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SUMMARY 

E v i d e n c e  for t he  p resence  o f  p h o s p h a t e  t r a n s a c e t y l a s e  a n d  m a l a t e  s y n t h a s e  in A z o t o -  
ba t t e r  v inch ,~ ,d i i  is prese t l ted .  The  l a t t e r  ell~y'nie c o m p l e t e s  the  r e q u i r e m e n t s  for  the  
ope ra t i on  o f  the  g l y o x y l a t e  cyc le  in th is  o rgan i sm.  

Mala te  s y n t h a s e  a n d  p h o s p h a t e  t r a n s a c e t y l a s e  d id  no t  show a r e q u i r e m e n t  for 
thiol  ac t iva t ion ,  while I : I ) T A  s u b s t i t u t e d  for cy s t e in e  ;is an a c t i v a t o r  for  a c e t a t e  
kinase.  

The  o x y g e n  ~ens i t iv i ty  of  a c e t a t e  kina~e, p h o s p h a t e  t r a n s a c e t y t a s e ,  i soc i t r a t e  
l v a ~  a n d  tna la te  syn tha~e  has  been  e x a m i n e d  wi th  c r u d e  cel l -free e x t r a c t s .  In  6 It, 
these  e n z y m e s  lo.~t 4 5 . 9 4 ,  32 and  4z'~/o o f  the i r  a c t i v i t y ,  r e spec t ive ly ,  w h e n  e x p o s e d  
to  x.o a t m  o x y g e r .  T h e  re la t ion  of  t h e m  lo.~,~es to  t h e  o x y g e n  inh ib i t i on  o f  a c e t a t e  
o x i d a t i o n  in A .  v i n e l a m l i i  has been  d iscussed .  

INTRODUCTION 

T h e  a c c u m u l a t i o n  of  p y r u v i c  and, a - k e t o g l u t a r i c  acids  b y  Azo tobac te r  v i n ¢ l a n d i i  
cu l tu res  i n c u b a t e d  in sucrose  med ia  u n d e r  x.o a i m  o x y g e n  has  been  d e sc r i b ed  t. 
Since the  o x y g e n  inh ib i t ion  of  r e sp i r a t i on  a c c o m p a n y i n g  sucrose  o x i d a t i o n  a t  th i s  
p re .~ure  wa_x also seen when  a c e t a t e  was  used  as t h e  s u b s t r a t e  ~, a n d  a c e t a t e  is k n o w n  
to be  i n t r o d u c e d  in to  t he  t r i c a r b o x y l i c  ac id  cycle  v i a  c i t r a t e  s y n t h a s e  {EC 4.x.3.7) a, 
it a p p e a r e d  possible t h a t  a ce t a t e  o x i d a t i o n  shou ld  also be a c c o m p a n i e d  b y  a - k e t o -  
g lu t a r i c  acid a c c u m u l a t i o n .  As no  such a c c u m u l a t i o n  cou ld  be  d e t e c t e d ,  it .seemed 
iikeh" t h a t  a large p r o p o r t i o n  o f  a ce t a t e  m e t a b o l i s m  p r o c e e d e d  v ia  t h e  g l y o x y l a t e  
p a t h w a y .  The  o x y g e n  ~ n s i t i v i t y  o f  the  etlzymc_~ syn thes i z ing  ace ty l -Co A  f rom 
ace t a t e ,  a n d  of  i soc i t r a t e  lya.,~ {l .s- isc , i t rate  g l y o x y l a t e  lya.se, EC 4. t .3.1) a n d  m a i t r e  
s y n t h a s e  fL-mala te  gl3 ~xy la t e  lyase,  EC 4. x.3.2), t h e r e f o r e  m e r i t e d  e x a m i n a t i o n .  

S ome  of  the  enzyme_~ spe( ilic for  a c e t a t e  m e t a b o l i s m  in A .  vD~elaml i i  are  a l r e a d y  
known.  A c e t a t e  kinasv (A'I 'P:  a c e t a t e  p h o s p h o t r a n s f e r a s e ,  EC 2.7.2,  I ) has  been  
r e p o r t e d  in e x t r a c t s  ,Jr sucrose -grown cells, a l t h o u g h  p h o s p h a t e  t r a n s a c e t y l a s e  
(ace ty t -CoA:  o r t h o p h o s p h a t c  a c e t y l t r a n s f e r a s e ,  EC z.3.x.S) was  no t  d e t e c t e d  t. I t  
w ou ld  seem t h a t  a c e t a t e  m e t a b o l i s m  p roceeds  tqa aee ty l  p h o s p h a t e ,  t nak ing  t h e  

" l're,zent address: .Mil:robioh)gy Unit. Deixartment of Bi<~chemistry. t!niver~ity of Oxford. 
F-ngland. 

Rioch~.  Bio#hxo. Aaa,  f~7 ~t~63) 24o-253 



(~XYGEN  I N l l l 3 1 2 ; t  S IN AEO'fOBAC'I 'Elq  AC|-~'I'ATE .METABOLISM 2.~][ 

occurrence of  phosphate  tran.,~acetvllt~e probable,  desr, i te the negative result repor ted.  
F u r t h e r  metabol ism allowing growth ~m aceta te  would involve the g lyoxy la te  cycle. 
I. ,ocitrate lyase has been rep<)rtcd for both A.  vinelandiz and A agile grown on 
ace ta te  ~. a l though mata te  symha~e has not b~:er~ ~eported from these organisms. 
Other  enzymes  necessary for the  opera t ion  of the glw)×ylate cycle arc involved in 
the t r icarboxyt ic  acid cycle knt)~'n in A. vi~tek.otdti~), ~. 

In this communica t ion ,  evidence is presented fi)r the occurrence of  both l)h()~- 
pha te  trao_sac~-tyla~,, and mala te  .~vr, tha~e, t.qgetber with some obser~,atton~ on 
their  sensi t iv i ty  to  a tmospher ic  oxygen,  l_~ocitrat~, Ira.so and aceta te  kinase have 
been examined  similarly. 

X.~ F'TI~.( )1")% 

Bacteriological 

The  methods  used for preservat ion,  g rowth .and  harvest ing of cells of ~train.'~ () 
and ~% .~)f A .  vi;~dandii have been described ~o. The aceta te  medium u~ed in respire-. 
tttt~ttit= studies conta ined  4.8 g Na ace ta te  pt, r I of  the ~alts mediumL 

A natytical 

Oxygen  up takes  were de te rmined  manomet r ica l ly  at  3o ~ by" convent ional  tech- 
niques, under  a pco2 of  o.oo 5 arm ~. ~'ith correction for au tox ida t ion  ~. 

Prote in  was mea.~ured ~"ith the  Folin phenol reagent  t° with crystaJlJne ly.~ozyrne 
as s tandard .  Glyoxyl ic  acid was measured  colorimetr ical ly as 1.5-diphenylform:)z~(n 
carboxyl ic  acid tt, and acet¢l  phospha te  a_~ ace tohydroxamic  acid t~. 

Matate was de t e rmined  fluorimetrical ly as homolxmbeUiferone over  the rar~ge 
x-zo/~g malie acid/3o m] final volume with a Hilger 553 fluorimeter,  tbllo~,'ing the 
m e t h o d  of  HUMMEL la. :~k O.$-ml sample ~5 .r t)~g tnalic acid) was heated  for io min 
in a boi l ing-water  ba th  with 9 mi 0 .o8% (w/v) orcinol (twice rect~-stallizcd from 
chloroform) in HtSO~-water  {3 : It.  cc~)led and di luted with concentr~.ted HzSO,. 
FLuorescence was measured  against  '-).o5°'0 (w/v) quinine sulphate  in o.r  N I I~.°~Oa. 
At the  concen t ra t ions  used. no componen t s  of  the mala te  S_Vlathase a.ssav system 
in te r fe red  seriously. The  prel iminaD, t r e a t men t  ~5"ith , .4-dini trophenylhydra~-ine anal 
prec ip i ta t ion  of  calcium mala te  were omi t t ed  from the original me thod  ta. 

Re~tgents 

Aioxi te  b0o (The Ca r bo rundum  Co., Manchester) wa_~ washed once with o.oz M 
EDTA (pH 8.o) and  rinsed with deiordz~! water  before dry lng  at  8(¢'. 

Biochemicals were purchased a_~ follows: CoA. Nav-'~TP and lysozyme from 
Nutr i t iona l  Biochemicats Corpora t ion;  NADI '  from Sigma Chemicat Ct).; glyoxylic  
acid h y d r a t e  f rom L. L~gi~t and Co. ; Na,-threo-osx.s-i~)citrate from Fluka Chemische 
Fabr ik  and  Clostridi,:m kluyveTii phospha te  t ransace:ylase  irom W~,j:I,ington 
Bioehentical  C<)rl~lration. tuoci trate  was 45°.'~ act ive isomer by  as, say of  N A D P  
reduc t ion  wi th  A.  vinedandii i.~ocitric dehydrogena.~e in the  system of  KOR.~BERC. t4. 
and  glyoxyl ie  acid hydra t e  wa.~ 99.5 % pure by t i t r imetr ic  ,assay it. 

L i th ium aeety l  phospha te  was synthmiized from i.,~,propenyl at:orate t~ and 
ax~ayed at 82% pmaty  b a ~ l  on succinit: ~:nhydride. 
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CoA was reduced as h~liows for use in the phosphate transaeetyla.~, or mala te  
s y n tham a.~¢ays: o. 5 mg 7o-75°/u CoA was dissolved in 3 ml of  a .~olution of pH 6.8 
containing 75  mg reduced glntathione,  5 #~moles EDTA and 5o/Jmoles Tris buffer, 
and incubated for 60 rain at  room tempera ture  before use, following the me thod  of 
BIII{Tt')N .ItNI) ~TATgl l IAN Ill. 

Prcpa; , t ion of cell-fi'ee extracts 

Cell-free extracts  v-ere prepared either by  a lumina  grinding 17 or by  ~mic dis- 
ruption under hydrogen in a Ray theon  xo-kc/sec oscillator operat ing at  o °. The 
a lumina  extracts  were taken up in the appropria te  buffer and centr i fuged at  3500 × g 
f~r xo rain and then at zo o ~  × g for 20 rain; the sonic extracts  were centr ifuged a t  
zo ooo × g for z5 rain. All operat ions with the crude extracLs were performed at 
or below 3 ~. 

The t'ollowing buffers were u'~-,d to ex t rac t  the mater ia l :  for aceta te  kina.se, 
0o5-%! Tris (pH 7.t,); for phosphate  transacetyla.~., o.r M Tris (pH 7-8); fi~r i.so- 
ci trate lya.~e, o.oi 5 M phosphate (pH 7.o); and for malate  syntha.'ie, ts.x M Tris 
(pH 8.o). 

.Elt2,v~t~ ~SS~3'S 

Acetate  kinase ac t iv i ty  wa~ measured by  ace tohydroxamic  acid format ion  from 
acetate  and ATP in the presence of excess hydroxylamine4.  The reaction mixture  
contained, in addit ion to A. v indandi i  extract ,  the  following (in k~moles/2.I ml 
final volume): EDTA ~pH 7.4). z; KCI. ,40o;  neutral ized hydroxylamlne ,  x4oo; 
Tris buffer (pH 7-4), 97; potassium acetate,  x55o; MgCL 2, 20; Na.A'x'P, 20. "~Vhen 
a.~say.~ were performed in XVarl>m~ fla.~ks, acetate.  Tris, Mg 2÷ and ATP were in the 
side arm and other  components  in the main compar tment .  Reaction was ini t ia ted 
by addit ion of substratez,  and s topped with o.4 ml xoo% (w/v) t r ichloroacedc acid. 
In s . m e  experiments,  cysteine replaced EDTA as in the original m e t h ~  4. 

Phosphate  transacetyla.se ac t iv i ty  w;~s as .~ycd according to STADTMAN n#. The 
reaction mixture  contained,  in addit ion to A. vinela~idii extracL the following (in 
/~meles;o.6 ml final volume) : "I'¢is buffer (pH 7.8), 50 ; KC1, ~5 ; potass ium arsenate.  
5u; acetyi  phosphate  (Li salt), z;  CoA, o.ox8. The final addit ion was CoA ratb.er than  
ar.~mate, since contaminat ing  acetyt  phosphatase  in the ex t rac t  wa_s readi ly and 
completely inhibited by prior addit ion of arsenate.  React ion t ime was 30 rain at  30 ° ; 
it.action w~Ls siupiJtd by addi t ion of  neutral ized hydroxyiamine .  In .some experi- 
ments,  cysteine or EDTA was added as ac t iva tor ;  these were found unnece_ssary for 
op t imum assay. 

lsocitrate lyase ac t iv i ty  was assayed as described previouslyL The reaction 
mixture  contained,  in addit ion to A.  vinelandii extract ,  the following (in #lmol~/ 
3.0 ml final volume}: Tris buffer (pH 7.8), 200; MgCla, 6; EDTA (pH 7.8}, z; Nas- 
DI--isocitrate. z5. After gassing with nitrogen, reaction was ini t iated in XVarburg 
flasks by the addi t ion of  isocitrate, and  stopped by the  additicm of o.~ ml 80"/o (w/v) 
trichloroacetic acid. After eentr ifugation,  g lyoxyla te  was de termined at. 

Malate ss~ntha_~e ac t iv i ty  was measured by malic acid formation from acetyl-  
CoA ~nd glyoxylate ,  using an excess_ of  phosphate  t ransaeetylase  and  acetyl  phos- 
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p h a t e  to  g e n e r a t e  ace ty l -CoA.  T h e  a_s.~xy m e d i u m  con t a ined ,  in add i t i on  to  : i .  vi~ve- 
l a m t i l  e x t r a c t  a n d  o.37 m g  C. khLvver i t  p h o s p h a t e  t r ansace ty l a~e ,  the  fol lowing (in 
~umoles/I .3  m l  final velum. ,0:  rri.~ buf fe r  ( p H  8.0), Ioo :  MgCI~, ~o; KCI.  5~; a ce tv l  
p h o s p h a t e ,  6; g l y o x y l i c  acid,  2. 5 or  5; CoA. o.oG 4. |~eac t ion  was  u.~u;dly in i t i a t ed  
b y  a d d i t i o n  of  g l y o x y l i c  ac id  a n d  .~topped wi th  o. I ml m)°.: o (w/v~ t r i ch lo roace t i c  acid.  
A f t e r  cent, ,- ifugation,  ma l i c  ac id  c<mtent  w'a.~ dc.termim:tl  ~a. 

RE.'SU i. rs 

Ar.a~,te oxidation by ~,holb cells 

O x y g e n  a t  p r e s s u r e s  a b o v e  0.3 :~tm is i n h i b i t , ~ r v t o  a c e t a t e  o x i d a t i o n  by  whoh: 
cells o f  h .  v i n d a ~ z d i i  z. D u r i n g  a c e t a t e  oxi~tation at l . o  a r m  no  ket~-it<:i~l~ were  pro-  
d u c e d ,  un l ike  the  s i t u a t i o n  d u r i n g  s u c r o , e  oxid:xti ,ml.  In a d d i t i o n ,  t he re  i~ no in- 
c r ease  of  the  inhib i t ior t  w i t h  t ime ,  as  f ound  for p v r u v . t t e  o r  suc rose  oxidar i~m ~. 
T a b l e  I Mtows .,~mle t y p i c a l  f igure* for a c e t a t e  o x i d a t i o n  a t  I . o  a t m  o x y g e n .  

T h e  p a t h w a y s  of  a c e t a t e  a n d  p y r u v a t e  me ta lx ) l i sm  p r e s u m a b l y  inter~e,~ a t  the  
f o r m a t i o n  o f  a c e t y l - C o A ,  : .ndicating t h a t  the  a c c u m u l a t i o n  o f  p y r u v a t e  and  the  
dec l ine  in o x y g e n  u p t a k e  ra~e d u r i n g  sucrose  o x i d a t i o n  a r ~  p r o b a b l y  b o t h  due  to  an  
i nh ib i t i on  o f  a s t e p  in t h e  p y r u v i c  ox i da s e  c o m p l e x  I)cfore acetyI-Ct~A for rn ; t t i ,n .  
H o w e v e r ,  t h e  o x y g e n  i nh ib i t i on  of  a c e t a t e  ~xidi i t ion  %till r e m a i n s  u n e x p l a i n e d .  

TA IqI.E I 

O X Y G F . N  L'P r ,xKI-;S ( /4Lj  F O R  .-Io t.t~l~la~lds~ C U i .  I * U R ~ g  ON FiI.'CRO.'qE OR &CETS,  T E  

dcnstt~ Po~ .'i ubtd~at¢ 

Sucrose 0.005 0-3 94 
t . o  7 0  ¢~z 5 ~ 4 I' 3 c) 

o . 1 4 o  O.A t 4 0  
I . O  t o t  l e o  I o i  1 0 4  l O l  

A c e t a t e  k i n a s e  

In i t i a l  a c e t a t e  a c t i v a t i o n  cou ld  occur  v /a  a c e t a t e  k inase  or  a ce ty l  -CoA synthet;L-a ~ 
( (EC 6 . , . x . I , ,  f o r m e r | y  a c e t o - C o A - k i n a s e )  Ros l ;  et aL a hiLx't', r ep t ) r t ed  t h a t  o n l y  the  
f o r m e r  e n z y m e  occu r s  in A. v i n e l a n d H .  In  t h e  a.~sav o f  a c e t a t e  k ina~: ,  cv s t e ine  ha~ 
c o m m o n l y  been  u sed  *g the  e n z y m e  a c t i v a t o r .  T h e  r~-:quirement for thiol  a c t i v a t i o n  
m a k e s  t h e  d e t e r m i n a t i o n  o f  o x y g e n  .~n.~it~vity di f f icul t ;  c y s t e i n e  in the  m e d i u m  iu 
w h i c h  t h e  e n z y m e  is e x p o s e d  to  ox3,gen i n e v i t a b l y  leads  to  p r o d u c t i o n  o f  cys t ine  b~" 
o x i d a t i o n ,  p a r t i c u l a r I ' :  a t  n~u t r a l  or  a lka l i ne  p H .  T h e r e  is t h e n  the  dange-r  o f  indirect: 
e n z y m e  i n a c t i v a t i o P  t h r o u g h  d i su lph ide  e x c h a n g e  w i th  cys t ine .  I f  t he  e n z y m e  i~ 
f i rs t  e x p o s e d  to  o x y g e n  a n d  t h e n  t r e a t e d  wi th  cys t e ine ,  r e d u c t i o n  o f  di.~uiphides 
g e n e r a t e d  in t h e  enzyTnC m a y  occur ,  w i t h  o n l y  irTevergihle change, ;  b e c o m i n g  a p p a r e n L  

T h e  use  o f  a c h e l a t i n g  a g e n t  such  as  E D T A  avo id s  the.~e problern~,  ~ t h o u g h  
o t h e r  l i m i t a t i o n s  a re  i m p o s e d  as  a consequence .  Metal  ions arc e x t r e m e l y  i m p o r t a n t  
in o x y g e n  i n a c t i v a t i o n  o f  enzvmesto,=°,  ant i  such  ions will b :  l a rge ly  r e m o v e d  b y  

13iochim. ~iophys.  .4cla. 67 (tgf33) 24o-253 
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EIYI'  X. However ,  t he  b o u n d  m e t a l  ions responsible  for the  revers ib le  d e - a c t i v a t i n n  
.of the e n z y m e s  a p p e a r  to o r ig ina te  f rom the  as.~ay reagents~,  tt o r  f rom o the r  t issues ~°. 
\%'[iert: me ta l  ions aru che l a t ed  to the  e n z y m e ,  exposu re  to  o x y g e n  i n  ,,i¢?o au to -  
ma t i ca l l y  predisI~Se.~ it to  o x i d a t i v e  i n a c t i v a t i o n  w h e t h e r  or  no t  the  e n z y m e  in i ts  
in t race i lu la r  s t a t e  is exposed  s i m u l t a n e o u s l y  to  o x y g e n  a n d  me ta | s .  E n z y m e s  which  
were a c t i v a t e d  b y  che la t ing  a g e n t s  h a v e  the re fo re  been e x a m i n e d  for o x y g e n  sen- 
.~itivitv in tile pre.,~ence o f  E D T A ;  tho.~e w h i c h  r e s p o n d e d  ne i the r  to c y s t e i n e  nor  to 
ED ' I 'A  were tes ted  in the  absence  o f  chela tors .  

.~ceta te  k inase  r~-~:txmded to  add i t i on  o f  E D T A  or cys t e ine  as s h o w n  in Tab le  I I .  
The  a c t i v a t i o n  by E I ) T A  at  log' c o n c e n t r a t i o n s  is in c o n t r a s t  to  the  effect  n o t e d  b y  
R o s e  et al .  ~ at h igher  c o n c e n t r a t i o n s ,  where  che la t ion  o f  Mg ~" inh ib i ted  the  e n z y m e .  

TABLE I I 

& C ~ I V A T I O N  O1¢" A C E T A T F .  K I I ~ A ~ . ~  TIM CELL-I. , 'FIEli~ ] ~ X T R A C T S  O F  . ~ .  ~ . t n e l a ~ d t i  .% 
IBX," C Y S T E I N E  O R  E D T A  

A.q.qay .qystcm: bacterial ex t rac t ,  z.3 mg protein, and activator (cy.~tt:int: or EDTA), with the 
foIlowit~g (/,m,>les/t.I ml final volume): neutral NHsC)H, 7oo; KC], 70o; Tria buffer (pH 7-4), 

48, potassium ace'.ate. 775; MgC1,. to; NasATF', zo. Conditions, 3o mit~ at 3 o°. 

C...sac,~w L[JTA 

.4 ectyl .4 ~ x'i 
..[moun, added .0kos~.~al'¢ ,4' a,t,'~u,~ . .,~2~'_4 I'~,o~,~/ma'¢ 

Qtr~,,tr~ ) /oemzal (t,,aol¢, ) j~rmea 
Qz,noles } ( amot tJ  ) 

. . . . . . . . . . . . . . . . . . . . .  

0 2 , [  0 2 . 2  

t .25 2.8 o.z5 2 . 9  
2. 5 2. 7 0.50 3.0 
5.o 2.(> I.oo 2.8 
7.5 2.6 I-5O 3. ') 

IO.O 2.G ~.oo 2. 7 

At:el; |re kinase a c t i v i t y  ;.n the  e x t r a c t s  var ied  b e t w e e n  4..', ~nd 7 . ~ / : m o l e s  a c e t y l  
phosl>hate formed. ih/ntg pro te in ,  using E I ) T A  ac t i va t i on .  These  va lues  c o m p a r e  
f n v o r a b l y  wi th  t h a t  o f  3.o c i ted  by  RosF. et al .  4 for this  orgat:i : ;m. The: dif ference m a y  
lie in the  g r o w t h  s u b s t r a t e  supp l i ed  to  the  cells .qucrose in tlic earl ier  s t u d y  a n d  
a c e t a t e  in the  p r e s e n t - - i n  which  c~u~e syn thes i s  o f  a c e t a t e  k inase  wou ld  a p p e a r  to  
be. p a r t l y  adap t ive .  

T h e  o x y g e n  sens i t iv i ty  of  the  enz3"nae in o n , d e  e x t r a c t s  was  t ~ t e d  b y  fol lowing 
the  a c t i v i t y  wi th  t ime of  exposure ,  us ing n i t rogen  as  an  iner t  con t ro l  to  co r r ec t  for 
d e n a t u r a t i o n .  The  resul ts  are s h o w n  in Fig. x. T h e  lines were c o m p u t e d  b y  t h e  m e t h o d  
of  lea_st-squares, a n d  b o t h  regre~,~ions are l inear  (p less t h a n  o.o(>x on  z, 5 d.L).  The  
s l o i ~  of  these  lin¢:,~ were s ign i f ican t ly  diff~:,en¢ (p less t h a n  o.o5 nn I, 6 d.f.), i nd ica t -  
ing a d i rec t  tox ic  ac t ion  of  c~xygen. I n a c t i v a t i o n  u n d e r  n i t rogen  was  I 6 %  o v e r  6 h ; 
t h a t  t>nder o x y g e n  was  4 5 % .  

D u r i n g  the  i n c u b a t i o n ,  a cons iderab le  gas  evo lu t i on  o c c u r r e d  in all flasks, bu t  
was  m o s t  no t i ceab le  in the  o x y g e n  series. D i s to r t i on  o f  re.suits b y  loss o f  h y d r o x y l -  
a m i n e  t r a p p i n g  e i~c iency  for a ce ty i  p h o s p h a t e  w a s  cons ide red  a possible compl i ca -  

Bic~&'~. Bio#Ays. Act, s. 67 (1963) 240"253 
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2 ~ 6 
Exposure twr~.h 

F i g .  a. T h e  e f f e c t  o f  o x y g e n  o r  n i t r o g e n  o n  t h e  a c e t a t e  k i n a s e  a c t i v i t y  o f  c e i l - f r e e  e x t r a c t s  o f  ..I. 
v i ~ l a n d l i  S. E x t r a c t  f l .  5 r n g  p r o t e i n )  wa~  s h a k e n  u n d e r  f~xygen  o r  n i t r o g e n  in  X V a r b u r g  f l a s k s  
a t  3o~.  A t  t h e  t i t rJt~ i nd l r r ,  t e d .  a c t i v i t y  wa~  a~,~.sayed i n  t|:t~ :]i,.~k w i t h  t h e  s h t n d a r t l  s y s t e m .  R e a c t i o n  
t i ~ e  w a s  2o r a i n .  t -ach  p o i n t  r¢-pr~,~,'nt.~ a ~ep~arate e n z y m e  l n c u b a e / o v .  : ' ) - - f_3 .  n i t r o g e n ;  ~ .-.O, 

o x y g e n ,  

tion. Assay of  fresh enzyme in reaction mixtures ~haken in ox3,'gen for 5-5 h gave 
only slightly (--6'?/0) different results from thc~o in completely fresh medium, a figa~re 
c lear ly  within experimental  variabil i ty.  Further ,  adequate  hydroxylarnine remained 
to react  with levek-~ of  .~uccinic anhydr ide  in ence~s of  the levels of acetyl phosphate 
produced.  I t  L,~ therefore concluded tha t  adequate  quant i t ies  of reagents remained 
to give sat isfactory a_~says. 

Phosphate tra txacetvlasc 

.adthough this enzyme ha.~ been found commonly  in organisms pos.~essing acetate  
kinase, it was not detected in A. vinelandii  4. in the prtme~t work, phosphate trans- 
acetylase was demons t ra t ed  (a, ~ directly,  by the n~rrnal assay prucedurO ~, and (b) 
indirect ly,  by  rnalic acid synthevi.~ from acetyl phosphate,  glyoxylic acid, CoA and 
Mg 2. in the presence of  an extract  fr,Jm acetate-grown A. vinelandii containing 
mala te  ~yntha~e (see Table V). 

] 'he reduct ion of CoA prior to enzvme a .~ ty  in apparent ly  removed the require- 
mea t  for cysteine iu the sy-.~tern ( fab le  I I I ) ,  suggesting tha t  the function uf cvsteine 
is nornta!ly t ha t  of ensuring Cx~A reduction. 

Enzymic  hydrol.vsi~, of  acetyl  plmsphate occurred in the absence of arsenate;  
with arsenate but  no CoA, no decomp~mition of added acetyl  phosphate  occurred 
with  extla~ ~ , in 2c; rain, lad ,ea t ing tha t  arsenate completely inh..:~ited the inter- 
fering phosphata.se. The decomposit ion of  acetyl phosphate, in the p r~ence  of  
arsenate was CoA-dependent.  confirming the  action of  a ph-~phate  *r~n~ac~ty- 
lase. 

Bioch t , r t .  B i o p k y s . . 4 c . / u .  1"~7 ( I g ~ J )  24o-2 .~3  
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T A B L E  l l I  

I t H O ~ I ' H A T E  T R A K g A t : E T Y I . A S R  A C T I ~ , ' I Y Y  I N  C E L L * F R E E  ] E R T ] R A C ' I ~  O F  , ' [ ,  v,~a¢land|| 0 
I N  T H E  PRK.C, E N C E  O F  C Y S Y B I I O ] ~  O R  EDI*A .  

Re&orion m i x t u r e  : s t a n d a r d  sy s t em,  wi th  addlLion of  e ; t he r  .~/~roo{es cys t e in¢  or  I Mmo!c ED'rA ; 
e x t r a c t ,  ~.4 mg  p ro t e in .  ConOlt ions ,  30 rain a t  3o n. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.4,~Jtgm~. |a cfavuJord s~,~tem 
t'?u~pk,*t2¢ *raa.o.ag~l,da.t¢ 
o~l~rlll," [lima4s art2yl 
flanJp~tel::lmg ptat¢ia ) 

.-None 2 .57  
C.vst~in¢. 5 pmoles z.o~) 
E D T A .  I t tmo le  2.2-  

° Mean of  4 dctcrmin~. t ion~.  

The  .-en,~itivitv of  phospha te  t ransace ty lase  was then examined  ; on ly  the ex t r ac t  
in  b u f f e r  wa.s e x p o s e d  t o  o x y g e n ,  a n d  s a m p l e s  a ~ s a y e d  f o r  a c ; . i v i t y  a s  d e s c r i b e d .  

Act iv i ty  left rap id ly  in samplc~s under  e i ther  oxygen  or ni t rogen (Table IVy, but  
o x y g e n  w a ~  c l e a r l y  r e s p o n s i b l e  f o r  a g r e a t e r  degree o f  i n a c t i v a t i o n .  T h e  e n z y m e  w a s  

a l s o  f o u n d  e x t r e m e l y  u n s t a b l e  t o  f r e e z i n g  a n d  t h a w i n g .  

T A B I . E  IV 

E I ' F & C T  UI"  I N C I f l ~ A T I O N  t . v N D t r R  O X y G ~ ' I ~  ¢OR . ~ I I ~ ' R O G E N  O N  ~ ' H I ~  P H O S P H A T  t" T R A N S A C V T Y L A S E  

I N  C t ~ L L - F R E E  E X T R A C T S  O F  . ~ .  o i n e l a n d i i  ( )  

l h e  bac te r ia l  e x t r a c t  was  s h a k e n  a t  30" tn W a r b u r g  f lasks u n d e r  o x y g e n  or  n i t r o g e n .  A c t i v i t y  
was  d e t e r m i n e d  a t  o. _* a n d  4 h. us ing t h e  s t anda tx l  a~say s y s t e m  wi th  a o . z -ml  s a m p l e  of  e x t r a c t  

i t .  4 m g  p r o | d o ) .  

. . . . . . . .  - I t * / S O ~  I F a M ~ c t y ~ a ~ "  ~t~|lvtg'~ ~--  

Et~olur t  t im|  ( O M ¢ . ¢  atav t  #h~pha:tt~.rm~ 
~'k ) pcotci~) 

.'Vtt,vgtn Os;got  

o ' "  ~,54 z.59 
- x .o 7 0.04 
4 o .qo o. lb  

" Mean of  ~ d e t e r m i n a t i o n s .  
"" 13¢fore a.ssav all o-h  .~atnples were  he ld  t5 n d n  u n d e r  ~'a a t  3 ~ while  IIn.~ks were  ga~sexl+ 

lsocitrate Wane 

The ac t iva t ion  of  isoci trate  ly~se by E D T A  in preference to  the  tree of  thiol 
compounds  has been d ~ c r i b e d L  The  inv.uhation mix tu re  con ta ined  buffer, E I ) T A  
aald an e~tx-ss of  Mg z- uz,der oxygen  or  ni trogen,  and the  ac t iv i ty  was assayed at 
various time-s. P reEminary  experiment.~ shc~wed t ha t  significant differences between 
enzyme  exlm~.'sed to  oxygen  and ni t rogen could be de tec ted  af ter  3o rain. The  results 
f o r  l o n g e r - t e r m  e x p e r i m e n t s ,  s h o w n  i n  F i g .  2 ,  w e r e  f i t t e d  w i t h  s t r a i g h t  iin~-~ b y  t h e  

least-squares m e t h o d  and the  slopes compared.  The  difference was significant (p I~s  
t h a n  o . o o x  ~n x, z 4 d. f . ) ,  i n d i c a t i n g  c l e a r l y  t h a t  o x y g e n  e x e r t e d  a t o x i c  e f fect  o n  t h e  

13iochim. Biophys÷ ~tcta. 6 7 (1963) z4o'-z53 
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1 Ex l : ,osur~  t re,¢. h 

b'ig. 2. The effect ,)f oxyg~-n or nitfog~.~ on the, i~octtr.atc lya-*a ~- ackiwity of ceil-t'r~o cxtrat:ts ~f 
..t. vintelanffi: S. Extract Io-64 rng pr ior i ' i t1 )  w i t s  9haken und~;r oxygei| or nitrogen in ~ , V a r b u t ' i .  ~ 
fta~sks at 3 o:'. At the tim~-s indicated, a<:ti'city t~'~s as.~xvt~d iu the flask by addition t~f istrt:itrat<* 
Reaction time ~as 15 mil~: each ix~int i~ the mt,nra of , .tnaly~e.~ for glyor;ylate f i n i a l  cat:h ¢'VlZyIII[! 

inctd~ati,m. "- ~'. nitrogen; ~ - - O .  oxygen. 

e n z y m e .  U n d e r  o x y g e n ,  i soc i t ra te  lya-:e a~:tivitv foil by  32°.0 in 6 h, while a slight 
a p p a r e n t  increase  (3°.~,) o c c u r r e d  u n d e r  n i t rogen .  The  e n z y m e  wag. however ,  qui te  
s tab le  for several  m o n t h s  a t  - - 2 o  ° (ref. 7). 

The  add i t ion  c~f excess  i soc i t ra te  to  e x t r a c t s  cau  "~w3 no change  in absorbanc~ at 
3~o m/~, i nd ica t ing  t h a t  t he  N A D P - i s o c i t r a t e  dehydr t Jgena-~  {EC 1.I .I .42},  which  
cou ld  cause  the  r~duc t ion  o f  o .58 / , lno le  N A i ) P / m i n / r n g  pro te in ,  ~'m~ inac t ive  as a 
resul t  0 t a lack o f  N A D P  in unfor t i f ied  ex t rac t s .  The  t~ .~ ib i l i ty  t ha t  o x y g e n  caused  
an  a p p a r e n t  inh ib i t ion  o f  im~i t ra te  lyase  b y  r e m o v i n g  i soc i t ra te  t h r o u g h  the tri- 
c a r b o x y i i c  ac id  cycle  is therefore  cons idered  unl ikely .  

T h e  concent ra t i~m o f  i soc i t ra te  us~ t  d id  not  p roduce  a s u b s t r a t e  inhib i t ion  
xwith the  .4. t, inetaPtdii enzyme=,  as rep~)rted for Pseudomo~las indigofer~ is(~citratc 
lyase  ~t, and  is c o n s i d e r a b l y  h igher  t h a n  the  Km o f  S.'~" IO -s M (ref. 7). 

Mala te  synthase  

A l t h o u g h  the  ¢~ccurrence o f  a comple t e  g l y o x y l a t e  cycle can  be inferred f rom 
the  o c c u r r e n c e  o f  i.~ocitrate lyase s, diret.k d e m o n s t r a t i o n  o f  a m a l a t e  syt~tha~e has 
n o w  been m a d e  in A .  v i n d a n d i i .  

The  iden t i f ica t ion  o f  the  re~action prod~tct as malic  ac id  can be. deduced  from 
the  specif ic i ty  o f  the  chemica l  m e t h o d  used o f  a wide ratlge o f  subs t~ i tce ,  tes ted,  
o n l y  fructt~.'-. 1 ,6 -d iphospha te  anti g lucose  0 - p h o s p h a t e  p r o d u c e d  a blue f l u o r e ~ e n c e  
a f t e r  r eac t ion  wi th  orcinul ,  anti then  on ly  at  high concenC.rations t=. T h e ~  compound2s 
a lso  p r o d u c e  a visible ye l low colour,  which  was not  o b s e r v e d  in our  e x p e r i m e n t s .  
h y d r o l y s i s  o f  the  sample  in o.2 N N a O H  for zo rain at  xoo °, wh ich  p r e v e n t s  p roduc -  

JE~ioch,~oPf. Diopkys..dora, 67 (1963) -:.4o-z53 
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t i e s  of  f l u o r e s c e n c e  f ron t  t h e  s u g a r  phospha te ,~  ta, d i d  n o t  r e d u c e  the  f l u o r e s c e n c e  
obs¢ ' rved  a f t e r  i n c u b a t i o n  w i t h  t he  A .  v i n e l a n d i i  e x t r a c t s .  

W i t h o u t  a d d e d  p h o s p h a t e  t r a n s a c e t y l a s e ,  m a l i c  a c i d  s y n t h e s i s  r e q u i r e d  t h e  
prt:.~ence of Mg-" ,  a c e t y l  p h o s p h a t e ,  CoA a n d  g l y o x y l i c  ac id .  T h e  l a c k  o f  a c t i v i t y  
wl~.~. -. eith,_-r CoA or  8.cetvl p h o s p h a t e  w a s  o m i t t e d  indic~ates t h a t  t h e  ac tHa l  s u b -  
. , i t a t e  w a s  a c e t v l - C o A  ( T a b l e  V).  M a l a t e  s y n t h a s e  a c t i v i t y  w a s  l i n e a r  w i t h  p r o t e i n  

c o n c e n t r a t i o n ,  a t  l e ~ t  u p  t~  x.5 m g  p r o t e i n / m l .  

TA IB[.E V 

M A 1 . A T E  . " ~ ' N T ~ I E S I ~  leN" L ' ~ t . L - F R E I - :  I - 2 X T R A ~ T ~  I ) F  /~. t : i ~ , ; e l a n d i i  

](caction system: A .  t.,netandi~ extract  14 mg protein);  and the folloxs-ing {l~molesl3.o ml qnal 
~ ¢ , l t a i * ~ : } :  "l'r~ i~*ffer /pH 8.0). ~oo; MgCI v G: cv.gteine hydrochloride. 2, acetyl phosphage, ~; 
IqCI. 5o: C-~A. ;~prox.  o.o 4 , gtyoxylic acitl, z 5, Reactio;~ was ini t ia ted by addi t ion  of glyoxylie 

• t~:i- , t ,  " " h t a n t u ' r g  t u L ~  under  nitrogen, and allowed ~,t) proceed 2o rain a t  3 o~. 

M a l a t ¢  s y ~ ¢  

Complete system ~ .55 
Complete system minus  CoA o 
Complete system minus  ,4. r inelandi t  extract  o 
Complete system minus  acetyl  phosphate o 
~2omplete system minus glyoxyllc acid o 
COmlflet:: svstt:rn minus Mg ~* z.3z 

E x c e s s  C. k l u v v e r i i  p h o s p h a t e  t r a n s a e e t y l a s e  w a s  u s e d  to  e n s u r e  c o n t i n u o u s  
g e n e r a t i o n  of  a c e t y l - C o A ,  a n d  t h e  b a s i c  l eve l  (0 ,37 m g  p r o t e i n )  v :as  f o u n d  s a r i s -  
fac tor3 ,  ( T a b l e  VI ) .  T h e  h i g h  l e v e l  o f  K C I  u s e d  w a s  b o t h  t o  a c t i v a t e  t h e  a d d e d  e n -  
zx-rae ~s a n d  t o  p r o t e c t  i t  f r o m  i r . h i b i t i o n  b y  Li  + or  N a -  (ref. x8). 

T A B L E  VI 

TIIE. ElrF.e.~. ' t OF (.~. ~¢flc.Vd~r,t[ I~H('}.~P$-I/tT'F.. "I'I~A.~q~ACETYILA.~E 0~" .'MA]..A'£R..%'Y.-N'I'HJK~I.q 

r~v CELL-FRF.E EXIRACTS OF A. v,~nttatndtz 

l~c~a~Uon mixture :  l . z  nag A .  ~'i~elandii protein,  0.37 mg C. klu.vvel, i i  protein {basic level); a.nd 
the following (/~mcd~sil ,3 ml final volume): Trils buffer (pH &el, too; MgCI,. to;  KCI. 5o; CoA, 
appro×, o o 4 ; acetyl phosphate,  tJ ; glyoxylic acid,, 5- Reaction was performed under  N t  in T b u n -  

berg tvr'es, s tarted 'by ad,,Ation of gly¢,xylie acid. and run for 2o mtn a t  3o °, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Comph:te systen~ 
Com|,letc sy.~lem plu~ o.37 mg C. hlu.vverti phosphate  tran~acetylase 
Compl~-t,* system minus  C. kluvreri~ phosphate transacctyla~i-¢ 
Complete system mznua .4 vl;iclc, ndit  extract  

M a l ~  # . , y ~  lms,  t 

,,ai~a-t 
( j j ~ , e d ~  m ! ~ t p ] h )  

0.72 
o.h 7 
o.19 
o 

A s a t i s f a c t o r y  c o n c e n t r a t i o n  o f  C o A  wa~ reread f r o m  a s t u d y  o f  t h e  ef fec t  o f  
CoA c o n c e n t r a t i o n  o n  m a l a t e  s.v-nthesis i n  t h e  p r e s e n c e  o f  e x c e s s  a c c t y l  p h o s p h a t e  
a n d  p h o s p h a t e  t r a n s a c e t y l a ~ ,  (Fig .  3). A n  a p p r o x i m a t e  v a l u e  for  t h e  h a ! f - m a x i m u m  

Dtoeh~m. B iopkys .  A a a .  67 0963)  24o-253 
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: s c e t y l - C o A  c o n c e n t r a t i o n  for  m a l a t e  *ynth~L~,, v ,as  d e r i v ~ ] ,  u -dng  t h e  d o u b l e -  
r e c i p r o c a l  m e t h o d  za. A s s u m i n g  a m i n i m - r n  p u r i t y  o1" 65o.i, ( m a n u f a c t u r e r ' ~  e s t i m a t e  
" a b o u t  75'~.~"), t h i s  v- ' , lue c o r r e s p o n d e d  to  z .6 -  zo ~ M a c e t y I - C o A  for  h a l f - m a x i m u m  
m a l a t e  5yntha-~e. ac t iv '~ ty ,  s o m e w h a ~  g r e a t e r  t h a n  t h e  v a h z e  " le~s  them i - t o  -~ M'" 
for  P s e u d o m o n a s  o.eahs z~. In  s u b s e q u e n L  ,~ ,xper iments  o n  t~xygen  s e n s i t i v i t y ,  a C o A  
c o n c c n t r a t i c n  f o u r  t i m e s  t h e  h a l f - m a x i m u m  , . 'ahic  w a s  u ~ l .  

Vv 

/ 

~ 1 ~  

0- 0'02 " n ' r ~  

;o o o 

Fig. 3. The effect of  CoA concent ra t ion  on ma~atc s) 'ntha~c act ivzty in ex t rac t s  of .4. t.inelumlii S .  
Reac t ions  wvtc per formed in Thunberg  tutx..~ umlt 'r  tfitrogcn, and s ta r t ed  by the addi t ion  o f  
S/~moles g lyoxyl ic  acid ~fter t empe ra tu r e  equi] ibrat ion and incub;tt ion for In ntin to ensure  
comple te  a.cetyiati~n of  CoA. React ion t ime ~;L~ zo mzn [ h c  s t lmdard  a ~ y  s.vst~.rn w;,s u~ed. 

with the ir .dicated ant~mnts of CoA, anti ; . t  3 mg protein.  

T h e  p H  a c t i v i t y  r e l a t i o n s h i p  fo r  mala t t~  s v n t h a s e  w a s  n o t  s t u d i e d  o w i n g  t o  t h e  
c o m p l i c a t i o n  o f  p H  e f f e c t s  o n  t i l e  p h ( ~ p h a t e  t r a n ~ c e t y I a s e  r e q u i r e d  for  a c e t v l - C o A  
s y n t h e s i s .  T h e  p H  u s e d  (~.o) w a s  a c o m l ; r o m i ~ "  ~vh :c ted  f r o m  s o m e  r e p o r t e d  v a l u e s  2~-~.  

T h e  s t o i c h i o m e t r y  o f  t h e  r e a c t i o n  a s  .Mlown it, T a b l e  V I I ,  is  in a g r e e m e n t  w i t h  
t h a t  f o r  m a l a t e  syntha.~,~/"s. V4i th  s u c r o s e - g r o w n  s t r a t a  0 ce l l s ,  d i r e c t  h y d r o l y s i s  o f  
a c e t y ]  p h o s p h a t ~  o c ( : d r r e d ,  b u t  n o  s u c h  c o m p l i c a t i o n  aro.~e w i t h  a c e t a t e - g r o w n  
c e l l s  o f  s t r a i n  .q. 

TA Ht.E V I I  

: ~ " J ' O I C I | I O M E T R ' i t  .~).~ M A L A T F .  S' t t ' . *g ' [ | |AGR ~ F A V ' I I O . ~ :  I N  CE:LL-FRF. I . :  k~XTR.* . ( " [~  
o F  . 4 .  ~ , i H e l a n d z z  .% 

~JrGr*~¢# .t~ et~.2* . , , I  ~'~ ".*.a*a l - .xp tv~.  
~ n f  t~pa++h.+;, 

. t tah£  ~ 1 4  F,h q ~ . l ~  .4-t~.~l 
az id  pko~ ~Aa~e 

• o . G z 6  - o ÷ 5 9 , ~  ~ o t  
de.trained 

B~oc+zm. ihopky+. Acre. ~7 (£tJo3) z4o-255 
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N o  r e q u i r e m e n t  l b r  E D T A  :,'r c y s t e i n e  a c t i v a t i o n  o f  m a l a t e  s y ' n t h a s e  w a s  d e m o n -  
s t r a t e d .  A s i m i l a r  l a c k  o f  e f fec t  o f  t h i o l s  h a s  b e e n  n o t e d  w i t h  P.  o w l i s  m a l a t e  s y n -  
t h a s e  ~*, w h e r e  a c e t 3 , l - C o A  w a s  u ~ t  a s  t h e  s u b s t r a t e .  F u l l  re ," luc t ion  o f  C o A  b y  g lu~  
t a t h i o n e  h e f o r e  u se  a p p a ; ' e n t l y  r e m o v e c l  t h e  n e e d  f o r  t h i o l s  n o t e d  in  p r e v i o u s  r e p o r t s  tb. 
U s e  o f  c v s t e i n e  a s  a n  a c t i v a t o r  w o u l d  b e  unwi.~e in  v i e w  o f  i t s  n o n - e n z y m i c  r e a c t i o n  
w i t h  g l y o x y l i c  ac idT,  °'7. T h e  e n z y m e  w a s  a l s o  s t a b l e  t o  f r e e z i n g  t o  - - 2 o  ° a n d  t h a w i n g .  

N e i t h e r  thiol.~ n o r  E D T A  w ~  i a i c l u d e d  in  t h e  s y s t e m  fo r  e x a m i n a t i o n  o f  t h e  
o x y g e t l  s e n s i t i v i t y  o f  A .  t, inela~tdii  m a l a t e  s y n t h a s e .  O n l y  t h e  e.nz3,me w a s  e x p o s e d  
t o  o x y g e n  in o r d e r  t o  l ) r o t e c t  t h e  C. MeLw'erii p h o s p h a t e  t r a n s a c e t y h t s e ,  an t i  tt) p r e v e n t  
r e ~ ) x i d a t i o n  o f  r e d u c e d  C o A .  T h e  e n z y m e  s a m p l e  w a s  d e - . o x y g e n a t e d  b y  s u c c e s s i v e  
e v a c u a t i o n  a n d  g a s  r e p l a c e m e n t  ~ i t h  n i t r o g e n  f o l l o w i n g  i n t r o d u c t i o n  o f  t h e  p h o s -  
p h a t e  t r a n s a c e t y l a s e  a n d  o t h e r  r e a g e n t s .  A l t h o u g h  nt) l ) r e - i n c u b a t i o n  p e r i o d  w a s  
a l l o w e d  fo r  (:(~A a c e t y l a t i , m ,  t h e  a c t i v i t y  m e a s u r e d  fo r  t h e  p h ¢ ~ p h a t e  t r a n s a c e t y l a s e  
f r , ) n l  (7. M~,w.erii  s h o w e d  t h a t  t h e  a m o u n t  o f  C o A  p r e s e n t  w o u l d  b a r e  b e e n  a e e t y l a t e d  
w i t h i n  t h 0  f i r - t  h a l f  m i n u t e .  

T h e  r e s u l t s  o f  t h e . ~  e x p e r i m e n t s  a r e  511owll in  F i g .  4. S t r a i g h t  l i n e s  w e r e  f i t t e d  
to  t h e  d~t ta  b y  t h e  l e a s t - s q u a r e s  m e t h o d ,  a n d  t h e  ~lo|>e_~ c o m p a r e d .  T h e  r e g r e s s i o n s  

, % _ _ _ . .  

2 4 6 
~p<>~ure t ime,  la 

0 

Fig. 4 +rht. t:fft-ct of nx.vgen or ni trogen on the  ma la t e  syntha~e ac t i v i t y  of  i~ i vi,elflmiii .~ extr-~¢ts. 
..i. *,ioiclta~tdti t~xtract (1.43 mg protein) w0~,; i ncuba ted  at  3 o~" u;.,l'¢l- ni troge~ ,,r oxygen in "rhun- 
i~:rg tuL, c.~+ After  o. z.7.5. 4-5 or G25 h the  following re:xgents wer~ added  to each {in t ,moles/x.o ml 
ftn~tl ~'(~lutnc) ' Tris buffer (p i t  8.o). rod;  Mg(Tl). Io;  KCI..5o; and  o+37 mg C. klu.vt.e~ti phospha t e  
tran.~acctybtm: t<, the main tube,  and  tLoA. approx,  o.o64; ace ty l  phospha te .  5; ttnd g lyoxyl ic  
acid.  2.5. to the sitle bulb.  Tubes  were re-gassed with ni trogen,  b rought  to  30 °. and  reect ion 
allowetX for -'3 rain. The |xJint ,  .~howun are mv~rL~ o~" tiult)iie~a.tc ma la t e  es t imat ions  on each unzyme 
ineuba | ion .  ~ -L2. ettzy~T.t' nt>t treatefi  with tqther ga~: C_-.--"7). ~nzyme t r ea ted  with n i t rogen:  

O - - ' ~ .  enzyme trt-atc~l with oxygen+ 

fo r  b , : t h  ,~,ts w e r e  l i n e a r  (p  less  t h a n  o .ox  for  t i re  n i t r o g e n  se t  a n d  |e~,~ t h a n  o .o l3i  for  
t h e  o x y g e n  ~et) a n d  t h e  sloi~e~ s i g n i f i c a n t l y  d i f f e r e n t  (p  Less t h a n  o . o o x  o n  z, x4 d . f . ) .  
M a l a t e  s y n t h a s e  a c t i v i t y  fe l l  80/0 in  6 . z 5  h u n d e r  n i t r o g e n  a n d  4 2 %  u n d e r  o x y g e n ,  
i n d i c a t i n g  a d e f i n i t e  i n h i b i t i o n  d u e  t o  ,~xygen .  

Bi(,~him. Bi,.p~y::. Aria.  6 7 ( |903) 24°--~53 
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It is improbable  that  oxygen t:au.~-~l ~m apparci i t  inac t iva t ion  by  removal  of 
malate ,  since assays were a[way~ conduc ted  ~mth~r nitrogen, and the appearance  of 
re:date wa:~ stoichlolnetric ",:-ith the ~ i~ppea r ' t nce  (,f glyoxy, late and acetvl phos- 
pha te  under  such conditions+ 

Al though :~sotope da ta  definitely involving the ~fl,.oxylate cycle in ace ta te  meta- 
bolism in A.  v;,;.~landii are not  available,  the occurrence of  the two key enzyme-~. 
isoci t rate  Ivt,.~e and mala te  synthase ,  and the adap t ive  format ion of isocitrate 
lya.se~, 7, are s t rong presumpt ive  evidonce for it.- ¢)pelation in t~'-~ organism, b v 
ana logy with Mi~,ococcus  denitr i f icans 2~. H~x~.ever. the relat ively low ac t iv i ty  ,Jf 
mala te  syntha.se (o .7 /ano le  of  ma!a te  formed/h, 'mg protein) by comparison with 
isoci t rate  lyase ac t iv i ty  (Io/~moles of g lyoxvla te  h , rmed/h /mg protein)L ~uggests 
tha t  sub-opt imal  condi t ions  for cell growth ~)r for eni.yrne assay may  have been 
employed.  Growth  of  A, vinelo~ndii with aceta te  as carbon source was Mow 7, and 
the r ~ u l t s  r epor ted  here Ibr mala te  synthase  were that necessarily obta ined at the 
o p t i m u m  pH. Higher  specific activit ies of mala te  .~vntha_se are  usually re(:orded for 
ace ta te -grown organisms 24,eg, though one except ion ha_~ been noted  ~. In the pre~ent 
case. even if  only par t  of  the total  original ac t iv i ty  has been assayed,  the  results for 
mala te  syn thase  were reproducible,  and are at:ceptat)le for assessment of oxygen  
sensi t iv i ty .  

The conversion of  ace ta te  to acetyl  ph-s l )ha te  ) indicated tha t  phospha te  tr~tns- 
ace ty lase  could well be present,  Malate synthesis  t rom acetyl  phc.~phate, CoA and 
g lyoxyla te ,  and a direct  CoA-dependent  deo~mposit ion of  acetyl  phosphate  in the 
presence o f  arsenate  confirm its occurrence.  No ac t iv i ty  is quoted ,  since tht: ('x~A 
concen t ra t ion  for m a x i m u m  ac t iv i ty  is not  known 6~r this enzyme.  

The  results concerning oxygen inac t iva t ion  rnu_st be ir, terpretet l  cautiously.  
par t icu lar ly  ,~n view of  the difliculues ment ioned  earlier ~Sth regard to  thiols, meta l  
ions and chela t ing  agents.  The use o f  E D T A  to remove chela ted meta l  ions from the 
enzyme-, p robab ly  pitJtected them apprc.ciably frtm] t~xygcn damage  ~.~, and "~t is 
therefore  possible tha t  ace ta te  kinase and isoci t ra te  lyase are more .~en.~itive than 
ac tua l ly  found. Thu_~;, ED ' fA  pro tec ted  .4. vi~teland~i t r iosephosphate  dehydrogena+e ~ 
(EC x.~.x.x2) frt~m 1o~ of  ac t iv i ty  under  :~xygen over a period of 5.5 h, while this 
enzyme  in o ther  sy.~tems has been repor ted  as se,x.~itive to 0.2 arm oxygen ~1.~2. 

Exa mina t i on  of the  l i tera ture  concerning the.~ enzymes  in o ther  organi,wng 
shows them to D)sse+s the  following charat:teri~tie.~: ace ta te  kinase, essential - S I l  
groups  (by inhibition .~tudies with p-ch loromercur ibenzoa te  and i o t h ~ b e n z o a t e ,  and 
the i r  reversal  by cysteine*); phospha te  transa-.-~:tyln~e, e s~n t i a l  ~%1! groul~ (by- 
inhibi t ion studies with p -ch loromercur ibenzoa te  and reversal with thiolsia); iso- 
c i t ra te  lyase, e~ent iad S H  groups (I)), inhibi t ion studies with p-chtoromereuri -  
benzoa te  or  iodo~obenzoate,  or with Cu z÷ and Zn i- ,  .and reversal with cysteineaa); 
and mala te  .,;ynthase, tin requi rements  {no inhibit ion by iodoaceta te  or N-ethyl-  
male imide~) .  Act iva t ion  by thiol compounds  ha_~ not  been taken a_-; necessarily in- 
volving -SH  groups,  itt ~it-x, ,,f t l , . .~imilar  effects of E D T A  shoxwn here and else- 
where ' ,  at. Assuming tha t  the A.  ~inelandi i  enzx'me'a have the  same properties,  the  
oxygen  inac t iva t ion  of  the  first three  could be a t t r ibu ted  to effects on ~qI-t groups,  
a l though the inact ivat i tm of  nl;llatt. ,;vnthast" remains tmexplained.  The  A .  v i n d a n d i i  
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e n z y m e  e i the r  differ~ m a r k e d l y  f r o m  o t h e r s  s t ud i ed ,  o r  is i n a c t i v a t e d  b y  a m e c h a n i s m  
no t  i n v o h ' i n g  --%H g r o u p s  in t h e  a c t i v e  cen t re .  

T h e  a p p l i c a b i l i t y  o f  the  e f fec t s  o f  o x y g e n  n o t e d  w i t h  t h e  c r t tde  e n z y m e  p r e p a r a -  
t ions  to  i nh ib i t i on  o f  r e s p i r a t i o n  in t h e  whole  cell is diff icult  t o  e v a l u a t e .  In  the  first  
i n s t a n c e ,  t he re  is no e v i d e n c e  s u g g e s t i n g  t h e  a c c u m u l a t i o n  of the  s n b s t r a t e s  o f  a n y  
of  t hese  enzxmaes in t~'vo w h e n  whole  ceils a r e  i n c u b a t e d  u n d e r  o x y g e n ,  al thougia.  
t e s t s  h a v e  been  m a d e  fo r  ace.tvt p h o s p h a t e  a n d  g l y o x y l a t e  in o x y g e n - p o i s o n e d  cells. 
Second ly ,  t h e  i n t r a c e l l u l a r  pos i t i on  o f  t h e  e n z y m e s  a n d  t h e  access  o f  o x y g e n  a n d  
m e t a l  ion~ to  t h e m  a re  n o t  k n o w n .  I t  can  be  i n f e r r ed  t h a t  t he  i m m e d i a t e  d e v e l o p m e n t  
of  o x y g e n  i nh ib i t i on  of  a c e t a t e  o x i d a t h m  indicate~s t h a t  t h e  ent'~re cell r a p i d l y  
e q u i l i b r a t e s  w i th  e x t e r n a l  o x y g e n  c o n c e n t r a t i o n ,  T h i r d l y ,  a l t h o u g h  the  ef fec ts  ob-  
s e rved  a re  e v e n t u a l l y  a t t r i b u t a b l e  tt} o x y g e n ,  t h e  p o s s i b i l i t y  r e m a i n s  t h a t  t he  in- 
a c t i v a t i o n  o f  cel l - f ree  e n z y m c ~  in c r u d e  e x t r a c t s  is in fac t  m e d i a t e !  b y  o t h e r  e n z y m e s .  
Such  a case is t he  a p p a r e n t  s u p p r e s s i o n  o f  n i t r a t e  reducta_se {EC x .b .6 . I I  b y  c y t o -  
c h r o m e  oxidas~e (EC x.9.3.x }, w h i c h  c o m p e t e s  w-ith it  for e l e c t r o n s  in t h e  p r e s e n c e  o f  
o x y g e n  "~. Whi l e  t h e  p r e s e n t  s t ud i e s  a re  n n t  e x p l a i n e d  b y  a s i m i l a r  m e c h a n i s m ,  s ince 
t h e  e n z y m e s  c o n c e r n e d  a re  n o t  t e r m i n a l  o x i d a t i o n  s y s t e m s ,  s o m e  o t h e r  e n z y m i c  
i n t e r a c t i o n  m a y  a p p l y .  On t h e  o t h e r  h a n d .  a s y s t e m  w h e r e  such  i n t e r a c t i o n s  a r e  
stil l  poss ib le  is p r o b a b l y  c loser  to  t h e  i n t r a c e l l u l a r  o n e  t h a n  a c o m p l e t e l y  purifi=~tl 
e n z y m e .  F o u r t h l y ,  no  i n f o r m a t i o n  is a v a i l a b l e  c o n c e r n i n g  a n y  s y s t e m s  r e s p o n s i b l e  
for " m a i n t e n a n c e "  of  e n z y m e s  w i t h i n  t h e  cell a g a i n s t  t h e  e f fec t s  o f  o x y g e n .  T h u s ,  
it ho.,~ been  .~hown t h a t  a p ro t e i n  d i s u l p h i d e  r e d u c t a s e  in p e a  seeus  c o u l d  r e a c t i v a t e  
o x y g e n - t r e a t e d  t r i o s e p h o s p h a t e  d e h y d r c g c n a s e  (EC t.z._T .9), a n d  the  s u g g e s t i o n  m a d e  
t h a t  ae rob ic  g lyco lys i s  w a s  c o n t r o l l e d  n y  p roces se s  r e g u l a t i n g  s u l p h h y d r y l  g r o u p  
r e d u c t i o n  wi th in  t h e  cells a~. 

O f  the  e n z y m e s  s t ud i ed ,  t h e  m o s t  o x y g e n - l a b i l e  a p p e a r e d  to  be  p h t m p h a t e  
t r a n s a c e t y l a s e .  T h e  r a t e  o f  i n a c t i v a t i o n  o f  th i s  e n z y m e ,  i f  o p e r a t i v e  in  trivo, w o u l d  
exp l a in  the  d e c r e a s e  in a c e t a t e  o x i d a t i o n .  As m e n t i o n e d  p r e v i o u s l y ,  t h e  E I ) T A  
a c t i v a t i o n  of  i . ~ c i t r a t e  l y a m  a n d  a c e t a t e  k ina se  m a y  h a v e  u n d u l y  p r o t e c t e d  t h e m .  
S o m e  f u r t h e r  w o r k  on the  in f luence  of  m e t a l s  is t h e r e f o r e  i nd i ca t ed .  T h e  leve ls  o f  
i nh ib i t i on  b y  o x y g e n  o b s e r v e d  w i t h  t he  four  enz3~rnes s t u d i e d  s e e m  suff ic ient  t o  a c c o u n t  
for  t h e  inh ib i t ion  of  a c e t a t e  o x i d a t i o n  in A .  v ine land i i  cells. I t  is still  poss ib le ,  
howeve r ,  t h a t  t he  enz)~nie i n a c t i v a t i o n s  r e p o r t e d  a re  n o t  o p e r a t i v e  in the  who le  
cells, a n d  t h a t  t h e  s i te  o f  o x y g e n  i nh ib i t i on  o f  a c e t a t e  o x i d a t i o n  lies e l m w h e r e .  T h e  
resu l t s  a lso  i n d i c a t e  l ike ly  ef fec ts  o f  o x y g e n  on cel l - f ree  e n z y m e s  a n d  e m p h a s i z e  t h e  
n e l l  fi~r exc lus i tm uf o x y g e n  f r o m  s o m e  iLssay s y s t e m s .  
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