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SUMMARY

Many microorganisms are ab le  to  use the energy der ived f rom
the  ox ida t i on  o f  C r -  compounds  t o  syn thes i ze  ce l f  ma te r i a l  f r om
these compounds v iá  spec ia l  metabol ic  pathways.  fn  the past  ten
yea rs  t he  phys Ío logy  and  b iochemis t r y  o f  m i c roo rgan i sms  ab le  t o
g row  on  C r -  compounds  has  been  i nves t i ga ted  ex tens i ve l y .  Howeve r ,
so  f a r  l i i t l e  a t t en t i on  has  been  pa id  t o  t he  regu la t j - on  o f  t he
s y n t h e s i s  o f  e n z y m e s  s p e c i f i c a l l y  i n v o l v e d  i n  t h e  C . , -  a s s i m i l a t i o n
pa thways .  A  f ew  yea rs  êgo ,  s tud ies  on  t h i s  r egu la to i y  p rob lem
were  i n i t i a t ed  i n  ou r  l abo ra to ry .  As  a  f i r s t  app roach ,  t he  regu -
l - a t i on  o f  t he  enzymes  o f  t he  Ca1v in  (RuBP)  cyc le  was  i nves t i ga ted .
Th i s  pa thway  i s  p resen t  j - n  pho tosyn the t j - c  o rgan i sms  and  i n  bac -
te r i a  wh i ch  a re  ab le  t o  syn thes i ze  ce l1  ma te r i a l  v i a  ass im i l a t i on
o f  CO2  t  ene rg i zed  by  t he  ox ida t i on  o f  i no rgan i c  compounds ,  l i ke
th íos i l pha te  and  hyd rogen  gas .  Th i s  so -ca1 Ied  au to t roph i c  A row th
i s  a l - so  poss ib l e  i n  a  re l a t i ve l y  sma l - I  g roup  o f  bac te r i a  wh i ch
ene rg i ze  t h i s  p rocess  by  t he  ox ida t i on  o f  s imp le  o rgan i c  compounds ,
l i ke  me thano l  and  f o rma te .  The  bac te r i - um Pseudomonas  o ra la t i cus
OXI  be longs to  th is  group because the organism grows autot rophic-
a l l y  on  f o rma te .  When  the  o rgan i sm i s  g rown  on  a  "he te ro t roph i c "
s u b s t r a t e  ( e . g .  o x a l a t e ,  g l y o x y l a t e  a n d  a c e t a t e )  t h e  e n z y m e s  o f
t he  Ca1v in  cyc le  a re  absen t  and  ce l l  ma te r i a l  i s  syn thes i zed  by
the  ass im j - l - a t i on  o f  t hese  o rgan i c  compounds .  Th i s  bac te r i um i s
the re fo re  a  f acu l t a t i ve  au to t roph  and  because r  às  i nd i ca ted  above ,
i t  p resumab ly  regu la tes  t he  syn thes i s  o f  Ca l - v i n  cyc le  enzymes  i n
an  e f f i c i en t  manne r ,  i t  was  se lec ted  as  a  mode l  o rgan i sm fo r  t he
p r e s e n t  s t u d y  ( c h a p t e r  1 ) .  S i n c e  f o r m a t e  i s  a n  i n t e r m e d i a t e  i n
t h e  d i s s i m i l a t i o n  o f  o x a l a t e  ( C r -  c o m p o u n d ) ,  m e t a b o l i c  r e g u l a t i o n
dur ing growth on oxa la te  and on mix tures o f  oxa l -a te  and formate
w a s  s t u d i e d  a s  w e l l - .

Oxala te  and formate are both tox ic  for  the organism and cause
p rob lems  when  used  i n  concen t ra t i ons  requ i red  f o r  g row th  i n  ba t ch
cu l t u re .  I n  o rde r  t o  op t im i ze  t he  cond i t i ons  o f  g row th ,  a  k i ne t i c
s tudy  o f  t he  i nh ib i t o r y  e f f ec t s  o f  t hese  compounds  was  pe r fo rmed
(chap te r  2 ) .  Op t imum g row th  was  ob ta ined  a t  r e l a t i ve l y  l ow  and
cons tan t  concen t ra t i ons  o f  oxa la te  o r  f o rma te  i n  t he  cu l t u re  when
the rap id  increase in  the pH of  the cu l ture  dur ing growth on these
subs t ra tes  was  coun te rac ted  by  t he  con t ro l l - ed  add i t i on  o f  oxa l i c
ac id  and  f o rm ic  ac id ,  r espec t i ve l y  ( ex tended  cu l t u re  t echn ique ) .
f n  t h i s  way  max imum spec i f i c  g row th  ra tes  and  h igh  ce l l  y i e l ds
were  ob ta ined  a t  concen t ra t i ons  o f  app rox ima te l y  f 5  mM oxa la te
o r  20  mM fo rma te  i n  t he  cu l t u re .

ïn  addi t ion to  the tox ic  nature o f  oxa la te  and formate,  growth
on  t hese  subs t ra tes  causes  a l so  spec ia l  p rob lems  because  o f  t he i r
h i oh l y  ox id i zed  s ta te .  Comp le te  ox id .a t i on  o f  oxa la te  and  f o rma te
to  COz  resu l t s  i n  t he  p roduc t i on  o f  on l y  two  e lec t rons .  To  s tudy
th i s  i n  more  de ta i l -  t he  ene rge t i cs  o f  g row th  o f  Ps  eudomonas  o raL -
a t í cus  on  t hese  subs t ra tes  was  i nves t i ga ted  ( chap te r  3  and  4 )  .
Whereas the energy y ie ld  f rom the ox idat ion o f  oxa l -a te  and formate
i s  t he  same ,  t he re  i s  a  l a rge  d i f f e rence  i n  t he  ene rgy -  and  reduc -
i ng  power  requ i remen t  f o r  t he  syn thes i s  o f  ce l l  ma te r i a l  du r i ng
g row th  on  t hese  subs t ra tes .  Ene rge t i ca l l y ,  au to t roph i c  CO,  f i xa t i on
dur ing growth on formate is  a  far  more expens j -ve process Lhan
he te ro t roph i c  ca rbon  ass i -m i l a t i on  f r om oxa la te .  The re fo re  i t  was
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very  surpr is ing to  f ind that  the molar  growth y ie lds o f  the organ-
i sm on  oxa la te  and  f o rma te  we re  ra the r  c l - ose .  Fu r the r  j - nves t i ga -
t i ons  showed  tha t ,  when  compar i ng  t he  me tabo l i sm  o f  oxa la te  and
fo rma te ,  t he  ene rgy  requ i remen t  f o r  t he  t r ans loca t i on  o f  t hese
compounds  f r om the  med ium in to  t he  ce l l  i s  r a the r  d i f f e ren t .  Fo r
oxa la te  t r anspo r t ,  v i a  an  i nduc ib l - e  ac t i ve  t r anspo r t  sys tem,
about  tw ice as much energy is  requi red as for  formate t ranspor t ,
wh i ch  occu rs  v i - a  pass i ve  d i f f us i on .  The  resu l t s  i nd i ca ted  t ha t
du r i ng  g row th  on  oxa la te  abou t  502  o f  t he  ene rgy  po ten t i a l l y
ava i l ab le  i n  t he  subs t ra te  i s  r equ i red  f o r  i t s  t r anspo r t .  Th i s
d i f f e rence  i n  ene rgy  requ i remen t  f o r  t he  t r anspo r t  o f  t he  subs t ra -
tes exp la ins why the molar  growth y ie lds on the two subst ra tes
a re  s im i -  l a r .

The  resu l t s  o f  s tud ies  on  t he  regu la t i on  o f  t he  syn thes i s  o f
key  enzymes  i n  t he  spec i f i c  ca rbon  ass im i l a t i on  pa thways  du r i ng
growth on mj-x tures o f  the "autot rophic"  subst ra te  formate and a
"he te ro t roph i c "  subs t ra te  i n  ba t ch -  and  i n  con t i nuous  cu l t u re ,
a re  p resen ted  i n  chap te r  5 ,  6  and  7 .  I n  ba t ch  cu l t u re  t he  syn -
thes i s  o f  enzymes  o f  t he  Ca l v j - n  cyc le  was  s t rong l y  rep ressed  i n
the  p resence  o f  t he  "he te ro t roph i c "  subs t ra tes  ace ta . t e ,  g l yco l l -
a te  and g lyoxy la te .  Formate on ly  funct ioned as an anc j -11ary  energy
sou rce  i n  t he  me tabo l i sm  o f  t hese  subs t ra tes .

A l t hough  rep ress ion  o f  au to t roph i c  enzymes  was  a l so  ev iden t  i n
ca rbon -  and  ene rgy - l im i t ed  con t i nuous  cu l t u res ,  t he  deg ree  o f
t h i s  r ep ress ion  was  l - ess  s t rong  and  depended  on  t he  d i l u t i on  ra te
and  the  ra t i o  o f  t he  concen t ra t i ons  o f  t he  "he te ro t roph i c "  sub -
s t ra te  and  f o rma te  i n  t he  med ium rese rvo i r .  Fo l l ow ing  t he  obse r -
vat ion that  the presence of  formate does not  a lways resu l t  in
syn thes i s  o f  Ca l v i n  cyc le  enzymes ,  whe reas  syn thes i s  does  occu r
a t  l - ow  d i l - u t i on  ra tes  i - n  an  oxa la te - I im i t ed  con t i nuous  cu l t u re
and  i n  a  mu tan t  w i t h  a  b l ock  i n  t he  ca rbon  ass im i l a t i on  pa thway
f rom oxa l -a te ,  i t  was  conc luded  tha t  syn thes i s  o f  Ca l v i n  cyc le
enzymes  j - s  no t  i nduced  by  f o rma te  bu t  r egu la ted  by  a  de rep ress ion /
rep ress ion  mechan i sm.  The  seeming l y  i nduc t i ve  e f f ec t  exe r ted  by
formate on the synthes is  o f  these autot rophic  enzymes is  there-
f o re  caused  by  i t s  f unc t i on  as  an  ene rgy  sou rce ,  p resumab ly  re -
duc ing  t he  i n t r ace l l u l a r  concen t ra t i on  o f  i n te rmed ia tes  f o r  b i o -
s y n t h e s i s  o f  c e l - l -  m a t e r i a l ,  i n c l u d i n g  t h e  r e p r e s s o r  m o l e c u l e ( s )  ,
wh i ch  resu l - t s  i n  de rep ress ion .

The  ava i l ab le  ev idence  i nd i ca tes  t ha t  t he  enzymes  spec j - f i ca11y
invo l ved  i n  t he  me tabo l i sm  o f  oxa l -a te  a re  i ndeed  i nduced  by  oxa l -
a te  o r  a  c l ose l y  re l a ted  me tabo l - i t e .  I n  t he  me tabo l - i sm  o f  oxa la te
oxa l y l -CoA  i s  s i t ua ted  a t  t he  b ranch  po in t  o f  t he  d i ss im i l a to r y -
and  t he  ass im i l a to r y  pa thway .  To  regu la te  t he  f l ow  o f  oxa la te
carbon over  these two pathways in  a  ba lanced way the organism
mus t  possess  some  add i t i ona l  con t ro l ,  mechan i sm.  Ev idence  f o r  t he
p resence  o f  such  a  con t ro l  mechan i sm was  ob ta ined  i n  expe r imen ts
i n  wh i ch  a  cu l t u re  o f  t he  o rgan i sm was  t r ans fe r red  f r om oxa la te
to  f o rma te .  Th i s  t r ans fe r  r esu l - t ed  i n  a  3 - f o l d  i nc rease  i n  t he
in t race l l u l a r  r a t i o  o f  NADH, / t o ta l -  NAD and  a  1 .5 - f o l d  i nc rease  i n
NADPH/ to ta l  NADP ra t i o .  Ano the r  i nd i ca t i on  f o r  con t ro l  ove r  t he
f l -ow of  oxa la te  carbon was obta ined in  cont inuous cu l ture  exper i -
ments .  When formate was added to  the reservo i r  o f  an oxa l -a te-
l i -mi ted cont inuous cu l ture ,  the f low of  oxa la te  carbon over  the
ass im i l a to r y  pa thway  i nc reased  w i t h  t he  i nc reas ing  concen t ra t j - on
o f  f o rma te  i n  t he  f eed .  These  resu l - t s  i nd i ca te  t ha t  t he  d i s t r i bu -
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t i on  o f  oxa l y l -CoA  ove r  d i ss im i l a t i on  and  ass j -m i l a t i on  i s  p resum-
ab l y  regu la ted  by  t he  ce } I  i n  a  s imp le  wa l r  name ly  by  t he  re l a t i ve
leve I s  o f  r educed  and  ox id i zed  py r i d i ne  nuc leo t j - des .

W h e n  P s e u d o m o n e s  o n a L a t i c u s  w a s  g r o w n  i n  b a t c h  c u 1 t u r e  o n  m i x -
tures o f  acetate  and oxaLate or  formate and oxa la te  d iaux ic
g row th  was  obse rved  w i t h  ace ta te  and  f o rma te  u t i l i zed  f i r s t .  The
ava i l ab le  ev idence  j - nd i ca tes  t ha t  t h i s  i s  caused  by  e f f ec t s  o f
formate and acetate  on the oxa ly l -CoA cyc le  in  the metabol ism of
o x a l a t e  ( c h a p t e r  8 ) .  S i m u l t a n e o u s  u t i l - i z a t i o n  o f  b o t h  s u b s t r a t e s
f rom these  m ix tu res  was  obse rved  i n  ca rbon -  and  ene rgy  sou rce -
l im i t ed  con t i nuous  cu l t u res  ove r  a  range  o f  d i l u t i on  ra tes .  S ince
under  the la t ter  condi t ions o f  growth the concent ra t ion o f  these
subs t ra tes  i s  l ow ,  compared  t o  g row th  i n  ba t ch  cu l t u re ,  t h i s  i n -
d i ca tes  t ha t  i n  Na tu re ,  w i t h  l - ow  and  l - im i t i ng  concen t ra t i ons  o f
ca rbon -  and  ene rgy  sou rces ,  s imu l t aneous  u t i l i za t i on  o f  homo-
logous  subs t ra tes  w i l l  be  t he  p redominan t  cond i t i on .

The  p resen t  s tudy  es tab l i shed  t he  i nvo l vemen t  o f  a  cy top lasm ic
membrane-bound formate dehydrogenase in  the metabol ism of  both
oxa la te  and  f o rma te .  I n  s tud ies  w i t h  cy top lasm ic  membrane  ves j - c1es
i t  was  shown  ( chap te r  9 )  t ha t  t h i s  enzyme  feeds  t he  e lec t rons
der j -ved f rom formate ox idat ion in to  the resp i ra tory  cha in  a t  the
leve l  o f  cy toch rome  b .  S ince  t he  a f f i n i t y  cons tan t  (Km)  f o r  f o rm-
ate o f  the cy top lasmj-c  NAD-dependent  formate dehydrogenase and
the membrane-bound enzyme are o f  the same order  o f  magni tude,  i t
has to  be expected that  both enzymes compete for  formate ins ide
the  ce l - J , .  Phys io l og i ca l l y ,  t he  two  impo r tan t  p rocesses  o f  gene r -
a t i on  o f  r educ ing  po \ ^ re r  f o r  b i osyn thes i s  and  membrane  ene rg i za t i on
for  ATP synthes is  and other  energy requi r ing purposes may thus
be  accomp l i shed  by  t he  two  sepa ra te  enzymes .
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