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SHORT COMMUNICATIONS 

BBA 63471 

Effect of dipicolinic acid on bacterial cyclic 3',5'-nucleotide 
phosphodiesterase 

In a separate paper we reported that  some compounds inhibited cyclic 3',5'- 
nucleotide phosphodiesterase of Serratia marcescens 1. In this communication we re- 
port that  dipicolinic acid strongly inhibits the phosphodiesterase of Brevibacterium 
liquefaciens, a bacterium which makes a large amount of adenosine cyclic 3',5'- 
monophosphate (cyclic AMP) 2, and that  of Escherichia coli. 

For the preparation of enzyme, B. liquefaciens ATCC 14929 was cultured over- 
night in I 1 of a nutrient broth. The cells (4 ° g wet wt.) were suspended in 8o ml of 
5o mM Tris-HCl buffer (pH 8.o) containing 3 #g/ml of deoxyribonuclease and were 
disrupted in a French pressure cell. The 3o ooo × g supernatant of cell extract was 
treated with protamine sulfate (45% to protein) and the supernatant obtained after 
centrifugation was further treated with (NH,)2SO ~ (57.5-65% satn.). The precipitate 
was collected and was dissolved in IO ml of 5o mM Tris-HCl (pH 8.o). The purifi- 
cation achieved was 5.4-fold on a protein basis and the yield was 57%. When the 
phosphodiesterase assay (see below) was performed with 82/~g of enzyme, the re- 
action proceeded linearly over 6o min and the conversion of cyclic AMP to 5'-AMP 
was stoichiometric. The enzyme has a broad pH optimum over the range 6-  9. Km 
for cyclic AMP was o.55 raM. 

E. coli 1895 (kindly donated by Dr. Lederberg, Stanford University, Palo Alto, 
Calif., U.S.A.) was cultured as described above, and the 3o ooo × g supernatant of 
cell extract was used as enzyme (Kin for cyclic AMP o.12 mM). 

The reaction mixture for phosphodiesterase (ioo #1) contained 5o mM Tris-  
He1 (pH 8.o), IO mM MgC12, 1.2 mM cyclic ~8-14C1 AMP and enzyme. The reaction 
proceeded for 4 ° rain (B. liquefaciens enzyme) or 20 rain (E. coli enzyme) at 3 °o and 
was processed according to Method 2 described in a previous paper 1. 

T A B L E  I 

E F F E C T  O F  D I P I C O L I N I C  A C I D  O N  C Y L I C  3 t , N t - N U C L E O T I D E  P H O S P H O D I E S T E R A S E  

Preincubat ion with or wi thout  dipicolinic acid was performed for 3 ° min at 3 °°  in 2oo/~1 of 5 ° mM 
Tris-HC1 (pH 8.o) using 236/~g of B. liquefaciens enzyme or 1. 7 mg o fE .  coli enzyme. The a moun t  
of protein in the assay tube  of phosphodiesterase was 82 i~g (B. liquefaciens) and I7O I*g (E. coli). 

Enzyme  Dipicolinic acid Without preincubation Preincubated with 
( raM)  : dipicolinic acid 

o x 3 io  o I 3 IO 

B .  lique- 5"-AMP (nmoles) 14.8 14.2 13.8 lO. 7 lO.6 1.92 1.o5 o.93 
o/ 8 27.6 o 81.9 91.2 faciens Inhibi t ion (,o) o 4 90.9 

E. coli 5"-AMP (nmoles) 20.8 20. 5 17.2 13.o 22. 3 7.18 5.25 4.8o 
Inhibi t ion (%) o 1.5 17 37.5 o 67.8 76.5 78.5 
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Table I shows t ha t  when dipicolinic acid was added  to the  reac t ion  mix ture  
only slight inhibi t ion was observed.  On the o ther  hand,  when the  enzyme was pre- 
i ncuba ted  wi th  dipicolinic acid, the  react ion ra te  was lowered b y  about  9O~o. The 
lowering of enzyme ac t iv i ty  is due to  the  inac t iva t ion  of enzyme ra the r  than  to  the  
inhibi t ion of the  react ion (see below). Pa r t i a l  inac t iva t ion  was also seen wi th  r abb i t  
b ra in  enzyme a, b u t  phosphodies terase  from S. marcescens 1 was comple te ly  res is tan t  
to  dipicolinic acid. 

One exp lana t ion  of  the  ac t ion of dipicolinic acid is t ha t  phosphodies terases  of 
B. liquefaciens and  E. coli are metal loprote ins ,  and  dipicolinic acid, which is known 
to be a physiological ly  i m p o r t a n t  meta l -che la t ing  agent  in spore-forming bac te r ia  4, 
depr ives  the  enzymes of thei r  me ta l  a toms.  This  exp lana t ion  was verified b y  the  fol- 
lowing observa t ions :  (I) Inac t iva t ion  of the  enzyme b y  dipicolinic acid was p ro tec ted  
b y  Mn 2+ or Ca 2+ bu t  not  b y  Mg 2+. (2) When  the enzyme was incuba ted  with  dipi-  
colinic acid in meta l - f lee  buffer and  then  dipicolinic acid was removed  b y  gel fil- 
t ra t ion ,  no enzymic  ac t iv i ty  could be seen. However ,  when this i nac t iva ted  enzyme 
was again incuba ted  wi th  IO mM Mn 2+ or Ca ~+ for 3 ° min  at  3 o°, pa r t i a l  r eac t iva t ion  
(7O~o wi th  Mn 2+ and 40% wi th  Ca ~+ to wa te r - incuba ted  control) occurred. Mg ~+ d id  
not  have  this  effect. 

TABLE II 

E F F E C T  O F  P R E I N C U B A T I O N  O F  C Y C L I C  3 t , N t - N U C L E O T I D E  P H O S P H O D I E S T E R A S E  W I T H  M E T A L -  

C H E L A T I N G  A G E N T S  

B. liquefaciens enzyme was used. Conditions for preincubation and assay are the same as Table I. 
All acidic reagents were neutralized with NaHCO a. 

Agent Conch. Inhibition 
(raM) (%) 

2,3-Pyridine dicarboxylic acid 
2,4-Pyridine dicarboxylic acid 
2,5-Pyridine dicarboxylic acid 
Dipicolinic acid 

8-Hydroxyquinoline 

EDTA 
Sodium citrate 
a,a'-Dipyridyl 
Preincubated with water 

io 16.o 
io 38.5 
o 21. 5 
2.5 82.3 

io 94.8 
2.5 23.3 

io 59.7 
IO 15. 5 
io 5.5 
io 8.6 
- -  O 

Table  I I  shows the  effect of  pre incubat ion  of enzyme with  several  meta l -  
chela t ing agents.  Whi le  the  effect of EDTA,  sodium c i t ra te  or a,a'-dipyridyl was, if  
any,  small ,  pyr id ine  d icarboxyl ic  acids and 8-hydroxyquinol ine ,  which have a por t ion  
of thei r  s t ruc ture  in common,  as d ipec ted  below, showed a more or less similar  effect. 

\ c A  N~ 
/ H No 

As descr ibed  above,  dipicolinic acid  inac t iva tes  the  phosphodies terase  of  some 
bac te r i a  p r o b a b l y  b y  depr iva t ion  of metal(s)  o ther  than  Mg 2+. The t r e a t m e n t  does 
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no t  cause  d a m a g e  of  a d e n y l  cyclase  of  B. liquefaciens. Thus ,  d ipicol inic  acid  m a y  be a 

useful  r e agen t  for t he  s t u d y  of  mic rob ia l  adeny l  cyclase  and  phosphodies te rase .  
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