be detected in 

bacteroids, instead kinetic cornponent with Km= 29 µM was 

detected, thi_,,,, misht be related to a cyt e which has been proposed 

(Appleby, 1978) to Iunction as oxidase in bacteroids. 

Validation or our 0
2
-uptake kineticz 

consider sorne technical limitations of 

Time rezponse of' the electrode is large 

determinations requires to 

the Clar1: 0
2 

e1ectrode: i) 

(t.__,.
2

= 3"fl zec) making this 
method more suit.able to record 0

2 
concentra""tion under st.eady-state 

conditions CDe Hollander an¿ Stouthamer,1983). ii) 0
2 

reaction rate 

at the electrode is fast.e:r than 0
2 

dif:fu5ion rate through the medium, 

and this ractor becomes critical at 1ow oxygen concentrations, 

there:fore r:m 0
2 

values obtained :fer cyt-oxid.;::.se:-., by this rnethod are 

overesti.:nated (De:: Hollande:r~ and ~'to1;"t..ha:mer, 1983). iii) Km 0
2 

values 

reported ~or bacterial cytochrome oxida5e ranged between 0.002 to 10 

µM,, thu.= near to the 5en5itivit.y limit of tl-1i:: standard pol.!:.rographic 

tecl->.r1ique (Pool e, 1983). Due to a limitation of the experimental. 

6 
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eva1uate the c"'1ltribution system. we cou1d not 

cytochrome oxidases. (cyt aa
3

, o and d) ín R.phaseoli, 

o:f individua1 

in the diverse 

membrane preparations assayed (Fig. l) However. the sensitivity o:f 

the technique was adequate to distinguish the overa11 contribution of 

the cyt oxidases (Km 3-16 µM, Fig.1), as we11 as the contribut.ion o:f 

a putative a1ternative oxidase, with a very 1ow 0
2 

a:f:finity (Km app: 

75-80 µM). 

This low 0
2 

a:f:finity branch was detected (Fig.l) in membranes o:f 

aerobic and rnicroaerophilic grown ce11s. with NADH or ascorbate-TMPD 

as el.ectron donors, but was not detected when succina.te, mal.ate or 

yeast cyt e (reduced by ascorbate) were the el.ectron donor~. The low 

0
2 

affinity branch was not detected_ in anaerobic grown cells, nor in 

bacteroids, that sugg:ests that Oz i.=. involved in its expression. 

In.h.i.bi. tors. To s«in insight abc-ut the nature o:f the low 0
2 

-

a:f:finity branch. the action of quinacrine and cyanide on the membrane 

respiration stimulated by NADH, oscorbate-TM?D ar ascorbate-yeast cyt 

c. .,.;oe- compared cell membranes that 

according to their º:z 
and 

(Fig.l) con ta in the lo\.: a:f'f'inity 

component (aerobic n:i croac.·robi e :free-living cultures) with 

membrane types that h.::=.d not show:-J. e u ch kinetic compont::nt ( anaerobic 

~ree-living cultures and bacteroids). 

The inhibition by quinacrine, a flavoprotein inhibitor (O'Brian 

and Haier, 1983) of' N~t..DH-depe:ndent rt::~pirat:ion of aerobic (Fig. 2A) 

and microaerobic cell membranes (not shown); 50% o:f the activity was 

inhibite¿ by 2.5 

85% inhi"biti0:-.:.. 

µM quinbcrine, while 200 µM was rl'::=quired to reach 

ana.¿:robic Ir .. te.::-e::..ti:-:.gly, n1embranes obt..!:!ined f'rom 

grown cells or f'rorr: bacL..eroid 

quinacrine concentrotions (i.e 80%, 

by uptaY.e .stimulated 

7 

were severely inhibited by low 

inhibition at 5 µM, noi.... shown). 

asccrbate-TMPD in a.e rabie cell 

j 

¡ 
' 



membranes was inhibited 20% by 200 

.Wft.5 hardly af:fected 

quinacrine (Fig. 

by concentrations 

2B); 

of to 

the 

2.5 rema ining acti vi ty 

mM) of quinacrine. However, when TMPD dependent electron :flow through 

the cytochrome oxidase was arrested b;i.• 10 µM KCN the remaining 

severely non-cyanide sensitive activity (20% o:f the total) was 
inhibited by 200 µM quinacrine which caused 70% inhibition (Fig. 2B), 

as a control. quinacrine up to 2. 5 mM failed to i.nhibit TMPD oxidase 

:f rom Bac L l. l. us cereus (not shown) aerobic respiratory system which 

contains cyt aa
3 

ando as terminal oxidase (Esca.milla, et aL, 1987). 

0
2 

uptal':e stirnulated b:;~ exogen0ue cytochrome e in aerobic 

P-h.izobi"U17l pha.seol i membranes was fully insensitive to quinacrine up 

to 2. 5 mM. Thus, the low oxygen affinity branch is not reduced by 

el.ectrons :from cyt e, and in conseqüe-nce in~ensitive to quinacrine. 

Above re.e.ults led U5 to predict that 0
2 

titration curve oÍ TMPD 

oxidase of aerobic R. pha.·seoZ. t: membrane.5 in the presence of quinacrine 

should behave very like to the 0
2 

titration curve obtained with yeast 

cyt e as electron donor (Fig. 1lf). The low 0
2
-a:ffinity slope 

previousl;¡.• ob.served (Fig.1B) in the oxygen titration ª""'ªY o:f TMPD 

oxidase was a.bclished when 2. 5 mH quinE:.crine wa!:. included in the 

as.say (Fig. lF J. T1-"1e remaining electron transport inhi "bi ted one 

single component with a Km opp= 16 µM. Thus the respiratory activity 

linked to the low 0
2

- a:ffinity component was abolished by quinacrine. 

These finding~ suggest the participation of a flavoprotein. Moreover, 

quinacrine failed to inhibited TMPD e>>:idasE:: acti.vity in membrEJ..ne 

preparations obtáined Írom 

bacteroids (not shown). 

It i.e well known th~t 

anaerobic grown 

reduction of" 

cell.s or from mature 

flavoprotein can be 

detected sp~ctrosco~·ically by the bleac1'1ing of its absorption band 

aroun.d 450 nrn. A!;.cor!.:1ate-TMPD rn.t:n..u: air oxidized spectra (Fig. 3) of 

rnembranes Irom aerobic grown cells clearly showed a trough at 455 nm; 

this signa.l wa.:s abser.:.t in mernbra.nes obtained from anaerobic ceJ.l 

B 



membranes (Fig.3). 

NADH deh),Jdroeen.as.:. NADH dehydrogenase activity was determined 

(Tabl.e 1) in membranes o:f aerobic, microaerophilic, anaerobic and 

mature bacteroíds, using DCPIP (E o +217 mV), and potassium , 
:ferricyanide (E o= +360 mV) as alternative electron acceptors. NADH 

dehydrogenase: DCPIP acceptor acti vi ty in aerobi e and microaerophi 1 ic 

grown cel.1.s were about 60X. ( 200 and 228 nmol. o:f reduced DCPIP mg 

protein-•. min-• respectively) o:f the maximal NADH oxidase activity 

in the same type o:f membranes ( 300 and 673 ng atoros o:f consumed 0
2
.-

.---- mg protein-s.. min-!I. 
1 
respectively). These values hardly increased when 

DCPIP assays were per:formed under anaerobic conditions (not shown), 

suggesting that DCPIP titrated not more than two thirds o:f the NADH 

supported electron transport. W-nen NADH dehydrogenase was titrated 

with potassium :ferricyanide, the resulting activity values (Table 1) 

were six times higher than those detected by DCPIP. Interestingl.y, 

titration of NADH dehydrogenase with DCPIP in anaerobic grown cells 

or mature bacteroids gave almost the same activity (i.e. 376 and 440 

nrnol. ms protein -J. . rnin re5pectively). .?.lso, the NADH 

dehydrogenase activity level detected in anaerobic or bacteroids 

cell.s roughl.y corresponds to the electron transport capacity measured 

as NADH oxidase (i.e. 448 and 210 

-:1.-min-srespect.ively). Thus, it is 

insensitive NADH-dependent activ:i.ty 

ng at..oms 

suggested 

o:f aerc,bic 

o:f mg protein 

t.hat the DCPIP 

and microa.erophilic 

cell rnembrane5 could be 

is expressed in those 

anaerobic and bacteroid 

related to the 

types o:f cell.s, 

cells. 

1.ow 0
2 

- a:f:f ini ty branch that 

this is not expressed :in 

Since the experi.ments with the e.lternative electron acceptors7 

DCPIP and K-Íerricyanide, suggested the presence o"I two di~tinct NADH 

dehydrogenase systems in aerob:ic .and microaerophilic g:rown cells. 

Thus, ~ uptake at various NADH concentrations in aerobic grown ce11 

9 



<-/ 1 
membranes (Fig. 3A) and bacteroids (Fis. 3J3) was determined. Hofstee 
plots, of 

components. 

the 

or1e 

'former 
with a 

case,. 

Km a.pp 

classical NADH dehydrosenase 

showed the 

l6 µ!1 that 

(Dancey et 

pres en ce 

nearly 
of two 

correspond 

kinetic 

to the 
at, 1976), and a second 

kinetic component with a Km opp = 75 µM; 

presurned alternative flavoprotein 

this could correspond to the 

oxidase. Alternatively the 
appearance of the two affinities towards NADH rnay be due to different 

popul.ations of right si de and inverted membranes vesiclee; however 

the same Km val.ues were obtained in sonicated ( 1 rnin, maximal output', 

f 7;,·~t;how-;:;)-preparatrons. In the case of bacteroids membranes, the 

NADH-plot obtained (Fig. ~E) showed only one kinetic component with a 

Km app 15 µM; most likely this corresponds to the high affinity 

dehydrogenase detected in aerobic c~ll rnembranes. 

NADH oxi..dc:.se photo-i.nac t ivat ion. CU V 360 r-...m.>. The above results 

suggested that aerobic and micro~erophilic grown 

alternative NADH-dehydrogenase with low affinity 

cel.ls contain 

for NADH, and 

an 

a 

pre:ference Íor K-:ferricyanide selectivityJ over DCPIP, as terminal 

electron acceptor. To a5certain if this electron transport contained 
ubiquinone-cytochrome system. the effect of 

ubiquinone-photoinactivation (Escamilla and Benito, 1964) on the NADH 

oxidase activity of e.erobic and anóerobic cell mernbra:ne.s was 

determined. Membrane sa.rnplee were continuou.ely irradiated (U. V. 360 

nm, s~e Methods), and samples were 

(Fig.4). NADH oxidase in aerobic 

withdrawn at the indicated times 

----resistant to photoinactivation i. e. a 

cell rne:rnbranes was 

two hcur irradiation 

partially 

led to the 

inactive:.tion of" not. more than 70% of the initia.l aetivity; in these 

sarnples, NADH f"ailecl to reduce to a signif'icant. extent the 

0!'! ~he ot!-.ie=- hand, N.t..~DE oxida= e acti vi ty in 
se 

mernbra.nes of anaerobic cultured cell.e (Fis.~L open eymbols) was 

almcst. com.pletely abolizhed a:f-t.e:r 90 min of irradiation. U.V. 

10 



1 l 

photoinactivation 

de1eterious e:f:fects 

of 

on 

the two preparations studied 

NADH dehydrogen~e activities 

showed no 

(DCFIP and 
K-:ferricyanide: acceptor activities) nor on TMPD oxidase, when 

compared with activities in native membranes (not shown). 

The physiolosical role o:f the electron transport !3ystem here 

described is stíll out oÍ scope, however, considering its low 

a:f:finity toward.s NADH and its ubiquinone-cytochrom<= independent via 

to 0
2

, it is temptins to sugge5t that thi5 system may be actins as a 

:futile oxidative pathway, active when ever NADE concentration levels 

increases above critical redox values and 0
2 

tension is su:f:ficiently 

high. 
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LEGENDS FOR FIGURES 

Fii;.1. Ho:f"s:t...ee plot. :s:ubs:t..ra.t..e 0
2 

upt.;a.ke-- k.inet...ic:s: o:r 

R.ph.a.seoi.: <CFN42 or CES> meJnbr.a.nes. Act...ivit...y wa.s mea.:s:l..1.red 

pola.robraphically in 3 ml cuvet..t...es: as s:t..at..ed in Mat.eria.1. .and Met...hods,. 

va.ryin~ 0
2 

con.c:ent...rat..i.on. 

A. NADH oxidase 

<CFN42>. 

NADH. 

B. 

1. mt;; membrane 

THPD oxidase 

ac:t...ivit..y :f"':rom lo~-a.erobic: 

prot...ei.n wa.:s: inc:u.bat..ed in t..he 

.act.ivit.y Crom loe;;-a.erobic: 

cell rnembra.nes: 

presence o-f" 5 mM 

cell membra.ne:s: 

<CFN42>. 1. m~ mem.bra.ne prot..ei.n wa.s ~nc:ubat...ed in t.he pre:senc:e o'C 10 mM 

a.s:c:orbat...e plus O.~ mM TMPD. 

c. Cyt,ochrome e oxidase a.ct.ivit.y 

mernbranes. 1. me; mernb:ra.ne protein wa..s 

ot: R.phaseoLi 

inc:u..bat..ed wit..h 

lo~ aerobic 

1.50 µM yeas:t. 

c:yt..ochrome e a..n.d 10 mM. a.s:corbat..e. Act...ivit..y was: det..errnined in 50 rnM 

HEPES <N-2-hydro,.,,-yet..hylpiper.azine-

7 .4. 

N-2-et..hanesulforrlc a.cid:> buft:er pH 

D. NADH o>...;.das:e :C:rom anaerobic cell membr-anes:,, k.inet...ic pat..t..erns 

,,.,.as; mea..sur-ed similar t.o A. 

E. NADH from sonicat..ed bact...eroid.s:. 1-5 mt;; bact.eroid.s 

were us:ed ,,._..it..h 5 mM NADH. Bact...eroid.s '\•tere prepared as st....a:t...ed in 

Materia1 and MeLhods. 

F. Tl'-{Pl> oxida.se rrom lo:; aerobic cell membrar1es ir1 t...he presence 

of" 2.5 mM quin.a.crine. Act....ivit....y wa..s mea.su:r·ed similar t.o B. 

Fi¡:;;.2A. of' qu.in.acrine en NADH act...ivit.y 

P..h.izobi-uni. phaseol.i <CFN42 or CES> ae:rc,bic c::ell mernbranes. 0.5 mi;; 

membrane prot..ein were used a.nd 5 mM NADH. Quin.a.crine was dissolved in 

50 mM T:ris:-HCl pH 7. 

Fit;;.2B. Quina.crine t..it.rat..ion ascorba.t..e-TJ'-{PD act.ivit..y 

of" Rl-Li.zobi-um pl'-i.a.seo Z. i. <CE3:> aerobic cell membranes. 1.m~ oí" rnern.bra.rie 

prot.ein ""·as s:t..imul.a.t..ed wit..h 1.0 mM ascorbat..e- 0.1 mM TMPD ir. t.he 



presence of inclic:::a.t...ed qu.i.nacrine c:::oncent...rat...ion:s:. <•---- wit...hout... KCN; 

o---o 1.0 µM KCN>. 

in 

Fi~.3. As:corbat.e-TMPD dependent. 

membrane pa.rt...icles of R. phcz.seo l. i. 

were incubat..ed 20 rnin a.t... 

reduct..ion pat...t.ern 

<CFN42:>. Sample:s: 

:room t.ernp.p 'W'"it.h 

<5 

1.0 prot...ein"> 

plus 0.1. :rnM TMPD. The s:pect.ra 

A. An.a.erobic 

were recorded 

re-rerences. Trace c:ell rnembran.es. Trace 

c:::ell rnernbr.anes. 

of cyt...ochrome 

m~ 

:rnM 

air 

membrane 

a.s:corba.t..e 

o>Ci.dized 

B. Loi;;-aerobic 

Fi~. 4.A. Kinet.ic:s: of" NADH-dependent. ac1.-ivit.y <NADH oxida.se> of" 

R.phcz.seo l. i CCFN42 or CE3 :st.:rain.s) aerobic::: cell memb:ranes. 1. m:; of 

Tnembrane prot...ein was 

4B. Kinet...ics of· 

u.sed. Ho:Cst...ee plot. is: :s:hown. 

NADH-dependent. act.ivit.y <NADH oxidase act.ivi1.-y::> 

0.4 mi:; of" o'C' Rhizobium. pf-v=i .. seol. i <CFN42 s:t...:r·ain:> sonicat...ed bact...eroids. 

ba.ct..eroid pr-ot...ein were u.sed. Ho!'·s:t..ee plot.. is sho""'·n. 

Fi~- 5. Ef'":Cect.. o'!:.' UV-ll~ht... ubiquinone 1.nac'Liva.Lion o ver NADH 

oxidase ac'Livit.y. P.fLi.zobi.u..m. phase-ol. i <CF'N42') aerobic ~cr-oaer--obi-c 

cell membranes:,. <•---•> anaer·obic cell membr.a.nes. <e---- ... '). In bo'Lh 

ca.ses '1 mg 01... mem.bra.ne prot.ein .a.nd 5 rnM NADH we:re u.sed. 

1.5 

-! 



IAI!LE .l........ .liAilli DE?ENPENT ACTIVITIES~ ..IN MEMBRANE PREPARATIONS 
OF RhLZOOL"LUn pha..seolL (CFN42). 

Acceptor: 

PREPARATION o 
2 

DCPIP C:1:> FERRICYANIDE C2:> RATIO C 2/:1 :> 

Aerobic grown ce11s 300 

Microaerophi1ic 

grown ce11s 

Anaerobic 

grown ce11s 

Mature bacteroidsb 

Activity with 
reduced e1ectron 

673 

448 

210 

DCPIP and 

accept.or. 

200 

376 

265 

:ferricyanide 

mg 

1200 

is . _._ 
min 

1450 

440 

310 

expressed 

and :far 
as 

the 

as n gram atom 

protein 

o:f mg 
. -:l. . -:l. protein . Tl'l'Ln • 

6 

6 

1.1 

1.1 

nmo1 o:f 

oxidase 

Culture activitie.s 

procedures 

Methods-
and activity assays 

o ... 
were per:formed as described in 

b. Mature bacteroids, 21 days o1d bacteroids. 
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