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The oxidation of propionic acid by a marine bacterium 

I )ur ing the  c~mrbe ~,1 an invesl igat i~m c)f the metad~¢Aisnt ,~l baetcri;i  ¢~I lmlrinc ~ri~in, t~llt. 
~f them, desi~Znated l~l~ and t e n t a t i v e l y  ident if ied as :t s p e c i e s  ~l[" 31)'(opla*m I, ~ l s  I~mnd l~ 
exh ib i t  unusua l  behax iou r  ill its oxid~ltion of propionic acid. In view of the several  rep~irts which 
h a v e  appeared  recent ly  regard ing  the metabol i sn l  of pr()pionate in i n a l n l l l a l i ~ i n  tissues2.3.t.: ' .  ~, 
the  p resen t  observ~ltions, a l th(mgh el a pre l i l l l i l la ry  nature ,  appeared  to be w~wth rec,wdin g 

In Table  I are presented  d~tta, based ()is oxygen  up t ake  de te rmined  by the use (if t : ( ) u \ ' e l a t i o i l a [  

\Varburg  resp i romete r  techniques,  showing the ra te  and  e x t e n t  <~f (ixidati~m ,,1 ~everal C()II]IIOuutls 
by res t ing  cell suspensions  el l{i 0 growl? in var ious  media.  The end(~genous oxygen u p t a k e  has 
been sub t rac ted  from t h a t  observed in the  presence of added subs t r a t e s  in eah 'u lu t ing  the values  
recorded.  Whi le  this  procedure  canno t  be comple te ly  just i f ied on tile basis  of the d a t a  ;,\ ai lable,  
a cons idera t ion  el  the c(mrse of oxygen uptal¢e 115 ' res t in~ cells with sc\era{ d i l l e ren t  qUallti t ie~ 
of compounds  such as acetate ,  pyru \ ' a te ,  propionate ,  or succ ina te  as subs t ra tes ,  lead to ti le 
c o u c l u s i o n  t h a t  it was p robab ly  the correct  one ill th is  instance,  as the  oxygen  up t akes  ,Atserxed 
were closely p ropor t iona l  t .  subs t r a t e  ava i lah le  ouly when the emlogenous  t lp take  was suh t rac ted .  
In any  event ,  in all ins tances  where oxygen u p t a k e  was less than  t h a t  expec ted  for c()mplete 
ox ida t ion  of the  subs t ra te ,  with ti le excep t ion  ~/f t i le  ox ida t ion  of ace ta te  and b u t y r a t e  by ceils 
grown in e i ther  nu t r i en t  b ro th -yeas t  e x t r a c t  or succ ina te  medium,  all ra tes  ~)1 oxygen  u p t a k e  
had  decreased to t h a t  of the  endogenous  control  before oxygen  equ iva l en t  t~ the theore t ica l  
a m o u n t  needed for comple te  ox ida t ion  of subs t r a t e s  to c~lrhon d ioxide  and ~ u t e r  hud Ilcei] coll- 
sumed,  whe the r  the  endogenous  u p t a k e  was sub t r ac t ed  or not. This  decrease ill ra te  t)f oxygen  
u p t a k e  to t h a t  of the endogenous  control  was not due to enzyme  inac t i va t i on  but  a p p a r e n t l y  
to  subs t r a t e  exhaus t ion ,  as the addi t ion  of fresh s u b s t r a t e  resul ted  in the imined ia te  r e sumpt ion  
of oxygen  u p t a k e  a t  an increased rate.  I t  is thus  ev iden t  t h a t  while cells grown in ~my ¢~f the  
media  oxidize  aceta te ,  py ruva t e ,  dl-isocitrate, succinate,  and  b u t y r u t e  with the  up t ake  ,Jr less 
t h a n  the  theore t ica l  a m o u n t  ot oxygen necessary  for the i r  comple te  oxidat i ,m,  and cells Rrowl~ 
in n u t r i e n t  b ro th -yeas t  e x t r a c t  med ium oxidize p rop iona te  t¢~ a s imi lar  ~xtent .  cells grown in 
syn the t i c  media  with e i ther  succ iua te  or ace t a t e  as sole carbon source oxidize t ) rupionate  with 
the u p t a k e  of the  theore t ica l  a m o u n t  of oxygen  for its comple te  oxida t ion .  The R.Q. for th is  
a p p a r e n t  comple te  ox ida t ion  was de t e rmiued  and found to be o.85 (calcula ted vahle,  o.S571. 
. \ I though not  shown in the  table,  cells grown in syn the t i c  med ium wi th  p rop iona te  as  sole carl)ira 
source resembled those grown in nu t r i en t  b ro th -yeas t  ex t r ac t  n led ium in their  ox ida t i ve  behav iou r  
toward  t i le  compounds  considered;  while  cells grown in a med ium with c i t ra te  as earbl ln source 
resembled those grown in ace ta te  medium.  

T A B L E  I 

C O M P A R I S O N  e l  ~ T H E  R A T E  A N D  E X T E N T  OF O X I D A T I O N  OF V A R I O U S  C O M P O U N D S  BY W H O L E  C E L L S  

OF T H E  M A R I N E  B A C T F R I U M  1 3 1 6  t t A R V E S T E D  FROM T H R E E  D I F F E R E N T  G R O W T H  M E D I A  

Each  W a r b u r g  cup con ta ined  o.133 m3I  phospha t e  buffer, pH  6-7, 5 t~ M subs t r a t e  ( to i i . l l  
dl-isocitrate),  and washed  cells equ iva l en t  to i mg cell n i t rogen in a to ta l  vol of 2.8 ml of ar t i f ic ia l  
sea wa te r  1. o.2 ml 2o ° o KOH in center  welh Gas phase  air. Tempe ra t u r e  25' .  Subs t r a t e  added  
af ter  15 min  t e m p e r a t u r e  equi l ibr ium.  

Growth medium* Nutrient b~oth yeast eMract Succinate Acetate 

% Timt'~ Q(I~ N '!i, l ' ime % l b m  
.qubslrale ( )(~2N~" oxtdatlon*** inztl ovidation rain Q °''-y otidation rain 

Ace ta t e  22o 77 55 134 76 75 52o (~5 e~ 
P y r u v a t e  312 37 4o  225 4 ° 5o  ,%,o 5 ° 29 
d l - i s o C i t r a t e  272 36 5 ° 480  46 5 o _, i o 4 o i oo  
S u c c i n a t e  272 47 5 ° 576  62 5 ° i 82 4,S ]oo  
P r o p i o n a t e  404  ~6 .5.5 252 1oo i 0o  247 l e o  i .Sb 
B u t y r a t e  3oo  8o 9 o  97 85 32o  

* T h e  medium consis ted of an inorganic  sa l t  s o l u t i o n  p lus  the  organic  ma te r i a l  ind ica ted .  
"* Qo2N is e x p r e s s e d  in pl  O 2 / h o u r / m g  ce l l  N ,  an d  is b a s e d  on t h e  m o s t  rapid  r a t e  of  o x y g e n  

u p t a k e  o b s e r v e d .  
*** C a l c u l a t e d  o n  bas i s  of  t h e o r e t i c a l  o x y g e n  u p t a k e  r e q u i r e d  for c o m p l e t e  o x i d a t i o n  o f  5 I~ ~ll 

of  s u b s t r a t e  t o  CO 2 an d  H e O .  
§ The leng th  of t ime  requi red  for t i le  ra te  of oxygen  up t ake  to decrease to t h a t  ~lf the e n d o -  

g e n o u s  control  fol lowing the  add i t ion  of subs t ra te .  
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The  da t a  imp ly  t h a t  cells grown wi th  ace ta te  (or citrate) as sole ca rbon  source 110 not  oxidize 
p rop iona te  solely via succinate ,  e i ther  t h r o u g h  p re l iminary  condensa t ion  of CO 2 with p rop iona te  
to yield succ ina te  direct ly  4,5, or via the  in t e rmed ia t e  fo rma t ion  of isosuccinate 3,4, for the  r a t e  
of oxygen  u p t a k e  wi th  p rop iona te  as s u b s t r a t e  exceeds t h a t  wi th  succinate ,  which  should  no t  
be possible if t he  ra te  of oxygen  u p t a k e  wi th  p rop iona te  as s u b s t r a t e  is l imi ted  by  some ox ida t ive  
step(s) s u b s e q u e n t  to succinate .  If , however ,  the  ra te  of ox ida t ion  of succ ina te  when  succ ina te  
was  the  subs t r a t e  was l imited a t  s o m e  po in t  prior  to the  first ox ida t ive  step, such  as by  cell 
pe rmeab i l i ty  or subs t r a t e  ac t iva t ion ,  t hen  the  difference in ra tes  of oxygen  u p t a k e  could occur, 
b u t  such  a l imi ta t ion  canno t  a ccoun t  for the  result ,  as succ ina te  is in fact  ut i l ized more  rap id ly  
t h a n  is propionate ,  even t h o u g h  cells f rom t he  ace ta te  m e d i u m  take  up oxygen  more  rap id ly  
when  a t t a ck ing  p rop iona te  t h a n  succinate .  

W h e t h e r  or no t  p rop iona te  is oxidized via p y r u v a t e  t h r o u g h  the  m e c h a n i s m  proposed  by  
MAHLER AND HUENNEKENS 2 in cells grown in syn the t i c  med ia  wi th  succ ina te ,  acetate ,  or c i t ra te  
as ca rbon  sources  c anno t  be de te rmined  f rom the  d a t a  available.  

The  comple te  oxida t ion  of p rop iona te  has  been observed  in th i s  s t u d y  only  u n d e r  condi t ions  
of g rea t ly  reduced ra te  of ut i l izat ion of subs t r a t e  and  hence  m i g h t  be due  to a slower ra te  of 
e n t r y  of p rop iona te  t h a n  of those  c o m p o u n d s  only  par t ia l ly  oxidized into a c o m m o n  e n z y m e  
sys tem.  T h a t  th is  is unlikely,  however,  is ev iden t  f rom the  fact  t h a t  b u t y r a t e  is uti l ized even  
more  slowly t h a n  prop iona te  and  ye t  is only  par t ia l ly  oxidized (Table I). 

Ev idence  has  been obta ined  t h a t  is cons i s ten t  wi th  the  view t h a t  a conven t iona l  t r icarboxyl ic  
acid cycle is p re sen t  in th is  o rgan i sm 7. The  resul ts  repor ted  here  indicate  the  possible ex is tence  
of an  a l t e rna te  s y s t e m  for the  comple te  ox ida t ion  of propionate .  

The  whole cell p repa ra t ions  used in th is  work  oxidize d-lactate ,  dl-lactate,  glycolate,  malona te ,  
oxalate ,  and  fo rma te  a t  an  ex t r eme ly  low rate,  if at  all. 
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Quelques considerations pr~liminaires sur la conversion 
du chymotrypsinog~ne en chymotrypsine-a 

Le m 6 c a n i s m e  ch imique  de l ' ac t iva t ion  " l en t e"  du c h y m o t r y p s i n o g ~ n e  est  v ra i semblable-  
m e n t  assez complexe  pu isqu ' i l  compor te ,  d ' u n e  part ,  les prot6olyses  de l ' a c t iva t ion  " r ap ide"  
d o n n a n t  na i ssance  ~ la s6rylarginine 1-3 et, d ' au t r e  par t ,  cer ta ines  prot6olyses  addi t ionnel les  4,5 
responsables  de la pr6sence dans  la c h y m o t r y p s i n e - a  de deux  r6sidus  t e r m i n a u x  supp l6men ta i r e s  : 
la ty ros ine  C- te rminale  et l ' a lan ine  N- terminale .  Ces prot6olyses  addi t ionnel les  ne s emb len t  
d 'a i l leurs  pas  faire pa t t i e  du  processus  d ' ac t iva t ion  p r o p r e m e n t  dit.  El les  son t  n6anmoins  int6res-  
s an t e s  pa r  les lumi~res qu 'e l les  p ro j e t t en t  sur  la fo rmat ion  de la p lus  c lass ique des  chymot ryps ine s ,  
pa r  le nouve l  a r g u m e n t  qu 'el les  fourn issen t  en faveur  de l ' ex i s tence  chez les c h y m o t r y p s i n e s  
d ' u n  cent re  act if  ~ t ro i t ement  limit6, et enfin pa r  les exemples  sugges t i f s  qu 'e l les  d o n n e n t  d ' u n e  
famille d ' e n z y m e s  issue d ' u n e  m~me  prot6ine-m~re grace/~ une  s6rie de ddgrada t ions  successives.  

Le r6sidu C- te rmina l  suppMmenta i r e  ~ tan t  la tyrosine,  on peu t  penser  que  les prot6olyses  
addi t ionnel les  de l ' ac t iva t ion  " l en t e"  son t  d 'or igine c h y m o t r y p s i q u e  et qu 'e l les  r6su l ten t  donc,  
soit  de l ' a t t a q u e  pr6alable du zymog~ne  pa r  les c h y m o t r y p s i n e s  de l ' ac t iva t ion  " rap ide  ''~ (~ et  5), 
soit  d ' u n e  au to lyse  ul t~rieure de ces enzymes .  Les chiffres du Tab leau  I (colonnes 5-8) i n d i q u e n t  
que  les deux  ph6nombnes  on t  lieu et  qu ' i l s  t o rmen t  des prot6ines  c o n t e n a n t  de la th r6on ine  et 
de  l ' a lan ine  en posi t ion N-terminale .  Ils exp l iquen t  donc v r a i s e m b l a b l e m e n t  l ' appar i t ion  de ces 
m6mes  r~sidus p e n d a n t  l ' ac t iva t ion  " l en t e"  (colonnes 1-4). 

Quelques  r e m a r q u e s  i m p o r t a n t e s  do iven t  6tre faites au  su je t  des chiffres de ce t ab l eau :  
a) L ' a t t a q u e  du chymot ryps i nog~ne  par  la c h y m o t r y p s i n e  ne semble  p rovoque r  aucune  ac t iva t ion  

notable .  Pour  ~tre "activante", la prot~olyse du zymog~ne  dolt  donc  se produire  en  un  endro i t  
d6fini de la moMcule, lequel para i t  6tre la l iaison A r g - I l e u  coup6e par  la t ryps ine  2. E n  outre,  
on c o m p r e n d  m a i n t e n a n t  pourquo i  le chymot ryps inog~ne  est  beaucoup  plus  s table  que  le t r y p -  


