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Purification of phosphotransacetylase from Escherichia co/i, K-12 
P h o s p h o t r a n s a c e t y l a s e  was  requ i red  as a r eagen t  in a series of e x p e r i m e n t s  which  were p a r t  of 
a s t u d y  of a so luble  p y r u v i c  dehydrogenase  of the  H37Ra" s t r a in  of M y c o b a e t e r i u m  tubercu los i s  
va t .  h o m i n i s  1. The large-scale  p r e p a r a t i o n  of C l o s t r i d i u m  k l u y v e r i  2, 3 and  the  p r e p a r a t i o n  of a h igh ly  
purif ied p f io spho t r ansace ty l a se  4 f rom cell-free e x t r a c t s  of th is  anae robe  h a v e  been described.  
Owing  to  the  difficult ies of g rowing  Cl. k l u y v e r i  on a large scale, a more  conven ien t  source of 
th i s  enzyme  was  sough t  a m o n g  c o m m o n  aerobic  bacter ia .  W h e n  cell-free e x t r a c t s  of severa l  
s t r a in s  of E s c h e r i c h i a  cell were ana lyzed  for t he i r  p h o s p h o t r a n s a c e t y l a s e  conten t ,  e x t r a c t s  of t he  
K - t 2  s t r a in  were found to h a v e  the  h ighes t  a c t i v i t y .  STADTMAN et al. s h a v e  repor ted  the  presence 
of p h o s p h o t r a n s a c e t y l a s e  in severa l  aerobic  organisms.  

E .  cell ,  K-I2  was  g rown for 24 h a t  25 ° in  14 1 of m e d i u m  con ta in ing  pep tone  (i %), y e a s t  
e x t r a c t  (o.i %), K 2 H P O  ~ (o.25 %) a nd  glucose (i %). Vigorous  a e r a t i o n  was  m a i n t a i n e d  t h r o u g h o u t  
the  g rowth  period.  The cells were h a r v e s t e d  by  cen t r i fuga t ion  and  washed  and  resuspended  th ree  
t i m e s  in  o. t  31 Tris* buffer, p H  7.5. The cell pa s t e  a f te r  the  las t  c en t r i fuga t ion  was  recovered  
f rom the  cen t r i fuge  tubes ,  dr ied  in a v a c u u m  des icca to r  and  s tored  a t  - - 2 0  °. Cells p r e p a r e d  
from 14 1 of cu l tu re  m e d i u m  were  p laced  in  a cold m o r t a r  w i t h  5 g A1203. The  t h i c k  m i x t u r e  
was  g round  t h o r o u g h l y  for a b o u t  IO min.  The m i x t u r e  was g r a d u a l l y  d i lu ted  wi th  o. Io M Tris 
buffer, p H  7.5, and  cen t r i fuged  a t  14o,ooo x g for 3 ° rain. The  s u p e r n a t a n t  so lu t ion  was  set  
as ide;  the  res idue was  r e - ex t r ac t ed  twice  by  g r ind ing  and  d i lu t i ng  as before. The three  s u p e r n a t a n t  
so lu t ions  were combined  and  f r ac t iona ted  a t  2 ° w i th  a m m o n i u m  su l fa te  (pH 7-5). The f rac t ions  
p r e c i p i t a t i n g  be tween  the  l imi t s  of 34 and  .53 % s a t u r a t i o n  were recovered  by  cen t r i fuga t ion ,  
combined,  and  r e f r ac t iona ted  wi th  neu t r a l  a m m o n i u m  sulfate.  The f rac t ion  p r e c i p i t a t i n g  be tween  
the  l imi t s  of 37 and  47 % s a t u r a t i o n  was  recovered  by  cen t r i fuga t ion  and re ta ined.  

The p h o s p h o t r a n s a c e t y l a s e  p repa red  in th is  m a n n e r  is s t ab le  in concen t r a t ed  soht t ion  in 
the  presence of a m m o n i u m  sulfate.  Di lu t ion  to  a b o u t  o. t mg p ro t e in /ml  in o.i  3 I  Tris  buffer, 
pH  7-5, leads to i n a c t i v a t i o n  of the  enzyme  wi th in  a few mi nu t e s  a t  o °. E n z y m e  solu t ions  are, 
therefore,  d i lu ted  wi th  a buffer m i x t u r e  con t a in ing  o. lo 3 l  Tris  (pH 7.6), o.oo 3 ,11 reduced 
g l u t a t h i o n e  and o.I % bovine  se rum a lbumin .  P ro t e in  d i lu t ions  con ta in ing  o.o 5 mg /ml  are s tab le  
for several  hours  in th is  so lu t ion  a t  o ~ . 

The assav  sys t em for the p h o s p h o t r a n s a c e t y l a s e  is based on the  fol lowing l inked reac t ions ;  

ace tv l  phospha t e  + CoA ~-  ace ty l  CoA + Pi (1) 

L-mala te  + I ) P N  + ~ oxal~mcetate -~ D P N H  + H + (2) 

ace tv l  CoA + o x a l o a c e t a t e , ~ -  c i t r a t e  + CoA 
,gum reac t ion  : . . . .  - -  - (3) 

ace tv l  phospha t e  + L-malate  + 1)PN~ ~± c i t r a t e  + Pi + D P N H  + H~ 

The assay  m i x t u r e  con ta ins  (in /~moles) : Tr is  lmffer, p H  7.6 (6o), L-mala te  (5.0), L-cysteine (6.o) 
CoA (o.15), acet_vl p h o s p h a t e  (4.o), I )PN (l.o), mal ic  dehydrogenase  6 (o.45 unit) ,  condens ing  
enzytne  ~ (o.o8 unit)  and  phos t / ho t r ansacc ty l a se  (o.2 to 3.o l,g). The final vo lume  is l .o  nil. The  
reac t ion  is s t a r t e d  bv  the  add i t i on  of the  I )PN and  car r ied  out  a t  22 °. The r ednc t ion  of D P N  
is f~llowcd by  measnr ing  the  change  in ex t i nc t i on  per  rain a t  34 ° m t t  over  a 5-min period.  The  
molecu la r  ex t inc t ion  coefficient of 1)PNH a t  34o m/~ s is t a k e n  as 6 . 2 2 - i o  6 cm 2 x mole 1. The  
ra te  of I )PN reduc t ion  is l inear  over  the  5-min per iod under  the  above  cond i t ions  p rov id ing  
the  to ta l  e x t e n t  of DPN reduc t ion  does not  exceed o.o 5 /tmole. One un i t  of p h o s p h o t r a n s a c e t y l a s e  
a c t i v i t y  is defined as t h a t  a m o u n t  which ca t a lyzes  the  fo rma t ion  of t.o t tmole ace ty l  CoA (hence 
I )PN It') in t rain imder  the  above  assay  condi t ions .  Specific a c t i v i t y  is defined as u n i t s / m g  prote in .  
The resul ts  of a t yp ica l  pur i f ica t ion  of the  E .  coil p h o s p h o t r a n s a c e t y l a s e  are shown in Table  I. 

T A B L E  I 

P U R I F I C A T I O N  O F  T H E  P H O G P H O T R A N S A C E T Y L A S E  O F  E .  coli, K-I2 

Protein Units 

Volume Specifiv 
Fraction (ml) Concentration Total % Total % 

activity (mg,'ml) (rag)  recovered (units/rag) (units) recovered 

( ' rude  e x t r a c t  30 20.8 81 I Ioo 2.55 207° ~ oo 
1st (N14 t)2SO4 8. i 22.o 278 2z  8.55 I52O 73 
2nd (N |1~)2S() I 2.2 i8. 5 41 5.o 30.6 125o 61 

* The fol lowing a b b r e v i a t i o n s  will  be used:  Tris, t r i s ( h y d r n x y m e t h y l ) a n l i n o m e t h a n e ;  CoA, 
coenzvme  A; I )PN and  D P N H ,  oxid ized  and  reduced forms of d iphosphopyr id ine  nuc leo t ide ;  
Pi, inorganic  phospha te .  
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The phosphot ransace ty lase  of E. cell is qui te  similar to tha t  described by  STADTMAN 2,4 and 
its characterist ics will therefore not  be described in detail. The enzyme shows a complete require- 
men t  for CoA and sulfhydryl  source 4. Our  phosphot ransace ty lase  of specific act ivi ty 3 ° would 
have a specific act ivi ty of about  9oo in STADTMAN'S arsenolysis assay 5. 

React ion (I) can, under  certain conditions, be carried out  by  glyceraldehyde phospha te  
dehydrogenaseg, TM. The possibil i ty t ha t  the react ion followed in our assay sys tem is actually 
catalyzed by  this  dehydrogenase  r a the r  t han  by  phosphot ransace ty lase  is considered remote since 
the dehydrogenase-catalyzed t ransacyla t ion  is qui te  slow and requires enzyme concentra t ions  
considerably higher  t han  those routinely employed in the phosphot ransace ty lase  assay. This 
quest ion must ,  however,  remain  open until  the glyceraldehyde phospha te  dehydrogenase of E. cell 
is purified and then  used in the phosphot ransace ty lase  assay system.  
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Oxidative deamination of cysteinesulfinic acid 
In  a previous paper  on the  metabol i sm of D-cysteine, in vivo, we have obtained some results, namely 
th.e excretion of taur ine  after  oral adminis t ra t ion  of D-cysteinesulfinic acid (CSA), which could be 
ten ta t ive ly  explained by  a deaminat ion and reaminat ion of this compound 1. The object of the 
present  invest igat ion was to tes t  if CSA was deaminated by  D-amino acid oxidase preparat ions.  

CSA was prepared f rom n-cysteine (Fluka) according to LAVINE 2. n-Aspart ic  acid was a 
commercial  p roduc t  (Fluka). Crystalline catalase was a commercial  product  {Boehringer). FAI)  
was  prepared according to COLOWlCK AND KAPLAN 3. D-Amino acid oxidase was prepared from 
sheep and hog kidney 3. n-Aspar t ic  oxidase was  prepared according to STILL et al. a. 

The oxygen up take  was measured  in the  classical W a r b u r g  appara tus .  Keto acids were 
determined chromatographica l ly  and spect rophotometr ica l ly  identified by the method of 
C_.VALLINI et al. 5. 

Fig. i shows tha t  D-CSA is a subs t ra te  for a crude prepara t ion  of D-amino acid oxidase 
(step 13), prepared ei ther f rom sheep or hog kidney (acetone powder  dissolved in pyrophospha te  
buffer). Compared to DL-alanine, CSA is oxidized more slowly and the oxygen uptake  reaches 
values above the theoretical  am oun t  of o. 5 mole O~/mole substra te .  Chromatographic  analysis of 
the  keto acids formed in the reaction showed the format ion of pyruvic  acid. 

Dur ing  fur ther  purifications of D-amino acid oxidase, a separa t ion  between the alanine 
oxidase and the  CSA oxidase was  achieved. The act ivi ty towards  CSA was retained for only the 
first 3-4 stages of the purification. (Catalase and FAD were added after  the third stage of the 
purification, and we moreover  obtained prepara t ions  purified up to 7th stage, active towards  
alanine.) 

Fig. 2 shows tha t  the D-aspartic oxidase from rabbi t  kidnev also oxidizes ('SA. In  the presence 
of ethanol  the oxygen consumpt ion  was doubled with both subst ra tes ,  showing tha t  both reactions 
follow the classical p a t h w a y  of oxidative deaminat ion with product ion  of HzO 2. The D-aspartic 
oxidase is completely inactive toward  alanine. 

Those resul ts  suggested tha t  ('SA is deanlinated by D-aspartic f~xidase present  in inc~m~ph,toly 
purified prepara t ions  of D-amino acid oxidase. This was tested by incubation ~f l ) -amin,  acid 
oxidase f rom hog kidney with alanine and CSA in presence of 3" io 3 3l sodiunl benzoate, an 


