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t h e n  again, it  m a y  be t h a t  t he  in t ranuc lear  calcium takes  
pa r t  in in t racel lular  calc ium kinetics.  W h e t h e r  the  
changes  are re la ted  to  mechanica l  muscle  ac t iv i ty  or are  
an express ion of a d a p t a t i o n  processes  remains  unclear.  

Rdsumd. L'ana lyse  par  microsonde 61ectronique des 
cellules musculaires  mo n t r e  de hau tes  concen t ra t ions  de 
calc ium dans  tes n o y a n x ;  la concen t ra t ion  peu t  fitre 
modifi6e pha rmaco log iquemen t  ou par  ,pacemaker~  
61ectrique 
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Organophosphate-Detoxicating Enzymes in E. coli. 
Paraoxonase and Unspecific Phosphohydrolases 

Toxic o rgan0phospha tes ,  common ly  known  as insec- 
t icides or as nerve  gases, are inhib i tors  of chol inesterases ,  
t h e r e b y  blocking nerve  t rans ln iss ionL Some hydro ly t i c  
enzymes  ( ' phosphory lphospha tases ' )  are capable  of 
sp l i t t ing  the  ac idanhydr ide  bond  of o rganophospha te  
poisons,  forming  non- tox ic  o rganophosphorus  acid2, ~. 
The following pape r  describes the  enzymat i c  organo- 
p h o s p h a t e  de tox ica t ion  by  E. coli phosphohydro lases .  
Two de tox ica t ing  enzymes  were fmmd,  a D F P a s e  (E.C. 
3.8.2.1) and  a pa raoxonase  (arylesterase,  E.C. 3.1.1.2). 

D F P a s e - a c t i v i t y  was de t e rmined  by  3 me thod s  wi th  
d i - i sopropyl f luorophospha te  (DFP) as subs t ra te :  t i t r i -  
met r ica l ly  4, manome t r i ca l l y  5 or by  measur ing  the  liber- 
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Fig. 1. Geliiltration of E. coli extract on Sephadex G-200 (2.5 • 73 cm). 
4 mi extract (2 g wet ceils) containing 73 mg protein and 562 mU 
DFPase were fraetionated at I~ flow rate: 0.2 ml/min. O, protein 
(E 1 emx 260J; �9 DFPase (mU/ml). 

Gelfiltration and Isoelectric Focusing of DFPase, 

a ted  fluoride wi th  an ionsensi t ive  electrode ~. P a r a o x o n a s e  
was tes ted  color imetr ical ly  wi th  0 ,0-die thyl-0-p-ni t ro-  
p h e n y l p h o s p h a t e  (paraoxon)7. Alkaline and acid phos-  
pha t a se  were measured  color imetr ical ly  wi th  p -n i t rophe-  
n y l p h o s p h a t e  in 0.2 M Tris-buffer at  p H  9 and p i t  6, the  
absorbance  at  405 n m  was read  af ter  d i lu t ing  samples  
w i th  1 M sodium hydroxide .  Phosphod ies te rase  de te rmi-  
na t ions  were pe r fo rmed  wi th  bis-p-nitrophenylphosphate 
at  p H  8 in the  same way. All t e s t s  were pe r fo rmed  at  
25 ~ ac t iv i ty  is expressed as 1 amole  subs t ra te  hydrol -  
yzed per  min.  E. coli K12sr ex t rac t s  were p repa red  accord- 
ing to MCILwAIN 8. The ex t rac t  was f rac t iona ted  by  gelfil- 
tratioI1 on a Sephadex  G-200 columnl the  elut ion d iagram 
for p ro te in  und  D F P a s e  is shown in Figure 1. The dis t r ibu-  
t ion  coefficients (Kd-valus) of the  2 D F P a s e  peaks  were 
calcula ted 9 and  compared  wi th  those  of Other phospho-  
hydrolases  in a second expe r imen t  on the  same column 
(Table I). 

D F P a s e  and  paraoxonase  could clearly be sepera ted  by  
gelf i l t ra t ion;  no over lapping  ac t iv i ty  was de tec ted :  
D F P a s e  f ract ions  did no t  hydro lyze  p a r ao x o n  and  vice 
versa. There  was no hydrolys is  of p - n i t r o p h e n y l p h o s p h a t e  
at  acid or alkaline p i t  or of bis-p-nitro-phenylphosphate 
by e i ther  the  D F P a s e  or pa raoxonase  conta in ing  frac- 
t ions. The phosphohydro lases  in E. coli ex t rac t s  were 
addi t iona l ly  subjec ted  to free p repa ra t ive  isoelectric 
focusingl0,n .  Four  D F P a s e  peaks  wi th  is0electric poin ts  
of 5.3, 5.7, 6.1 and  7.8 were found  (Figure 2). The iso- 
electric po in t s  of the  o ther  phosphohydro la ses  were de- 
t e rmined  in an ident ical  way  in a d i f ferent  exper iment ,  
the  isoelectric po in t s  are l is ted in Table II .  The phospho-  
hydrolases  of E. coli showed similar  or even  ident ical  
isoelectric points ,  so, in con t ras t  to  t he  gelf i l t rat ion 
exper iment ,  t h e y  could no t  be separa ted  by  th is  method .  

Coli D F P a s e  has  a low subs t ra te  af f in i ty  (Km 1.7 • 10 -~ 
M/1 for DFP)  and  shows pure  MICHAELIS-MENTEN kinetic 
(Figure 3). The p H - d e p e n d e n c e  of coli D F P a s e  is shown 

Table I. Distribution coefficients (Kd-valus) of E. coli phospho- 
hydrolases oI~ Sephadex G-200 (2.5 • 73 cm) 

Enzyme Kd-valus 

DFPase 0.21 
Paraoxonase 0.11 
Acid phosphatase 0.39 
Alkaline phosphatase 0.42 
Phosphodiesterase 0.40 

0.31 
0.55 0.66 

Table II. Isoelectric points of E. coli phosphohydrolases determined 
by free preparative isoelectrie focusing in 2% ampholine, pH 3-6 

Enzyme Isoelectric points 

DFPase 5.3 5.7 6.1 7.8 
Paraoxonase 5.3 5.6 6.2 
Acid phosphatase 4.9 5.3 6.4 
Alkaline phosphatase 4.8 5.3 
Phosphodiesterase 5.0 5.3 5.6 6.3 
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Fig. 2. Preparative free isoelectric focusing of E. coli extract (1.8 ml extract, containing 324 mU DFPase and 29 mg protein + 12 nfi 
2% ampholine, pH 3-6, 41 h, 1000 V. •  pH; ~,  protein (E 1 cm~ 260J; �9 DFPase (mU/fraetion). 
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Fig. 3. LINEWEAVER-BoRK-p1ot of DFP-hydrolysis by E. coli DFPase. 
T Automatic titrimetric assay in 10 ml 0.1 M N aCl with 200 ~xl extract 

(10 mg protein), pH 8, 25~ 
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Fig. 4. pH-dependenee of E. coli DFPase. Automatic titrimetrie 
method at 0.1 M substrate concentration in 0.1 M NaC1 with 200 Exl 
extract containing 10 mg protein. 

in  F i g u r e  4, t h e  p H  o p t i m u m  is a t  8.3. T h e  c o r r e s p o n d i n g  
k i n e t i c  c o n s t a n t s  for  p a r a o x o n a s e  in  E. coli t e s t e d  w i t h  
p a r a o x o n  a r e  K m  5 • 10 -s  M/1, t i le  p H  o p t i m u m  is a t  
9.3. T h e  e x t r a c t e d  p h o s p h o r y l p h o s p h a t a s e s  a r e  r a t h e r  
u n s t a b l e ,  l o s i n g  a b o u t  10 to  30~ a c t i v i t y  p e r  d a y  a t  r o o m  
t e m p e r a t u r e .  

T h e  i n s t a b i l i t y  of  t h e  e n z y m e s  a n d  t h e  low s u b s t r a t e  
a f f i n i t y  m a k e  E. coli D F P a s e  a n d  p a r a o x o n a s e  u n s u i t a b l e  
t oo l s  for  p r e p a r i n g  e f f i c i en t  e n z y m a t i c  p r o t e c t o r s  a g a i n s t  
o r g a n o p h o s p h a t e  p o i s o n i n g  of m a m m a l s .  

Zusammen/assung. Die  E n t g i f t u n g  v o n  O r g a n o p h o s -  
p h a t e n  d u r c h  E coli-Phosphophydrolasen w u r d e  u n t e r -  
s u c h t  u n d  e ine  D F P a s e  (E.C. 3.8.2.1) u n d  e ine  P a r a -  
o x o n a s e  (E.C. 3.1.1.2) n a c h g e w i e s e n .  D ie  T r e n n u n g  d e r  
P h o s p h o h y d r o l a s e n  e r fo lg t e  d u r c h  G e l f i l t r a t i o n  u n d  d ie  
i s o e l e k t r i s c h e n  P u n k t e  w u r d e n  in  f re ier ,  p r / i p a r a t i v e r  
F o k u s s i e r u n g  b e s t i m m t .  A u s s e r d e m  w u r d e n  S u b s t r a t -  u n d  
p H - A b h S m g i g k e i t  u n t e r s u c h t .  

R .  ZECH a n d  K.  D.  WIGAND 

Physiologisch-chemisches Institut der Universitiit, 
Humboldtallee 7, D-34 GSttingen 
(German Federal Republic, BRD), 
23 September 7974. 

1 E. D. ADRIAN, W. FELDBERG and B. A. KILBV, Br. J. Pharmae. 2, 
56 (1947). 

2 A. MAZnR, J. biol. Chem. 76d, 271 {1946). 
s K. B. AUGIJSTINSSO~, Biochim. biophys. Aeta 73, 303 (1954). 

R. Z E g  and H. ENGELHARD, Biochem. Z. 343, 86 (1965). 
5 R. ZEc~, Hoppe-Seyler's Z. physiol. Chem. 350, 1415 (1969). 
s R. ZECH and K. D. WIGAND, Z. kiln. Chem. klin. Bioehem. 71, 446 

(1973). 
7 R. ZECH and K. ZORCHER, Comp. Bioehem. Physiol. 48B, 427 

(1974). 
s It .  MelLwAIN, J. gen. Mierobiol. 2, 288 (1948). 
9 T. WIELAND, P. DOSBERG and H. DETERMANN, Biochem. Z. 377, 

303 (1963). 
:to V. MACKO and H. STEGEMANN, Analyt. Bioehem. 37, 186 (1970). 
11 R. ZEC}I and K. Z*JRCHER, Life Sei. 13, 383 (1973). 


