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Phosphotransacetylase of Lactobacillus fermenti, properties of the enzyme 
and determination of coenzyme A 

Phosphot ransace ty lase  (accty l -CoA:or thopl los t )hatc  ace ty l t ransferasc ,  E(" 
2. 3.1.8) ca ta lyzes  the reversible t ransfer  of acctyl  group froln acetyl-CoA t~ phosphate  
as shown in React ion (I), and was first discovered by .qr:xt)T.~l,xx and co-W(,lker~, l-:~ 
from ('lostridium khn'vcrii ext rac t ,  in  z()b3, I~,ER(;.~II-','I';IO isolated this enzyme in 
crys ta l l ine  form from ('. khn",'crii. Many other  workers also found this enzvnw in 
several  bacter ia  such as Eschcrichia coil'-',5, n, and Bacillus me[gah'rlttm 7, clc. 

CHa( . 'OOI ' ( )z t t  2 - C o : \ S t l  -= CHnCOS( ;o : \  ~- Hsl.)Ot ( t )  

In the ticld of biochemical  analysis  several  methods  haxe been devised for the 
de te rmina t ion  of ( 'oASH (ref. 8). Among these, the phost)hotransacetylasv mettn~d 
has widely been accepted because of its high specificity for CoASII .  lh~wcvcr, ('. 
kluy'vcri[, the source of the enzyme,  is very troubles,  line to cul t ivate .  

This communica t ion  is concerned with the t)resencc of a high level ~t" phost~h,~- 
t ransace ty lase  in the ex t rac t  of Lactobacilhtsfcrmcnti s t ra in  3b (1F() Nt~. 3o7 I, AT('(" 
N~,. 9338); a s tudy  on t he  appl ica t ion  of par t ia l ly  purified enZVlne to the st)ectr~-. 
l )hotometric  es t imat ion  of C . A S I t  is also included. I.. fermenti, one of he terolcrmcn-  
ta t ive  lactic acid bacter ia ,  has been widel\" used fl)r the microt)i, llogical assay of 
t h i a m i n e ,  a n d  since these organisms art: t 'asih" cul t iva ted ,  it seems t h a t  an  ol)staHc 
of cul t iva t ion  as seen in ('. khn'v,'rii is overcome. 

c (- 
I 

I I 
! 
I 

0 2  i- I 
i 
I. 

E t 

o o . / / ;  o 

I:// 

o oi: 
o ~  

. . . . . . .  

I t ~ ,  __ 1 L _ ~ _  . l  J 

3 4 5 6 7 8 9 ~0 
T i m e  ( r a i n )  

Fig.  I. ( ' h a n g c  of  a b s o r p t i o n  a t  233 l l I I 1  o f  r e a c t i o n  m i x t u r e  u n d e r  tilt" v a r i o u s  c u n c c n t r a t i o n s  of 
CoASH.  l : a c h  c u v e t t e  c o n t a i n e d  i o / n n o h ' s  o f  a c e t y l p h o s p h a t c .  23 o / t m o l e s  of  Tr i s -  t l ( ' l  ( p l l  7.7) 
a n d  3Y5  ftg (°.~7 uni t )  of  p h o s p h o t r a n s a c c t y l a s c  ( F r a c t i o n  I":-3-1)) in a l inal  v o l u m e  of y o m l  
( :-)- } w i t h  o. lS 3 / tmoh '  o f  ( ' o : \ S H ;  ( - - -O ) w i t h  o. lo  5 / nno l e  of  ( ' o A S I I :  a n d  ( :". ) w i t h  
o . o 7 3 7 / t m o h '  o f  ( ' o A S H ,  r e s p e c t i v e l y .  T c m p e r a t u r c ,  3o . Q u a r t z  cells, l i g h t  p a t h  t .o  cm.  R e a c t i o n  
was  i n i t i a t e d  in a l l  cases  by  a d d i t i o n  of  e n z y m e  a t  zero  t ime .  113 A s s a y  m e t h o d  11, the  r e a c t i o n  
m i x t u r e  c o n t a i n e d  t hc  s an i c  c o m p o n e n t s  as  d e s c r i b e d  abox'c,  e x c e p t  t h a t  th(. c (mcen t r ; t t i on  ,,f 
('oASI-{ was  f ixcd a t  o.2 ]ll"llole pe r  3 1ii1. 

13iock~m. tHopkys. .'lcta, e2~{197  o) ¢)o6 (,o 9 
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L. fermenti strain 36 was obtained from the Inst i tute fi>r l"ermentation, Osaka. 
Organisms used for the preparation of the enzyme were grown in the medium con- 
taining I°/'o Bacto-peptone (Difco), o.5% Bacto-yeast  extract  (Difco}, 1% Bacto-beef 

0 ~ extract  (Difco) and I.O/o 1)-glucose (pH 6.5). Incubat ion after inoculation of organ- 
isms was carried out at 37 ° fl~r 18 h without shaking. 

Phost)hotransacetylase act ivi ty was determined by the method of  STADTMAN 9 

(Assay Method i). The activity" was also followed by an increase in absorption at 
233 nnl that  had been described by BI.:RGMI.:YI.:R ~, except that  glutathione was omitted 
(Assay Method II ,  see Fig. I). 

Twenty  grams of deep frozen cell paste were suspended in I0O ml of "l'ris-HC1 
(ptt 7.7). The cell suspension was then sonically disrupted (Kubota,  type KMS-2oo) 
for 2o rain, and the sonicate was centrifuged at 15 ooo × g for 4 ° inin. The super- 
na tant  (Fraction E-I)  was added with 16. 4 ml of 2c!, s t reptomycin sulfate (pH 7.o). 
After standing fi)r 2o rain, it was centrifuged at 7ooo >: g for 2o rain. The supernatant  
(l"raetion E-2) was fractionated with (NH4)oSO 4. The fractions precipitating at 3o-  
t~5<~o saturat ion were recovered by centrifugation at 27 ooo x g for 30 rain. The 
precipitate was dissolved in 2o ml of o.i 5I "fris-HCl (pH 7.7) (Fraction E-3), and 
dialyse, d for t8 h at 5 '' against 4 1 of the saIlle buffer solution. The diffusate (l:raction 
E-3-D ) obtained did n o t  S]lOW ltnv loss of  activi ty (luring dialysis. As shown in 
Table I, almost 98o0 of enzyme activity was recovered in leraction E-3-D. It seems 
that  this crude enzyme preparation is very stable through purification procedures 
including fi'eezing and dialysis. Fraction E-3-I) was used in all experiments described 
in this communicat ion,  and this flaction maintained full act ivi ty for at least a month  
when stored at - ~ o "  to - - l f f .  (>2-f<,ld dilution of this fraction could satisfactorily 
be used for the Co: \Sl[  assay system (Assay Method II), :tnd o.I ml of this diluted 

"1':\ 1~1.1" l 

I , A R r l A I .  P U R I F I C A T I O N  OF P H ( ) S P H O T R A N . N A C E T ' ~ ' I . A S } "  I :ROM l a c l o b a c i l h t s  f t 'rlJl£tlt t  

All p u r i l i c a t i o n  p r o c e d u r e s  were  c a r r i e d  o u t  a t  3 -5 : .  F n z v m e  a c t i v i t y  was  m e a s u r e d  a c c o r d i n g  to  
Assay  m e t h o d  1 (see ref. 9), a n d  p r o t e i n  was  e s t i m a t e d  by  t he  :128 U,,m m e t h o d  e x c e p t  w h e n  
m e l l t i o n e d  o t h e r w i s e .  

l"ractio~t l 'oh tmc  .'t.,~0 ~,,,  ] 'ngymc uni t s  
(ml) 

"l'~lal Per  t>~ r 
I)?1 .428o nm 

Y,da (%) 

l'i-x Cei l - f ree  xt~ 4 54 m o  33 ° Ioo.o 

e x t r a c t  

1"-2 S t r e p t o m y c i n  17- 2o04 5 (> 353 329 27.4 Io4.5 
s u l f a t e  
s u p e r n a t ~ l n t  

E-3 3 ° ~>5'!,, 2<) 75 ° 5 ° 175 25<>9  ~6.9 92. 7 
(NII4)2S()  4 12 735" °37"  17 . ° ' "  
s a td .  pp t .  

1"-3-I) l ) i f f u s a t e  o f  32.8 7,55 11 515 " .112" 17.9"" 98.4 
f r a c t i o n  l-- 3 8o5" ' "  tO.8* 

" I ) e t e r m i n e d  b y  A s s a y  m e t h o d  I1 (see Fig.  x). 
"" I ) e t c r m i n e d  b y  Assay. i n e t h o d  I I a n d  ..t2s 0nm m e t h o d .  

" '"  P r o t e i n  (rag) t l e t e r m i n e d  by  t he  m e t h o d  of  I.OWRV ct al. t°. 
* l ) e t e r m i n e d  b y  A s s a y  m e t h o d  [[ a n d  the  m e t h o d  of  [.O'O,'RY t't ~g[. TM. 

l h o c h t m ,  tho / ,hys . . . l c ta ,  2zo ( I97  o) 6o6-¢)o9 
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solut ion in 3 i111 of react ion mixture  was equivalent  t,) about  o.o 3 ()f the spectro-  
ph()tometric scale of absorbance  at  233 nm.  

Fig. I i l lus t ra tes  the tyl)it 'al results  of  acetv l - ( 'oe \  fl)rmati(m in the presence ()t 
L. fcrmenti enzyme.  The increase in absorbance  at  233 nm was dire( ' t ly t)rop(,rtional 
to the amounts  of ( 'oASH added.  The fl}rward react ion of React ion (I) was completed  
during the first 3 rain of the reactitm. ()n the basis of the fact, it is concluded that  
the par t i a l ly  purified enzyme prepara t io i l  is appl icable  to the qua n t i t a t i ve  dctcrmi-  
nati(m of ('oASH. 

The opt imal  pH was shown t() bc I)It 7.7 in "l'ris-HCI. 
Nei ther  ( 'oASSt 'oA,  4 ' -phosphol)ante the ine  , 4'-ph()st)hopant(,thilw , n(,r ('()ASS- 

g lu ta th ione  served as subs t ra tes  in the  ph()sphotransacvtylase reaction.  
On the other  hand,  it was found tha t  3 ' -dephosph() ( 'o- \Sl l  also) reacted with 

a ( c ty lphospha t e  in the i)resence of L. fermcnli enzy'nw, but  the react ion vel()citv f()r 
3'-det~hosph()C(~ASH was mu('h slower than tha t  for C()ASH as described 1) 3' BV.I¢(;- 
MI'.'YI-R a in the case ()f Ch)stridium enzyme.  The catalvti(" ac t iv i ty  ()f 3'-(leph()st)h()- 
(~oASH was ol)serve(l to 1)e (me ten th  tha t  of ( ' ( ) : \St t .  As seen in Fig. 2, the in('reast: 
in al)sorbance ol)servcd in the reacti()n mixture  conta ining both ( ' ,)ASH and 3'-de- 
ph()sphoCoAgH was rapid  and stee l ) within the initial  2 rain, represent ing tht. 
ace.tylation of ( 'oASH in the react ion mixture.  Moreover it c()ntinued t() in(Tease fl,r 
about  a fi lr ther 8 rain after  ('()ASH had been comple te ly  acetvlatvd.  The rate  ()f 
cont inuing increase in abs(,rt)ancc was the s~tlllt, as tha t  of 3 ' -dephospho t ' oASH alone. 
()n the basis of this fact, it was concluded tha t  the ( 'o.,\SH c(mtents  in the react ion 
mixture  conta ining 3 '-det)host)hoCoASlt  could be ca lcula ted  at -, t~, 5 rain af ter  the 
ini t ia t i tm of react ion by the nwth()d tha t  was i l lus t ra ted in Fig. 2. 
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FiR. 2. I ) i t t c r c n t i a l  { lc tc rmin ;~ t ion  o f  C o A S H  c o n t e n t s  in t h e  s a m p l e  c o n t a m i n a t e d  w i t h  3 ' -  
d e p h ( ) s p h o ( ' o . \ S H ,  l - a c h  c u v c t t e  c o n t a i n e d  [o  t~moles  o f  a c c t y l p h o s p h a t e ,  24o / m l o h : s  o f  T r i s -  
HCI ( p H  7.7) a n d  2o t tg  o f  v n z v m c  p r o t e i n  ( F r a c t i o n  lG3-I ) )  in a f inal  v o l u m e  o f  3.o ml  ( "~ ) 
w i t h  o. l S p m o l c  o f 3 " - t l e p h o s p l m ( ' o A S t l .  ( - - O  ) w i t h  o. l S / i m o l e o f ( ' o A S l t ,  a n d  ( . - - - C , )  w i t h  
b o t h  o. lS umoh,* o f  CoA,<,II a n d  3 ' - d e p h ~ ) s p h o ( ' o A S l l ,  r e s p e c t i v e l y .  ( ) t h e r  c o n d i t i o n s  we re  t h o s e  
vix 'en in l" i - .  I. E q u a t i o n  tk)r c u r v e  at ( - / ,  ), c a l c u l a t e d  f r o m  o t o  5 ra in ,  w a s  ,qa - o . o o 2 7  • 

: O.t)711 t; t'~)r c u r v e  b ( • • ). c a l c u l a t e d  f ro ln  2 to  5 ra in ,  w a s  .qb : -  o . 2 ~ 3  --  o .ooo ' t>7  l ;  a n d  
c u r v c  c { • ), c a l c u l a t e d  f r o m  , t o  5 ra in ,  w a s  .qc o .212  : o . 0 4 5  t. r e s p e c t i v e l y .  T h e  o r t l i na t t ,  
i n t e r s e c t  ( ) f ic t l rve  l) a R r e e d  w i t h  t h a t  o f  c l l r ve  c. 

lCHJchim, lhophys..4cla. - . , o  (1(77o) ~,>(~- h o ( )  
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EI"I"I~CT OF CATIONS AND ANION ON PHOSPHOTRANSACETYLASE 

R e a c t i o n  m i x t u r e  c o n t a i n e d  t h e  sanl , ,  c o m p o n e n t s  a s  t h a t  o f  A s s a y  n l e f i l o d  I I (see F ig .  i). e x c e p t  
t h a t  c a t i o n s  w e r e  a d d e d  in t h e  c h l o r i d e  f o r m  a n d  a n i o n  w a s  a d d e d  as  s o d i u n l  sa l t .  C o A S I  [ a ( l d c d  
w a s  f r o m  S i g m a .  T h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  m i x t u r e  w a s  1.675 Bg (o .oz  un i t )  p e r  3 ml. 

.'tddzti,,n Conch. Actwi ty  
rccow, red (%) 

.~ ()I1(~ .... I OO 

NHI~  Io  2 i - '  
N H t" 3 3  1 5 5  
K ¢ IO 1 7 7  
Na ' 20 02 
l.i" IO" 72 
RI)" 1o I41 
( ' a  2" Io  52 
l~;t z '  IO 25 
31g 2" x() 5 ~ 
('S " I O 59 
,~( )42 - I O 7 8 * * 

" :ks t h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  a c c t y l  p h o s p h a t e  d i l i t h i u l n  sa l t ,  t h e  t o t a l  l.i~ c o n c h .  
s h o u l d  be  c o r r e c t e d  to  17 raM.  

"" ( ' o m p a r e d  w i t h  t h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  e ( l u i m o l a r  NaCI .  

As shown in Table II, K ¢, NH4 +, and Rb- were required fi)r its maximum 
activity, while Ca" e, Mg 2+, Ba 2 ~, Cs +, and SO42- were inhibitory. 

Propionyll)hosphate could also serve as substrate in the phosphotransacetylase 
react ion,  though the rate of reaction was about  one th i rd  tha t  which was observed 
in the, case of  ace ty lphospha te .  

We wish to thank Drs. H. Ozawa and M. Uchiyama,  Professors of Tohoku 
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are also grateflfl to E. Yamazaki,  S. Morimoto and M. Iwanaga for their  cont inuing 
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Osaka Plant, 
Takeda Chemical Industries, Ltd., 
.54, Juso-Nishino-cho 4-chomc, 
H~ash@odogawa-ku, Osaka (Japan) 
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