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pN xoo~.8 Cr)  ~talllne L-aspartate 4.¢.arboxy-lyase 

X-aspa r t a t e  4 - c a r h o x y - l y a s e  (E.C. 4 . I . t . a2 ) .  which  ca ta lyse~ the  ¢'ormation t~f ,l- 
a ler t•n•  a n d  CO a b y  t h e  f l - d e c a r b o x y l a t i o n  of  L-aspa. t a t • .  hi l t  been  p rev ious ly  demot t -  
s t r a t e d  to  be  p r e s e n t  in a n u m b e r  o f  tnicro-orgalti.~ms, inc lud ing  Desulfovibrio desr~".- 
furicgnslo Nocardia gloherula t a n d  Clostridium perf~'i~:gens ~.4. T h e  e n z y m e  has betm 
p a r t i a l l y  pur i f ied  f r o m  C!. perfriugens by  NISItI.MITRA0 MANNING AND MEI-G'['ER l a n d  
has  been  s h o w n  to c o n t a i n  f i r rn ly - lxmnd p y r i d o x a l  5 ' - p h o s p h a t e ;  a s p a r t a t e  decar -  
b o x y l a t i o n  was  s t i n t u l a t e d  b y  the  f u r t h e r  add i t i on  ~f  p y r i d o x a l  .5 ' -phosphate  and  
a - k e t o  ac ids  ~-*. T h i s  c o m m u n i c a t i o n  de.~crihe.~ the  cry.~ta2lization, and  . ~ m e  nf the  
p rope r t i e s ,  o f  L - a s p a r t a t e  4 - c a r b o x y - l y a s e  leon• Ac/,tomobacf.er sp. 

C u l t u r e s  o f  Ach~,mc, oboclev d- I  5 (ref. 5) were  g rown at  3 °0 in 8o 1 of  basal  salts  
m e d i u m  c o n t a i n i n g  25 r a M - a m m o n i u m  d(-c-) t~rxrate  as stile source  ot c~arbon and  
n i t r o g e n  a n d  harve~t~-d ~cveral  hou r s  a f t e r  ces.~a.tion tK loga r i thmic  g ro w th .  Step I. 
Cell expect .  CelLs (35 g d r y  ~ . )  were  suspended  in w a t e r  to  58o ml and  were  dis- 
r u p t e d  b y  p a ~ a g e  t h r o u g h  a F r e n c h  P res su re  Cell at 12 ooo lb / in  a. fol lowed b y  t r ea t -  
.*-.,ent for  5 ra in  m an  " M . S . E . "  u l t r a ~ m i c  disit,tt ' .srah~r oper~¢.:ng a t  I. 4 A. T h e  ex-  
t r a c t  t h u s  o b t a i n e d  was  cer~tt i fuged a t  25 ooo × g for 3o rain.  t h e  p r e c i p i t a t e d  
m a t e r i a l  was  d i s c a r d e d  and  t he  s u p e r n a t a n t  soluti~m w~Ls d i l u t ed  to  x6 mg o f  protein,,  
ml  w i th  p o t a s s i u m  r e a l • a t e  ( pH  5.o), L -a sp a r t a t c  anti  p y r i d o x a l  5 ' - p h o s p h a t e  to  
f inal  c o n c e n t r a t i o n s ,  resl~'cti '~ely, o f  5o mM,  t o  mM and  o . I  raM; the  p H  was ad-  
j u s t e d  to  5 .o  wi th  x N ace t i c  acid.  Step 11. Heat treatmenL T h e  so lu t ion  wa~ k e p t  at 
5o ° for  I h, cooled ,  m i x e d  wi th  p ro tana ine  s u l p h a t e  ( " • x - h e r r i n g " :  L. L igh t  & Co.; 
I g / 2o  g o f  p ro te in )  a n d  ammon~mm s u l p h a t e  ( to 3o~'h s a tu r a t i o n ) ,  anti  was  cen t r i -  
f uge d  a t  77 ooo  × g un t i l  t h e  s u p e r n a t a n t  so lu t ion  was c lear  (3--I2 h). T h e  soiutior,  
was  a d j u s t e d  to  p H  7.o wi th  I5  N N H , O H .  Step I I l .  A m m o n i u m  sulphate fraaiona-  
tio,f. A m m o n i u m  s u l p h a t e  wa.,~ a d d e d  to  5o°/g . ~ t u r a t i o n ;  the  r e s u l t a n t  p r ec ip i t a t e ,  
co l l ec t ed  b y  c e n t r i f u g a t i o n  for 3o rain at  x5 n ee  × g. was d i scarded .  F u r t h e r  add i -  
t i o n  o f  a m m o n i u m  su lpha te ,  t o  6 8 ~  sa tu t  a t iun ,  y i e lded  a p r ec ip i t a t e  which  was 
co l lec ted  b y  c e n t r i f u g a t i o n  a n d  d isso lved  in o . I  M .~adium a c e t a t e  ( p H  5.o). Step IV .  
p H  Free•lena•ion, The  disso lved  p r e c i p i t a t e  was d i a lysed  aga ins t  o . I  M s o d i u m  
a c e t a t e  (pH 7.o). Mater ia l  p r e c i p i t a t e d  in t h e  dialysis  t u b e  x~ras co l lec ted  b y  cen t r i -  
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k-as lPa r t a t e  4 - ca rbox .v - ly ; t .~  w a s  a s s a y e d  m a n o m e t r i c a l l y  a t  3o*. F-v,. ,!utio';  - f  :~ari~)n d i o x i d e  ,,x-a.~ 
m e a . s u r c d  o v e r  30 rain aftt~r a d d i t i o n  ~,f L-asl ,ar t~t te .  T h e  m.~.i~) c o m p ~ c t m ~ , n t s  o f  X V a r b u r g  f l a s l ~  
c o n t a i n e d ,  in  a tma l  x'oJutrie o f  I .S ml .  zoo  i t m o l e s  o f  s o d i u m  a c e t a t e  ( p [ l  5 .o) ,  0.5 t~mole  o f  s o d i u m  
p.x~'.uvate a n d  e n z y m e  (20 200o tzg o f  p ro t e in} .  L - a s p a - t i c  ttcid ( 2 o / a m o l e s )  wa.~ a d d e d  f r o m  t h e  
.wide-arr~ a f t e r  ] 5 ra in  e q t t i i i b r a t i o n  I I?n i t  o f  e n z y m e  ;_g dr*fined a s  t h a t  q u a n t i t y  w h i c h  c a t a l y s e s  

t h e  cx 'o lu t io~  o f  t /~moJe o f  c a r t x m  d i o x i d e / r a i n  u n d e r  t h~se  co t ad i t i ons .  

I*~'ot¢*~t 1 oral Tota! "~P~':Oi¢ Y w l d  
oc*(v~y T ~ a l  [~. o# d*lttfa! 

.%tel, 31at¢~'1~¢: eanc~raf | t~n  t ~ l u ~  ~ea¢l~ /un~l~tm¢ o,¢ un~i$ t*ct'y~'tt 
(mgtm.'j (mr. (m~) #¢a¢*~) ¢~ntent) 

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

I C*'II e x t r a c t  ( p l l  5.0) tG t j 4 o  zx 4 o o  0 4 4  95txJ t o o  
I 1 I t e a t - t r e a t e d  e x t r a c t  

( p t t  7.0) t .S  t t x ~ O  I 8(X) 2 7 8  5 O I O  5 3  

I l l  A m m o n i u m  .gulphate .  
.SO GS°~ fr::cti~::~ 174 "7 47 ° 7 0 2  372 ° 39 

I V  .q~tliutll ac~ ' ta te  t ,xtr ;  
(p]'l  5.0) t 2 . 8  tO zxS 26.8 343 ° 3 6 

\" CM-ce l lu lo~"  s u p c r n a t a n t  5 l o  .50 48-3 2415 25 
"~ I ( 'rx'~t ai~ I).e, .5 3 3  73 .0  2 4 I °  25 

Rc ' t : rys taHizcd  . . . . . . . .  73-4 - -  - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

fugation and extracted with o.I M so(]Junl aceta te  (pH 5.o). Step V. CM-cellulose 
treat~r~nt. The extract  was stirred for x5 rain with CM-cellulose Ix~wder (4 rag/rag 
of  protein). The suspension was centrifuged and the superna tan t  solution was dialysed 
overnight against o.x bl sodium acetate  (pH 7.0}. Step V1. C~vstallization. Enzyrnicall~¢ 
active protein precipi tated on dialysis but readily dissolved in o. 5 M sodium ace ta te  
{pH 7.o). Drop-wise addit ion of  w~tter, to reduce the buffer concentrat ion to approx. 
o.z M. produced a faint turbkl i tv :  on s tanding overnight ,  this increased in in tens i ty  
and yiekh~l crystall ine enzyme. This procedure resulted in a x6o-fold purification 
with an overall yield of  25",, ~ (Table !). 

The crystall ine enzyme catalysed the /J-decarboxylation of 73/*moles" of  L- 
a s p a r t a t e : m i n / m g  of protein at 30°; this is more than  ten  t imes the ac t iv i ty  of the  
best preparation previously reported 4, even though tha t  was agsayed at  37 °. The  
ac t iv i ty  of the cryst~kine enzyme, expres~xl as pmoles of  L-aspartate decarboxyl~te~/  
min//~mole of bound pyridoxat  5 ' -phosphate (see below) was 3860 at  30 °, which is 
of  the .~ame order as the value of 475o at 37 ~, calculated from the work of  NISHIMUR/~ 
et a/." for the enzyme from Cl. perfrdnge~s. 

The s t imulat ion of  enzymic ac t iv i ty  by  pyr idoxal  5°-phus.phate and  pytaxvate 
observed with the l . -aspmtate 4-carboxy-lyase from Cl. pe~'fringe'ns ~ was observed 
al.~o with the crystalline enzyme from Achromobact¢r {Table I!). The low ac t iv i ty  of  
the enzyme in the absence of  act ivators  was increased 2-fold by  the addit ion of  
pyridt.,xal 5 ' -phosphate and more than  b-fold by  the addi t ion of  pyruvate .  

Tilt: spect rum of the crystall ine enzyme a t  pH 7.o exhibi ted two peaks at  ~8o mp 

* .qpecific a c t i v i t i e s  o f  u p  to  K35 ,.*,ere o b t a i n e d  in  s u h s e q l ~ e n t  p r e p a r a t i o n s ~  whe)~ tb~  ~ry~- 
t a l l i zcd  e n z y m e  w a s  d i l u t e d  w i t h  u 5 %  l~win-_ n e r u m  a l b u m e n  b e f o r e  a ~ y .  T h e  a m o u n t  o f  
~ r y s t ~ l l i n e  p ) o t e i n  bmrl,. 'ng I me[-" o f  p y r i d o x a !  5 " - p h o a p h t t t e  v a r i e d  f r o m  53 o o o  ;,; g t o  l lZ o o o  × g ;  
t h e  mo~ t  a c t i v e  e n z y m e  h a d  a n  a c t i v i t y  o f  1 0 o o 0  ~ m o l e s  o f  L - a s p a r t a t e  d e e a r b t ) x y l a t e d l m i n /  
t amole  o f  b o u n d  p y r i d o x a l  5 " - p h o s p h a t e  a t  3 o°.  

EI)t~cRim. Bsophys .  Acta .  67 {[965} 345-348 
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T h e  ctlrrIplete s y s t e m  for a . ~ t v  of  L-a ' ;part2o" 4-{;virho~y-Iv&sP xv.'l~ t h a t  d ~ c r i l ~ . d  un(ier  T&hll TM. l 
b u t  a lso  c o n t a i n e d  o. 5 #l tm,Ie 'of  p y r i d o x z l  :~'-i)ho,.phate :-ri the  ma.in ¢t>mtlar tn ient  o f  XVarbt~rg 

flask~, 

i /  leZl ,t" ~'l 't l t 
• I i~4-rl" 5 y l / t / Y l  d 'trt'>~x. I l l  "~! C ' ( l t  

l-+ - ";-~'~dl m i l d ' t i l l  ~ 
,I/ ~l,o,l~rln j 

C,~mple~.e (~o 
[~vrido,xlil .5"-phosphate omit*=t.d ~5o  
P~-ruvate  o m i t t e d  iO,6 
l+)~rido.~xl . 5" -ph . spha te  and  
p y r u v a t e  o m i t t e d  .g . j  

a~,d 360 mkl wi th  .x.~ a b ~ o r b a n c y  ra t io  of  4-" : I (big. x,A). Th e  e n z y m e  at  S t ep  V 
h a d  a smal l  peak  at  4xo m!z which  d i s a p p e a r e d  on fu r t h e r  pur i f ica t ion .  Acid i f ica t ion  
o f  t h e  e n z y m e  wi th  HCI to  p H  < 3 ve.,,ul<'ed in the  disapl:~:arant:e o f  the  peak  a t  
30o mbl (Fig. I ,A) ; s u b s e q u e n t  t r e a t m e n t  o f  this  m a t e t i a l  w i th  phenylhy*Jraz ine ,  b y  

25.0' 2~D 2.-~ l-) 370 ~i12, .'i~> ~-- <->0 

%s/fly t'-t~ r.g t h l ,'rij.i ~ 

I . O  

O.ii  

i 

i$ 

/ i Z ' t  
°T sJ 7 \ - 

.7 \ - 

O / I  i i i i I I 1 t "  I" 

limve~n3tit (mtJ) 

Fig+ zA. A b s o r p t i o n  s p e c t r a  o f  L-a.~p~irtate 4 -ca r l .~xy- lyase .  C~i:ve I0 o.q~.5 m g  p ro t e i n  in i~o ml 
o.25 M s o d i u m  a c e t a t e  (pH 7.o): C u r v e  z, E n z y m e  (as in C u r v e  t) 3o rain a f t e r  t he  a d d i t i o n  of  
o , !  ml  2 N HCi to  b r ing  t h e  p H  to  2.7; Curve  3- E n z y m e  (a.~ in Curve  i) a f t e r  t he  a d d i t i o n  of  

o~t m l i  N N a O [ l  t o  b r i n g  tile p H  tn  g~o+ 
Fill. t •_ Ab~orp t ion  .~[lectr.L of  t he  pheny lhydraz~Jncs  ttf pyza(it;xal 5" -p i lospha te  arid t he  ch to t~o-  
p h o r e  o f  L - a s p a r t a t e  ¢-carbox .v- lyase .  { ) Tc  the  e n z y m e  ,~iis in  C u r v e  2, Fig. IA) wa_s a d d e d  
o.o~ ml p h e n y l h y d r & z m e  r e a g e n t  [z g p h c n y l l l y d r a z i n e  h y d r o c h l o r i d e  in ]oo ml of  t o  .N 
H iSOi ) .  T h e  p r e c i p i t a t e d  p r o t e i n  wa.s rvm~x-ed by  c e n t r i f o g a t a o n  a n d  t h e  spectrurP,  w a s  r e c o i d e d  
IS rain l i f ter  t h e  a d d i t i o n  o f  t h e  r e a g e n t .  ( ~ . - - )  o.o~9 #*mole of  p y r i d o x a l  5 ' - p h o s p h a t e  in o.9~ ml 
o f  w a t e r  w a s  t r e a t e d  w i t h  o .o  5 ml  phen2tlhydr-,izi*ie r e a g e n t  &nO t h e  s p e c t r u m  li-as r e c o r d e d  a f t e r  
t o  rain÷ All s p e c t . ~  wer~ recurde~! wlah azl Ol~tic-~ .~¢¢Gi'~'~ng sp_ec'~rophotomct~: .:rid ,.,,-2:c cnrr '- 'ctr:l  

¢or d i l u t i o n  cd-~'ct.~. 

t t i o c h i m  tr~lio#~lt~,.* .4*fa, (i 7 (s963) 345-3. i8  
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the  method  of WAI~A A,~I> Sx~.t.t. 6, resulted in the rapid  format ion of  a compound  
with a peak at 4xo mkt. The spec t rum is closely similar to tha t  of  the phenyIhydrazone  
of authent ic  pyridoxal  5"-phosphate (Fig. x,B). I mole of  pyr idoxal  5 ' -phospha te  
phenylhydrazone  was fimnd per 53 ooo g of  protein  in this prepara t ion;  this was 
in good agreement  with the  results of  microbiological assay  for v i tamin B 6 in the  
acid-hydrolyzed enzyme,  by  tim method  of MORRIS et a~l. ?, which showed z mole of  

0 7 'l pyridc>xal 5 '-phn~phate to be present  per 52 5o0 g of  protein (4- a .,o~- 
The spec t rum of the enzyme in o.x N N a O H  had a peak at 39 o m/~ (f ig .  I,A) 

indicative of free pyr idoxal  5 ' -phosphate .  The  enzyme lost its ac t iv i ty  under  them 
c~m,iition.~ a.,'.d could not be reac t iva ted  b y  added  pyr idoxal  5 ' -phosphate .  

The ,pectral  propert ies  of  L-aspartate  4-carboxy- lyase  are of  considerable in- 
terest ~ince this enzyme appears  to ~e unique in its requirement  for an ac t iva tor  in 
addit ion to the bound  pyvidoxal  5'-phnspl~ate. The peak a t  36o ink* has  not previous ly  
been f~mnd in pyr idoxal  5 ' -phosphate  enzymes  in the  p H  range of  ¢-7 which usual ly  
b a r e  a peak at 415-43o nv~ due  to Schiff base format ion (see ref. 8). "rherefi~re the  
peak at 36n m/~ may  be due  to the  binding of  pyr idoxal  5 ' -phosphate  in an unusua l  
form. The nature, of  th;.s binding is current ly  under  inv~ t iga t ion .  
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