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S U M M A R Y  

Guanos ine  3 ' ,  5 ' - c y c l i c  monophosphate  phosphod ies te rase  a c t i v i t y  was 
detected in e x t r a c t s  os B a c i l l u s  t i c h e n i F o r m i s  s t r a i n  A - 5 .  The  enzyme  is  
associate~4_with th~_~05,000 xg supe rna tan t  Frac t ion  ol = the ex t r ac t ,  r e q u i r e s  
e i t h e r  Mn  o r  Ca f o r  f u l l  a c t i v i t y  and has a pH o p t i m u m  of  7 . 5 - 8 . 0 .  T w o  
c y c l i c  nuc leo t i de  phosphod ies te rase  Frac t ions  have been separa ted  by 
d i e t h y l a m i n o e t h y l  - c e l l u l o s e  c h r o m a t o g r a p h y ,  one of  w h i c h  e x h i b i t s  a 14- fo ld  
i n c r e a s e  in  s p e c i f i c i t y  t owa rd  guanos ine  3 ' ,  5 ' - c y c l i c  monophosphate  as 
compared  w i t h  adenos ine  3 ' ,  5 ' - c y c l i c  monophosphate .  

Adenos ine  3 ' ,  5 ' - c y c l i c  monophosphate  ( c A M P )  is now recogn i zed  as a 

key i n t r a c e t l u l a r  r e g u l a t o r  o f  a n u m b e r  o f  p h y s i o l o g i c a l  p rocesses .  In 

1963, the occu rence  of  a second c y c l i c  nuc leo t ide ,  guanos ine  3 ' ,  5 ' - c y c l i c  

monophosphate  ( cGMP)  was r e p o r t e d  (1). In E s c h e r i c h i a  ~ c A M P  is 

a p p a r e n t l y  r e q u i r e d  For the t r a n s c r i p t i o n  of  the genome of  i n d u c i b l e  enzymes  

(2, 3, 4), bu t  i t  has been demons t ra ted  tha t  c G M P  can compete  w i t h  c A M P  

For b ind ing  to a r e c e p t o r  p r o t e i n  and p r e v e n t  c A M P  dependent  s y n t h e s i s  of  

[3-gatactos idase and ga lac tok inase  in v i t r o  (5, 6, 7). In B a c i l l u s  l i c h e n i F o r m i s  

e x t r a c t s ,  c A M P  was not  detected,  w h i l e  c G M P  pools  ranged f r o m  0 .5  nM to 

8 nM at v a r i o u s  g r o w t h  s tages of  the ce l l s  (8). Thus  c G M P  may  p lay  some 

r e g u l a t o r y  r o l e  in the p h y s i o l o g y  of  these and o t h e r  ce l t s .  

* T h i s  r e s e a r c h  was suppor ted  in  p a r t  by g ran t s  A I  05096 f r o m  the Nat l .  
ins t .  o f  Hea l th  and GB 35377>< f r o m  the Na t iona l  S c i e n c e  Founda t ion .  

* * P r e s e n t  address :  D e p a r t m e n t  o f  M i c r o b i o l o g y ,  M e d i c a l  Cen te r ,  
U n i v e r s i t y  o f  Roches te r ,  Roches te r ,  New Y o r k  14620 
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Guanos ine  8' ~5 ' - cyc l i c  monophosphate  is Formed f r o m  guanos ine  5 ' -  

t r i phospha te  by guany la te  cyc tase (9) and hyd ro t yzed  by cGMP phosphod i -  

es te rase .  The  l a t t e r  enzyme has not been repo r t ed  to occu r  in b a c t e r i a .  

We wou ld  l i ke  to r e p o r t  some p r e l i m i n a r y  obse rva t i ons  on the c h a r a c t e r i s t i c s  

os cGMP phosphod ies te rase  a c t i v i t y  in B. l i c h e n i f o r m i s .  

M A T E R I A L S  A N D  M E T H O D S  

G r o w t h  cond i t ions :  B a c i l l u s  l i c h e n i f o r m i s  s t r a i n  A - 5  used th roughou t  

th is  i nves t i ga t i on .  The ce l ts  w e r e  g rown  in a m i n i m a l  g l u c o s e - s a l t s  m e d i u m  

as p r e v i o u s l y  r e p o r t e d  (10), ha rves ted  at  the end o f  exponen t ia l  growth~ 

and ce l l s  f r o m  two l i t e r s  o f  c u l t u r e  w e r e  used f o r  the p r e p a r a t i o n  os ex t rac ts .  

P r e p a r a t i o n  os ex t rac ts :  E x t r a c t i o n  o f  the enzyme f r o m  ce l l s  and a l l  

subsequent  steps w e r e  p e r f o r m e d  at  0 to 5 ~ O. Ce l ts  w e r e  ha rves ted  by 

c e n t r i f u g a t i o n  at  3000 xg f o r  10 m inu tes  and w e r e  washed w i th  a b u f f e r  

con ta in ing  10 m M  T r i s - H O l  pH 7 .7 ,  2 m U  UgSO4~ 0 .25  m M  e t h i e n e d i -  

a m i n e t e t r a a c e t i c  ac id ,  1.0 m U  d i t h i o t h r e i t o t  and 10% g l y c e r o l  (T bu f fe r ) .  

Packed ce l l s  w e r e  suspended in 4 . 0  m l  o f  T b u f f e r  and we re  b roken  by 

son ic  t r e a t m e n t  by t h ree  30-second  burs ts  in a 20 .0  Kc M S E  (Measu r i ng  and 

S c i e n t i f i c  Equipment~ London) son ic  o s c i l t a t o r .  The b roken  ce l t  suspens ion 

was cen t r i f uged  a t  105~ 000 xg f o r  60 m inu tes .  The  superna tan t  f r a c t i o n  

was removed  and app l i ed  to  a 2 . 2  x 12 cm sephadex G-25 co lumn e q u i l -  

i b r a t e d  w i t h  50 m M  T r i s - H C l  buffer, pH 7 .5 .  The  p r o t e i n  was e lu ted w i th  

T r i s - H C l  bu f f e r  and the f i r s t  14 m l  a f t e r  the vo id  v o l u m e  was co l l ec ted .  

E x t r a c t  p r e p a r e d  in th i s  m a n n e r  was used as c rude ex t rac t .  P r o t e i n  

concen t ra t i on  was d e t e r m i n e d  by the method of  Lowry~ et a l .  (11) us ing 

bov ine  s e r u m  a l b u m i n  as a s tandard ,  

D e t e r m i n a t i o n  o f  cGMP phosphod ies te rase  and c A M P  phosphod ies te rase :  

The  s tandard  assay  conta ined:  1-2000 FM cGMP, 1.0 FOi 8 - ( 3 H ) - c G M P  
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F i g u r e  1. D E A E  - c e l l u l o s e  c h r o m a t o g r a p h y  o f  B. l i c h e n i F o r m i s  cGMP 
phosphod ies te rase  and c A M P  phosphod ies te rase  f r o m  5 mt of  c rude f r a c t i o n .  
Samp les  os 0. 1 m l  w e r e  assayed d i r e c t l y ,  each assay  con ta in ing  0. 1 m U  
cGMP o r  0. 1 m M  c A M P .  Reac t ion  v e l o c i t i e s  a r e  r e p o r t e d  as pmo les  c y c l i c  
nuc leo t ide  c leaved pe r  m i n u t e : O - ~ O ,  c y c l i c  G M P  phosphod ies te rase ;  
c y c l i c  A M P  phosphod ies te rase ;  . . . . .  , absor~)ance at  280 nm. 

(0 .5  C t / m M )  p u r i f i e d  by method of A . A .  Whi te  and T . V .  Z e n s e r  (12), 50 m M  

T r i s - H C l  bu f fe r ,  pH 7.5 ,  1 m M  MnCl2 ,  2 m M  M g S 0 4 ,  1 u n i t / m l  o f  5 ' -  

nuc leo t i dase  and 300-900 Fg o f  p r o t e i n  in a f i na l  v o l u m e  of  100 to 150 Fls. 

The  assay was run f o r  60 m in  at 25 ~ C and t e r m i n a t e d  by the add i t i on  o f  

2 . 0  mt of  a 50% aqueous so lu t i on  o f  AG 2 -x8  res in .  The  res i n  was r e m o v e d  

by c e n t r i f u g a t i o n  at  500 xg For 10 minu tes ,  and r a d i o a c t i v e  guanos ine  in the 

superna tan t  f r a c t i o n  was d e t e r m i n e d  using a Beckman  L S - 2 0 0  s c i n t i l l a t i o n  

coun te r  (9). 

The  a c t i v i t y  of  c A M P  phosphod ies te rase  was assayed by rep lac i ng  the 

c y c l i c  guany la te  nuc leo t ide  w i th  the c o r r e s p o n d i n g  c y c l i c  adeny la te  nuc lee t ide  

in the method stated above. 

i d e n t i f i c a t i o n  o f  enzyme reac t i on  products :  A t w o - d i m e n s i o n a l  th in  l a y e r  

c h r o m a t o g r a p h y  ( T L C )  sys tem was used f o r  i d e n t i f i c a t i o n  o f  the dephos-  

p h o r y l a t e d  t r i t i a t e d  p roduo t  - guanosine.  A f t e r  spo t t ing  10 t~l o f  the assay  

m i x t u r e  on a c o r n e r  o f  a square  o f  s i l i c a  ge l  TL-C (3 x 3 cm),  the sheet  was 
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developed f o r  1 h r  us ing  a s o l v e n t  cons i s t i ng  of  n - p r o p a n o l :  NH4OH: H20  

(6:3: 1). A f t e r  d r y i n g  f o r  1 h r  the sheet  was t u rned  90 degrees  and deve loped 

f o r  1 h r  us ing  a s o l v e n t  con ta in i ng  n -bu tano l :  H20  (86: 14). T h i s  2 - d i m e n -  

s i o n a l  s ys tem c o m p l e t e l y  separa ted  c G M P  f r o m  guanos ine  and o the r  gyany la te  

nuc leo t i des .  Af ter -  the c h r o m a t o g r a m s  w e r e  t h o r o u g h l y  d r i ed ,  the compounds  

w e r e  detected w i t h  UV l i g h t  and cut  f r o m  the T L C  sheet .  Each p iece  was 

p laced in  a s c i n t i l l a t i o n  v i a l ,  10 m l  o f  s c i n t i l l a t i o n  f l u i d  was added and the 

r a d i o a c t i v i t y  of  the samp le  was d e t e r m i n e d  as above.  

D E A E -  c e l l u l o s e  co lumn  c h r o m a t o g r a p h y :  The  c rude  e x t r a c t  f r a c t i o n  

(5 rot,  120 rug p ro te i n )  was app l ied  to a 1.5 x 20 cm D E A E - c e l l u l o s e  (DE-52 )  

c o l u m n  e q u i l i b r a t e d  w i t h  T bu f f e r .  Us ing  a Flow r a t e o f  8 . 0  m l / h r ,  the 

c o l u m n  was washed w i t h  300 m l  ol = T bu f f e r ,  f o l l owed  by a g r a d i e n t  rang ing  

f r o m  0 - 0 . 8  M of  Na-acetate  in  T bu f f e r .  P r o t e i n  was m o n i t o r e d  by UV 

absorbance  and f r a c t i o n s  (2 .5  m l )  w e r e  assayed f o r  c G M P  phosphod ies te rase  

and c A M P  phosphod ies te rase  a c t i v i t y .  

M a t e r i a l s :  The  t r i t i a t e d  c O M P  and c A M P  was pu rchased  f r o m  S c h w a r t z  

B i o r e s e a r c h .  N o n - r a d i o a c t i v e  cGMP,  c A M P  and 5 ' - n u c l e o t i d a s e  ( C r o t a l u s  

adamanteus  venom)  w e r e  pu rchased  f r o m  S i g m a  C h e m i c a l  Company .  Sephadex  

G-25  r e s i n  was ob ta ined f r o m  P h a r m a c i a  w h i l e  AG 2 - x 8  r e s i n  was pu rchased  

f r o m  B i o - R a d  L a b o r a t o r i e s .  D E A E - c e l t u l o s e  (DE-52 )  was obta ined f r o m  

Whatman.  S i l i c a  ge l  T L C  p la tes  w e r e  obta ined f r o m  Eas tman  Kodak Company .  

R E S U L T S  A N D  D I S C U S S I O N  

Guanos ine  3 ' ,  5 ' - m o n o p h o s p h a t e  phosphod ies te rase  a c t i v i t y  in  B. 

l i c h e n i f o r m i s  c e l l s  r es i des  p r i m a r i l y  (>90%) in  the 105,000 xg supe rna tan t  

f r a c t i o n .  The  e n z y m e  a c t i v i t y  was l i n e a r  w i t h  r espec t  to p r o t e i n  c o n c e n t r a t i o n  

and t i m e  of  assay .  M a x i m u m  a c t i v i t y  o f  the enzyme  is  obse rved  at  a pH o f  

7 .5  and the a c t i v i t y  i s  h ighes t  when a T r i s - H C t  buffer" i s  used,  S i g n i f i c a n t  
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a c t i v i t y  is  obse rved  when i m i d a z o t e  o r  g l y c y l g l y c i n e  b u f f e r  is  used~ but  

phosphate b u f f e r  i n h i b i t s  the enzyme  reac t i on .  

Of  the d i v a l e n t  ca t ions  tested~ e i t h e r  U n  ++ o r  Ca ++ p roduces  o p t i m u m  

-1 -1 
a c t i v i t y  o f  c G M P  phosphod ies te rase  (12 pmotes  x m in  x mg p ro te i n )  

-H- 
when [ c G M P ]  is  0 . 4  mM~ w h i l e  Mg suppo r t s  on ly  25% of  t h i s  o p t i m u m  

a c t i v i t y .  Mn  ++ but  not Ca ++ suppo r t s  o p t i m u m  a c t i v i t y  of  c A M P  phosphod-  

i es te rase ,  T h i s  is  d i f f e r e n t  f r o m  the m a m m a l i a n  system~ w h e r e  the c G M P  

phosphod ies te rase  a c t i v i t y  is  bes t  s a t i s f i e d  by Mg++~ a l t hough  Mn  ++ can 

subs t i t u t e  ( 13 ) .  

C o l u m n  f r a c t i o n s  f r o m  D E A E - c e l l u t o s e  c h r o m a t o g r a p h y  w e r e  assayed 

f o r  c G M P  and c A M P  phosphod ies te rase  a c t i v i t y  and two  m a j o r  f r a c t i o n s  

w e r e  found hav ing  both enzyme  a c t i v i t i e s  ( F i g u r e  1). F r a c t i o n  A etuted 

at 0 .24  M and f r a c t i o n  B e lu ted at  0 .61 a Na-ace ta te .  T h e  r a t i o  o f  c G M P  

phosphod ies te rase  a c t i v i t y  to CAMP phosphod ies te rase  a c t i v i t y  in  c rude  

e x t r a c t  i s  0. 14. T h e  r a t i o  o f  the phosphod ies te rases  of  f r a c t i o n  A is 2 . 0 6  

whe reas  f r a c t i o n  B is  0 .42 ,  T h u s  f r a c t i o n  A appears  to be p u r i f i e d  t owa rd  

c G M P  phosphod ies te rase  a c t i v i t y .  

Rat  l i v e r  (14) appears  to con ta in  an a c t i v i t y  capable of  h y d r o l y z i n g  c G M P  

but  not the m o r e  p r e v a l e n t  nuc leo t ide  c A M P ,  I t  has been r e p o r t e d  tha t  

p a r t i a l l y  p u r i f i e d  c A M P  phosphod ies te rase  p r e p a r a t i o n s  a l so  h y d r o l y z e  c G M P  

(15~ 16~ 17) and tha t  c G M P  can a f fec t  the ra te  of  h y d r o l y s i s  o f  c A M P  (18~ 19). 

In c e r t a i n  cases~ c A M P  i nh i b i t ed  the h y d r o l y s i s  o f  cGMP and i t  was suggested 

tha t  the two  c y c l i c  nuc ieo t i des  w e r e  h y d r o t y z e d  by one enzyme  tha t  ex i s ted  

in  s e v e r a l  f o r m s  w i t h  d i f f e r e n t  a f f i n i t i e s  f o r  cGMP and c A M P  (17~ 20). F r o m  

o u r  r e s u l t s  o f  me ta l  ion r e q u i r e m e n t  and D E A E - c e t l u l o s e  c o l u m n  f r a c t i o n  

enzyme  ac t i v i t i es~  i t  is  poss ib le  tha t  B..~, t i c h e n i f o r m i s  con ta ins  2 f o r m s  of  
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phosphodiesterases~ one of which can be pur i f ied toward an increased 

spec i f i c i t y  fo r  cGMP. 

In crude extracts~ cGMP phosphodiesterase ac t i v i t y  was found to have 

apparent K values ranging f rom 92-973 #M. A var iab le  K value of 
m m 

cGMP phosphodiesterase was found in bovine heart  (18, 21)~ bovine l i v e r  

(22) and rat  l i v e r  (14). 

Using f rac t ion  A (F igure  1)~ cAMP at 2 mM inhibi ted cGMP phosphodi- 

esterase ac t i v i t y  at var ious cGMP concentrat ions (0. 02 to 2 mM), exhib i t ing 

a 50% inh ib i t ion at 20 t~M cGMP. The enzyme ac t i v i t y  was also inhibi ted 

(at 0.5 mM cGMP) by 0. 1 mM AMP,  fructose-6-phosphate~ or  f r u c t o s e - I ,  

6-bisphosphate but not inhibi ted by glutamine, L-g lu tamate,  e-keto-glutarate~ 

c i t ra te ,  succinate at 1 mM and phosphenolpyruvate at 0. 1 raM. 

The levels  of both guanylate cyclase and cGMP phosphodiesterase ac t i v i t y  

in B__:. l icheniFormis remain  constant throughout the growth cycle (23). Since 

the i n t race l t u la r  pool concentrat ion of cGMP in B. l i chen i fo rm is  ranges f rom 

0 . 5 - 8 . 0  nM (8)~ regulat ion of cGMP pools by regulat ion of cGMP phosphodi- 

esterase (K m >90 t~M) is un l ike ly .  Thus~ regulat ion of the ac t i v i t y  of the 

guanylate cyclase of th is m ic roo rgan ism (9) is present ly  under fu r the r  

invest igat ion.  
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