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i i . 

ABSTRAC'r 

Propionib acteria po s se s s  a m�mbran e -bound e le ctron 

transport system coupl ing ox idat ion o f  several s ubstrate s 

to reduct i on o f  fumarate or oxygen . Publ i s hed work has 

ind icated that the e lectron t ransport system con s i s t s  o f  

the fol lowin g : dehydrogenases for NADH , lactate , glycerol 

pho s phate and succinate; menaquinone ( I I , I I I -te trahydro­

menaquinone - 9 ) ; cytochrome s b ,  a ,  d and poss ibly o ;  

terminal oxidase ( s )  and fumarate reductase . Menaquinone 

has been demons trated t o  be an obli gate component o f  

e lec tron t ranspo rt to fumarate but the re i s  d i s agreement 

in the l i te rature c on c e rning th e role of the b-cytochrome 

components in the e le c tron transport pathv1ays .  In the 

pre s ent s t udy , the e f fe c t  of a nuwber of inh ib i tors on 

e l e c t ron tran�port from NADH , D- and L-lac ta te and succ inate 

to oxygen and to fumarate was investigated with the a im 

o f  e lucidating t he relati onsh ip b etween the aerobi c  and 

anaerobi c  pathways for oxidat ion o f  these sub strates and 

the role o f  the cytochr�me component s in these sys tems . 

Membranes were p re pa red by b reaking l ac tate -grown 

c e l l s  o f  P. shermanii ATCC 9 6 1 4  i n  a Hughes p re s s  and 

separating memb rane s from solub le c omponents by di f fere ntial 

centr i f ugation w i th a final centri fugation ov�r a s tep\..; i se 

suc rose gradien t . 

Spectrophotometric analy s i s  o f  pyridine hemochromogen 

derivative s showed the p re sence o f  s igni fican t  quan t i t i e s  

o f  cytochromes b and d ,  but d i d  no t de tect t he p re sence o f  

cytochrome a or c .  The cytoch rome s were a l so characte ri z e d  
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by redox t i trimetry at room temperature and by analy s i s  o f  
/ 

l ow temperature s pec tra o f  redox-·poi sed· membranes .  The se 

expe r iments ind i c ated the presence o f  four b -type cyto chrome s 

with a-absorption pe aks ( s ubs crip t )  and approximate mid-

point redox poten t i a l s  at pH 

fo l lows : b 5 6 2 _ 3 ( +1 2 0  mV) ; 

7 {bracketted f i gure s ) as 

HP · L P  b5 5 6 _ 7 ( +9 0  mV ) ; b 5 5 6 _ 7 ( -2 0  

mV ) ; b 5 5 3 _4 (,....2 0  mV ) . A midpo int potenti a l  a t  pH 7 for 

cytoch rome d o f  approximat e ly +150 mV was determined f rom 

room temperature t itrations . 

O f  seve ral inh ib i tors surveyed for e ffe c t s  on e l e c t ro n  

transport activi t ie s  o f  memb rane s , pCMB ,  d i cumaro l , UV 

l ight and cyanide were s e lected for detailed s tudy . 

Dicumaro l wa s parti cu l ar ly e f fective as an i nh i b i tor o f  

L-lactate dependent activitie s . L-l actate -dependent 

reduct ion of oxygen ,  D IC P I P  and Fe ( CN ) 6 was inh ibited by 

a concentrat i on o f  dicuma ro l 1 0 3 times le s s  than tha t  

required f o r  comp ar ab l e  inh ib i tion o f  the corre sponding 

D - l actate and NADH dependent activitie s .  Thi s  indic ate s 

e ither tha t  the L - l actate dehy drogenas e  has d i s t in ctive 

?icumarol - sensitive compon ents or that i t  i s  inte grated 

in the membrane in a manner which enhance s i t s  acce s s ib i l i ty 

to dicumarol . The f ac t  t hat the D-l actate -coupled 

activitie s are ve ry s table whi le the L- lactate dependent 

a ctivi t i e s  are unstabl e also indi cate s th at t he two l ac tate 

dehydrogenase s ys tems h ave d i f ferent propert i e s . 

Ultra�iolet l i ght i rradiation cau sed a rapid inactivation 

o f  NADH- and D - l actate - fumarate oxido reductases but a 

s l<;:>.wer inac tivat ion o f  NADH and D- lac tate ox·idase s . Th i s  

was inte rp re ted t o  i ndic ate that e lectro n  t ransport to 
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fumarate has an ab so lute requi rement for menaquinone wh i le 

a porti on o f  the ox idase activi ty did not requi re 

menaquinone . 

All e le ctron transport a ctivitie s we re inhibited by 

-4  
. 

pCMB at a concen tra t i on around 1 0  mo les per g ram protein 

but NADH-dep endent red ucti on o f  oxygen , Fe (CN) 6 and DICP IP 

was inhibi ted to a maximum of only 5 0 % . 

Th e pCMB t itrat i on c urve s for inhibition o f  NADH-
� 

dependent activitie s and the s igni ficantly h i gher reduct i on 

o f  cytochrome b by NADH than by D- o r  L - l actate i n  the 

presence of i nhibi tory concentrations o f  pCr.ffi sugge s t  the 

presence of two independent dehydrogenases for NADH . 

However the c omp l ete i nh ib ition o f  NADH -fumarate oxidoreduc -

t a s e  b y  pCMB s ugge sts that only the pCMB -sens i t i ve dehydro-

genas e is i nvo lved in ele ctron transport to fumarate . 

Cyanide inhib i ted · D- and L-lactate - and NADH- dependent 

oxygen consump tion w ith an r 5 0 of about 2 mM . The 

r e l at ive ly l ow sens i t i vi ty to cyani de sugge s t s  th at 

c y tochrome d is the m a j or terminal oxi das e .  Thi s  i s  

consi s te nt with th e evidence f rom d i f ference spec tra o f  

cyan i de -inhibi ted aerob i c  s teady s tate membrane s indicating 

that cyanide bind s  to cyto ch rome d . and inhi b i t s  oxidation 

o f  cytoch rome b .  Al though a eo-bindi ng cytochrome b i s  

pre sent , the low cyan i de s:ens i ti vi ty and abs e nce o f  CO 

inhibition o f  oxygen uptake s ugge s t  that an o-type oxidase 

does no t contribute s i gni fic antly to oxygen uptak e . 

The e f fect o f  inhib i tors on reduct i on o f  Fe ( CN ) r and 
0 

DICPIP by a l l  four s ub strates was also systema t i c al ly 

in.ve stigate d . The re sults obtained from the s e  studie s 
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s u ggest multiple s i te s  o f  interact ion o f  the se a c ceptors 

with the etec tron t ran sport pathways, the points o f  

inte r action depending on both the nature o f  the a cceptor 

and o£ the reducing sub strate . 

Add i tion o f  fumarate c aused a dec rease o f  2 0 - 3 0 %  in 

the rate o f  oxygen con sumpt ion and in total oxygen con sumption 

a t  concent ra t i ons between 0 and 1 mM. No furt he r 

i nhibition occurred with increas ing fumarate conc entrations 

up to 1 0  mM, but concentrations above 1 0  mM inh i b i te d  f i r s t  

t h e  r a t e  o f  oxy gen c onsumpt i on a n d  then the tot a l  oxygen 

con sump tion unt i l  both we re comp l ete ly inhibi ted at 40  

mM fumarate� I nhibiJcion at low concentrations o f  fumarat.e 

i s  probably due to d i ve r s ion o f  a portion o f  t he e le c t ron 

f l ow f rom o xy gen to reduction o f  fumar ate . Thi s  

competi tion b etween oxy gen and fumarate for e lec t rons 

indicate s th at the pathway s to these two acceptors share 

common i n i ti a l  s tep s . · 

Comparison o f  cytoch rome di fference spect r a  o f  membranes 

i n  the aerobic and anaerobic s tate in the pre s ence and 

absence o f  .··,in .hibi tors indica te d  that UV , dicumarol and 

pCMB inhibi ted e lec tron trans port at s ite s on t he reduc ing 

s ite of the cytoch rome b components . Concentrat ions o f  pCMB 

whi c h  c omp l ete ly inhibited fumarate reduct i on appeared 

to leave cytochrome b 5 5 3 _ 4 large ly in the reduced s ta te in 

the anaerobi c  steady- s tate , but not in the ae rob i c  steady 

s tate suggesting that thi s cytochrome is not a component 

of e le ctron transport to fumarate . The other low potenti a l  

LP b type cytochrome b 5 5 6 _ 7 was oxidi zed by fumarate i n  the 

pre sence o f  pCMB , s ugges ting that i t  may be l o cated 
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vi . 

fumarate oxidized a t  l eust part o f  the cytoch rome b in UV-

i rradiate d  me�bran es , a p revious· s cheme for e le c t ron 

transport in thi s  organism in which cytochrome b can only 

be oxidi zed by fumarate via menaquinone was not suppor ted 

by the p re sent s tudy . 

Spectra o f  memb rane s in the aerobic s te ady s tate 

indica te d  a greater degree of reduction of cytochrome 

b56 2-
-3 

\vhen s uc cinate was re ducing s ubstrate than when D-

o r  L-la ctate or NADH was reducing s ub s trate . Thi s  s ugge s t s  

that the re w a s  a c l o s e  re lation ship between succ inate 

dehydrogenase and cytochrome b 5 6 2 _ 3 . S ince s u ccinate 

oxida s e  activity wa s low de spi te the presence o f  h i gh 

succin a te dehydrogenase activity , i t  i s  improbab le that 

b 5 6 2 _ 3 is part o f  an oxidas e . 

The p re s�nt s tudy did no t reso lve the que s ti on as to 

whether the re was a sin g l e  s uccinate dehydrogenase which 

fun ctions in vivo as the fumarate re ductase . Mo s t  evidence 

is c on s i stent with there b e1ng only orie enzyme sys tem but 

the f inding of two d i stinct K ( 
. 

t ) va lues for 
· m succ1na e 

succ inate - DI CP IP and succinate -Fe ( CN ) 6 oxidoreductase 

may indicate the pre se nc e  o f  two d i stinct s ys tems . 
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