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P h o s p h a t a s e s  o f  Mycobacterium 6 0 7  

Cons iderab le  d a t a  ex i s t  r e g a r d i n g  p h o s p h a t a s e s  of ani -  
ma l s  a n d  p l a n t s  ~, b u t  r e l a t i ve ly  less is k n o w n  a b o u t  bac-  
t e r i a l  p h o s p h a t a s e s .  I n f o r m a t i o n  a b o u t  t he  e n z y m e s  of 
m y c o b a c t e r i a  h a s  been  r ev i ewed  *, a n d  t he  p resence  of 
U D P G  p h o s p h a t a s e  h a s  b e e n  m e n t i o n e d .  T he  occur rence  
of p o l y p h o s p h a t a s e  h a s  also b e e n  r e p o r t e d  in  Mycobac- 
ter ium smegmatis~. T h i s  r e p o r t  r ecords  o b s e r v a t i o n s  o n  
some o t h e r  p h o s p h a t a s e s  of Mycobacter ium 607, wh ich  
will  b e  of i n t e r e s t  to  t hose  w or k i ng  on  t he  m e t a b o l i s m  of 
bac te r i a ,  especia l ly  t h a t  of m y c o b a c t e r i a .  

Mater ia l s  and  methods. M .  607 g r o w n  as desc r ibed  pre-  
v ious ly  4 was  s o n i c a t e d  w i t h  t h r e e  t i m e s  i t s  v o l u m e  of 
w a t e r  for  20 m i n  in  a 9 Kc  R a y t h e o n  sonic  osci l la tor .  T h e  
cell-free ex t r ac t ,  o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  for  20 ra in  
a t  10,000 g, was  b r o u g h t  to  full  s a t u r a t i o n  w i t h  a m m o -  
n i u m  s u l p h a t e  a n d  t he  s e p a r a t e d  p r o t e i n  r ecovered  b y  
cen t r i fuga t ion .  Th i s  p r o t e i n  was  d issolved in  0 . 0 0 5 M  
Tris-HC1 (pH 7.4) a n d  d ia lysed  o v e r n i g h t  aga i n s t  t he  
same  buffer .  The  d ia lysed  p r e p a r a t i o n  was  s u b s e q u e n t l y  
used  as e n z y m e  source.  All  ope ra t ions  were car r ied  ou t  a t  
0-4°C.  T h e  p r e p a r a t i o n  so o b t a i n e d  c o n t a i n e d  no more  
t h a n  t r aces  of phospho r us ,  as d e t e r m i n e d  b y  t he  BART- 
LETT p rocedu re  ~ a f t e r  p r e l i m i n a r y  acid hydro lys i s  for  
labi le  phospha t e s .  T h u s  t h e  poss ib i l i ty  of in te r fe rence  or  
compl i ca t ions  due  to t he  presence  of bac t e r i a l  p h o s p h a t e s  
was  ru led  out ,  w h i c h  r e m a i n e d  no t  on ly  in cell-free pre-  
p a r a t i o n s  o b t a i n e d  b y  d i rec t  cell g r ind ing  or  sonica t ion ,  
b u t  were also ca r r ied  in the  ace tone  dr ied  p r epa ra t i ons .  

Fo r  t he  e n z y m e  a s say  100 / ,moles  Tris-HC1 or  Tr is  
m a l e a t e  buf fe r  (pH 8.0), 5/* moles  s u b s t r a t e ,  7 /zmoles 
MgC12, 5 / , m o l e s  r educed  g l u t a t h i o n e  (GSH)  a n d  e n z y m e  
p r o t e i n  in  a f ina l  v o l u m e  of 1 m l  was  i n c u b a t e d  a t  37°C 
for  15 min .  A t  t he  end  of t h e  i n c u b a t i o n  per iod ,  t h e  en-  
z y m e  was  i n a c t i v a t e d  b y  t he  a d d i t i o n  of 2 ml  of chi l led  
5 % TCA, a n d  t h e  so lu t ions  were chil led.  Af t e r  c en t r i f ug ing  
d o w n  t h e  p ro te in ,  co lour  for  o r t h o p h o s p h o r u s  (Pi) was  
deve loped  b y  t h e  FISKt~. a n d  SUBBAROW m e t h o d  ~ on  su i t -  
ab le  a l iquots .  A con t ro l  was  r u n  s imul t aneous ly ,  w h i c h  
was  g iven  iden t i ca l  t r e a t m e n t  e x c e p t  t h a t  e n z y m e  addi -  
t i on  was m a d e  s u b s e q u e n t  to  t h e  a d d i t i o n  of TCA, a t  t he  
end  of t h e  i n c u b a t i o n  period.  P r o t e i n  was  e s t i m a t e d  b y  
the  m e t h o d  of LOWRY et  a l . 7  

Resul ts  and discussion. Tab le  I shows  t h a t ,  u n d e r  t h e  
a s say  cond i t ions  employed ,  o r t h o p h o s p h a t e  was sp l i t  en-  
zymica l l y  f rom A T P ,  A D P ,  F - 1 , 6 - d i - p h o s p h a t e  a n d  
p y r o p h o s p h a t e ,  a n d  t he  r a t e  of r e a c t i o n  was d i f f e ren t  
w i t h  each  subs t r a t e .  All  e n z y m e  assays  were  p e r f o r m e d  
u n d e r  l inea r  k ine t i c  condi t ions .  No o r t h o p h o s p h a t e  l ibera-  
t i on  was seen  w i t h  x -g lyce rophospha te ,  f l -glycerophos-  
pha t e ,  G - l - P ,  G - 6 - P  a n d  A M P  us ing  up  to  3 m g  e n z y m e  
pro te in .  

T h e  p H  o p t i m a  for  A T P  a n d  p y r o p h o s p h a t e  hydro lys i s  
t e s t e d  b e t w e e n  p H  5.2-8.8 us ing  T r i s - m a l ea t e  was found  
to  lie a t  p H  7.8-8.0.  A c t i v i t y  in Tris-HC1 was t he  s ame  as  
in  Tr i s -ma lea t e .  T h e  r e q u i r e m e n t  of b i v a l e n t  ca t ion ,  
Mg 2+, a p p e a r s  essen t ia l  since, w h e n  t e s t e d  w i t h  A T P  as 
s u b s t r a t e ,  omiss ion  of Mg *+ r educed  t h e  a c t i v i t y  (95% 
of t h a t  in  t h e  p resence  of 7 × 1 0 - S M  MgCI,);  a n d  inc lu-  
s ion of E D T A  (2 × 1 0 - a M )  in  t h e  abs ence  of MgC1, 
abo l i shed  t h e  a c t i v i t y  c o m p l e t e l y  t o w a r d s  al l  t h e  ef fec t ive  
subs t r a t e s .  F luo r ide  i n h i b i t e d  t h e  r e a c t i o n  r a t e  b y  20% 
a t  4 × 1 0 - ~ M  c o n c e n t r a t i o n  w i t h  A T P  as s u b s t r a t e .  F o r  
comple t e  inh ib i t i on ,  r e l a t i ve ly  h i g h  c o n c e n t r a t i o n ,  0 .14M,  
f luor ide  was  requi red .  Omiss ion  of G S H  f rom t h e  a s say  
s y s t e m  h a d  no  effect  on  ac t iv i ty ,  b u t  a d d i t i o n  of p a r a -  
h y d r o x y  m e r c u r i b e n z o a t e  ( P H M B )  (1 × 10-*M)  in-  
h i b i t e d  t h e  a c t i v i t y  to  t h e  e x t e n t  of 75%.  T h e  P H M B  

i n h i b i t i o n  was  c o m p l e t e l y  r eve r sed  b y  t h e  a d d i t i o n  of 
G S H  (5 x 10-3M),  

W h e n  a n  excess of e n z y m e  p r o t e i n  was  i n c u b a t e d  w i t h  
l imi t ing  s u b s t r a t e ,  t h e  q u a n t i t a t i v e  l i b e r a t i o n  of two  
e q u i v a l e n t s  of o r t h o p h o s p h a t e  was seen  for  b o t h  A T P  a n d  
p y r o p h o s p h a t e  a n d  o n l y  one  for  A D P .  To d e t e r m i n e  
w h e t h e r  t h e  s ame  e n z y m e  was  i n v o l v e d  in t h e  h y d r o l y s i s  
of A T P  a n d  A D P ,  t he  r a t e  of  r eac t i on  was  fol lowed b y  
inc lud ing  b o t h  t h e  s u b s t r a t e s  t o g e t h e r  in  t h e  a s s a y  sys-  
t em.  The  a m o u n t s  of A T P  a n d  A D P  e m p l o y e d  were  n o t  
l imi t ing ,  s ince d o u b l i n g  t h e i r  c o n c e n t r a t i o n  was  w i t h o u t  
effect.  T h e  a m o u n t  of o r t h o p h o s p h o r u s  l i b e r a t e d  was  
found  to  be  equa l  to  t h e  s u m  of  o r t h o p h o s p h a t e  l i b e r a t e d  
w i t h  A T P  a n d  A D P  a lone  (Tab le  I), sugges t ing  t h a t  dif-  
f e ren t  e n z y m e s  a re  i n v o l v e d  for  t h e  h y d r o l y s i s  of t he se  
two  subs tances .  Th i s  was  more  c l ea r ly  s h o w n  b y  t h e  effect  
of h e a t  t r e a t m e n t  on  e n z y m e  p r e p a r a t i o n .  W i t h  u n h e a t e d  

Table I. Activity of Mycobacterium 607 phosphatases with different 
substrates 

Substrate /~mole Pi liberated/15 min#ng 
protein 

ATP ] .04 
ADP 0.48 
F- 1,6-diphosphate 0.31 
Pyrophosphate 30.10 
ATP+ ADP 1.65 

A tier heat treatment 
ATP 0,13 
ADP 0,47 
Pyrophosphate 4.59 

Table II. Effect of inhibitors on phosphatase activity 

Inhibitors /zmole Pi 
liberated~] 15 
min/mg protein 

Nab" 
NaF 
PHMB 
PHMB 
PHMB 

4 x 10-2M 0.82 
O.14M 0.00 

1 x 10"4M 0.26 
2 x 10-4M 0.19 
1 x 10-aM + GSH 
5 x 10-aM 1.I0 

ATP was used as substrate. 
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e n z y m e  p repa ra t i ons ,  r eac t ion  r a t e  w i t h  A D P  was ha l f  of 
t h a t  w i t h  A T P ,  whereas ,  a f t e r  5 m i n  h e a t  t r e a t m e n t  a t  
60°C, a c t i v i t y  t o w a r d s  A T P  d r o p p e d  cons ide r ab ly  (87%) 
whi le  t h a t  w i t h  A D P  r e m a i n e d  unaf fec ted .  T h u s  t h e r e  
are  a t  leas t  two  enzymes  respons ib le  for A T P  a n d  A D P  
hydro lys i s .  The  presence  of e x t r e m e l y  a c t i v e  p y r o p h o s -  
p h a t a s e  a c t i v i t y  h a v i n g  s imi la r  p H  o p t i m a  a n d  suscept i -  
b i l i ty  to  h e a t  t r e a t m e n t  as t h a t  of A T P  h y d r o l y s i n g  en-  
zyme  a c t i v i t y  prec ludes  a n y  specu la t ion  a b o u t  t he  n a t u r e  
of A T P  hydro lys i s .  

The  occur rence  of F - 1 , 6 - d i - p h o s p h a t a s e  a c t i v i t y  in  
m y c o b a c t e r i a  is of i n t e r e s t  because  of i t s  k n o w n  invo lve-  
m e n t  in hexose  m o n o p h o s p h a t e  p a t h w a y  x, ~ a n d  in  rever -  
sa l  of glycolysis  s. B o t h  o p e r a t i o n  of hexose  m o n o p h o s -  
p h a t e  p a t h w a y  8 a n d  glycolysis  r eve r sa l  - as j u d g e d  b y  
the  f o r m a t i o n  of g lycogen  a n d  o t h e r  po lysaccha r ides  to-  
g e t h e r  w i t h  t h e  p resence  of o t h e r  g lyco ly t ic  e n z y m e s  in  
th i s  o r g a n i s m  grown on glycerol  as c a r b o n  source ~ - are  
k n o w n  in  m y c o b a c t e r i a .  F u r t h e r ,  for t h e  i n t e r c o n v e r s i o n  
of F - 6 - P  to  F - l , 6 - d i p h o s p h a t e ,  two  d i f f e ren t  e n z y m e s  
c a t a l y s i n g  t h e  un id i r ec t i ona l  r eac t i ons  are  invo lved .  T h e  
presence  of p h o s p h o f r u c t o k i n a s e  in  m y c o b a c t e r i a  was  
r epo r t ed  b y  GOLDMAN a, a n d  t he  p r e s e n t  d e m o n s t r a t i o n  
of F - 1 , 5 - d i p h o s p h a t a s e  a c t i v i t y  sugges t s  t h a t  a s imi la r  
d ive r s ion  of m e t a b o l i c  rou t e  occurs  he re  also as  in  
an ima l s  a, 10, n .  

Zusammen/assung. Die P h o s p h a t a s e ( n ) - A k t i v i t A t  der  
zel l freien E x t r a k t e  y o n  Myeobacterium 607 w u r d e  u n t e r -  
s u c h t  u n d  P y r o p h o s p h a t ,  ATP ,  A D P  u n d  F r u c t o s e - l , 5 -  
d i p h o s p h a t  hydro l i s ie r t .  E igene  E i g e n s c h a f t e n  de r  Phos -  
p h a t a s e n  w u r d e n  s t u d i e r t .  A u c h  wurde  nachgewiesen ,  
dass  die H y d r o l y s c  y o n  A T P  u n d  A D P  d u r c h  m i n d e s t e n s  
zwei ve r sch i edene  E n z y m e  h e r v o r z u r u f e n  ist.  
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Electron  Microscop ic  Observat ion  of  Bacter ia  
G r o w i n ~  on the Skin  Surface  

The  f i xa t i on  of spec imens  of h u m a n  sk in  c o n f i n i n g  
bac te r i a ,  u s ing  in  our  l a b o r a t o r y  c o n v e n t i o n a l  m e t h o d s  
ior  m a m m a l i a n  t i ssues  (osmium te t rox ide ,  g lu t a r a lde -  
hyde ,  p o t a s s i u m  p e r m a n g a n a t e )  fai led to  r e su l t  in  ade-  
q u a t e  bac t e r i a l  f ixa t ion .  The re fo re  we dec ided  to  t r y  t h e  
RVTER-KELL~SBERG~R (R-K) f ixa t ion  technique1 .  

T h e  a reas  of t he  sk in  to  be  b iops ied  were  k n o w n  to  
possess  b a c t e r i a  because  pos i t i ve  cu l tu re s  of va r i ous  or- 

g an i s ms  were  o b t a i n e d  e i t h e r  b y  s w a b b i n g  or  s c rap ing  t h e  
sk in  surface.  A sma l l  p u n c h  2 m m  in  d i a m e t e r  was  used 
fol lowing local  i n f i l t r a t i o n  w i t h  2~/o xyloca ine .  I m m e -  
d i a t e l y  a f t e r  r emova l ,  each  spec imen  was i m m e r s e d  in 

Fig. 2. Bacterium observed right above the stratum corneum (SC). 
The cell wall (CW) and a double-layered plasma membrane (PM) are 

seen ( × 52,000). 

Fig. 1. Bacteria proliferating on the skin surface. The nucleoplasm 
of one of them (N) and the superficial stratum corneum (SC) are 

shown ( x 36,000), 
1 A. RYTER and E. KELL~NBERGER, Z, Naturforsch. 13B, 597 

(195s). 


