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SUMMARY 

High yields of cyclic AMP (CAMP) and cyclic GMP (cGMP) could be obtained by 
near quantitative conversions of adenine and guanine by aerobically-grown mn- 
pro l i fe ra t ing  c e l l s  of Corynebapterium murisepticum. 
su i ted  fo r  t he  preparation of 14C o r  jH Labelled CAMP and CW from respective 
purine base precursors. 
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The procedure i e  especially 

murisepticum 

INTRODUCPION 

3 Adenosine 3'5' cyclic phosphate (CAMP) labelled with l4C or H is a useful 

radioactive biochemical especially f o r  the  assay of CAMP leve l  in the  biological 

f l u ids  by competitive protein binding analysis. 

synthesis of radioactively labelled CAMP involves complex and niultistep opera- 

t ions  (1). 

chemically i n  several steps from labelled adenine (2,3). The enzymatic method 

f o r  t he  preparation of labelled CAMP f r o m  labelled ATF' is cormoercially unsuit- 

able for large scale preparations since it requires e i the r  purified ATWse- 

f ree  adenyl cyclase o r  crude adenyl cyclase with ATP regenerating system (4 ) .  

The procedure f o r  t he  chemical 

The s t a r t i ng  material is labelled AMP which i t s e l f  is prepared 

We have developed a simple, e f f i c i en t  and inexpensive procedure for the  

preparation of labelled CAMP f r o m  labelled adenine using nonproliferating 

c e l l s  of Corynebacterium murisepticum. 

t o  t h e i r  respective nucleoside 3'5' cyclic phosphates through the  salvage 

pathway ( 5 , 6 ) .  

neither involves multistep operations nor does it require expensive material6 

l i k e  labelled ATP and purified enzymes. 

This bacterium converts purine bases 

The advantage of t h i s  procedure l i e s  in the  f a c t  that it 
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MpERIMEm 

Corynebacterium murisepticum ATCC 21374 was maintained on nutrient agar 

The inoculum medium wae m e  of (w/v) 2% glucose, 1% yeast extract, slants.  

1% peptone and 0.3% N a C l  (pH 7.3). 

was composed of (w/v) 0.2$ %pO4, 0 . q  K $ i 9 4 ,  0.3% w04.7f$o, 1% peptone, 

1% yeast extract, 0.3% N a C 1  and 2% glucose (s ter i l ized separately). The pB 

was adjusted t o  7.8 by 2N KOH. 

The growth medium fo r  obtaining the ce l l s  

For cult ivation of the cel ls ,  a loopful of culture grown on an agar s lant  

was transferred to  9 m l  of inoculun medium i n  a 250 m l  Erlenmeyer flask and 

incubated a t  30' fo r  24 hours on a rotary e w e r  (200-250 rpm). TWO m l  of 

this inoculum culture were transferred t o  100 m l  of the growth medium i n  a 

500 m l  Erlenmeyer flask and incubated a8 above fo r  12-24 hours. The expo- 

nentially growing cells were harvested by centrifugation a t  refrigerated 

temperature (0-4') and washed once with an equal volume of ice-cold saline.  

The washed c e l l  pellets were stored at -70~.  

~ d e n i n e - 8 - l ~ C  (specific ac t iv i ty  50.8 pci//lmole) and ader~ine-g-~H 

(specific ac t iv i ty  4.1 mCi/&nle) were obtained f r o m  the Isotope Division of 

this Research Centre. 

washed ce l l s  was studied in a reaction mixture containing @SOq, 5OmM; 

potassium phosphate buffer pH 7.5, 1OOmM; glucose, 50mM; % o r  14C-labelled 

adenine, 1-10- and approximrtely 2.5 x 10 ce l l s  per m l .  The complete 

reaction mixture was incubated a t  30' with vigorous st i r r ing.  After 2-3 

hours of incubation, the mixture was centrifuged and the superaahant 

together v i th  the pooled c e l l  washings was adjusted t o  pH 2 v l th  2N H C 1  and 

passed through an activated charcoal column ( 4 ~ 1 . 5  cm). 

washed thoroughly with water and the labelled CAMP formed was eluted ei ther  

with 15% pyrldine or 50% ethanol containing 1.5% M40H. 

dried i n  vacuo. 

Synthesis of labelled CAMP from labelled adenine by 

10 

The column was 

The eluates were 

The dried sample was taken up with 0.2 ml water and subJected 
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3 t o  premrative paper chronmto-phy on a What= No. 3 paper using lM NH4HCO 

o r  water saturated butan01 - 259 NH3 (1OO:l v/v) a6 the solvent system. The 

CAMP band on the chromatogram was Identified under ul t raviolet  l i gh t  (using a 

chromato1 portable W lamp, Hanovia lamps), cut and eluted with water by the 

descending technique. 

evaporator a t  room temperature and rehydrated with a smll volume of p$ 

ethanol-water and stored a t  -20 C. 

by measurement a t  259 nm in a Perkin-Elmer I24 Double-Eieam Spectrophotometer 

(5).  To determine the radioactivity, an aliquot of the labelled product was 

spotted on a Whatmm No. 1 paper atrip,  dried by a hot air blower, phced i n  

a v i a l  containing 10 m l  sc in t i l l a t i on  fluor (0.5$ PPo in toluene) and counted 

i n  a Beckman IS-100 Liquid Scint i l la t ion System. 

The eluates were evaporated t o  dryness i n  a rotary 

0 
The nucleotide concentration was determined 

RESULTS 

The resul ts  of a typical experiment given in Table 1 indicate t h a t  there 

is alnnst quantitative conversion of added 14C-adenlne t o  14C-cAMP by the ce l l s  

of C. mrisepticum. The specific radioactivity of the isolated 14C-cAMP was 

found to be nearly same as that of the 14C-adenine. 

obtained with added H-adenine. 

Similar resul ts  were 

3 

Table I: Synthesis of radioactively labelled CAMP from radioactively labelled 
adenine 

C-labelled CAMP 3~- l abe l l ed  CAMP 14 
Purification 
s tep Total Radiochem- Sp. radio- Total Radio- Sp. radio- 

CAMP i c a l  yield ac t iv i ty  CAMP chem. ac t iv i ty  
(yci % $ u C i / p l e )  ( m C i )  yield (mCi/@ole) 

- 
98 - ;:: z 1.Supernatant 509 

2.Chsrcoal adsorp- 505 97.2 - 
t i on  

3.Preparative pap. 501 96.2 50.7 3.0 60.0 4.05 
C ~ m a t o t P = P h Y  

The reaction mixture contained e i the r  514pCi of adenine-8-14C ( r 1 O m M )  
o r  5 m C i  of adenine-83H (-1.2mM). 
eluate from charcoal step was subjected t o  paper chromatography a s  described 
in the text and radioactivlty i n  CAMP spot determined. 

An aliquot of the supernatant o r  of the 

A s  seen from the chromatogram (Fig. 1) treatment of labelled reaction 
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product with bovine h e a r t  p h o s p b d i e s t e r a s e  (7) 

r e s u l t e d  i n  complete disappearance of  rad io-  

a c t i v i t y  from CAMP p o s i t i o n  and i t s  appearance in 

5'  AMP pos i t ion .  This confirms t h e  3'5' phospho- 

d i e s t e r  l inkage of t h e  reac t ion  product. 

Fig. 1. Autoradiogram of  bovine heart phosphodie- 
sterase (Sigma Chemical Co. S t .  Louis, USA)- 
t r e a t e d  rad ioac t ive  l a b e l l e d  material i s o l a t e d  
from t h e  r e a c t i o n  mixture, after incubat ion f o r  
two hours with C. murisepticum c e l l s .  A n  a l i q u o t  
of t h e  enzyme-treated l a b e l l e d  material was 
c:hromtographed on a Whatman No. 1 paper us ing  
isopropanol: 1M ammonia: 0.M b o r i c  a c i d  (@:lo: 
30) as t h e  so lvent  system. The chromatogram was 
autoradiographed us ing  Kodah-X-ray f i l m .  

As seen i n  Fig. 2, t h e  i n f r a r e d  spectrum o f  

t h e  i s o l a t e d  14C-labelled r e a c t i o n  product  

corresponded w e l l  wi th  t h e  a u t h e n t i c  CAMP. 

The Rf values obtained i n  paper chromatograph: 

of  t h e  i s o l a t e d  compound with  var ious so lvent  

systems were t h e  same as those  reported for t h e  

au thent ic  CAMP (8). 

Fig. 2. I n f r a r e d  spectra i n  KBr of (i) the C-  
l a b e l  d product formed by C. mrise ticum cells 
from "C-adenine and (ii) &hentic  '-. 

14 

I s o - l l e d ,  ---------Authentic 

WAVE NUMBER (cm-') 

I n  a separate experiment, washed c. m r i s e p t i c u m  cells incubated i n  t h e  

reac t ion  mixture containing cold adenine and 32P-orthophosphate under t h e  same 
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conditions as above quantitatively formed 32P-labelled product identified as  

C A M P .  

It may be noted from table 1 that the radiochemical yield i n  “C-adenine 

3 experiment is 98% whereas that i n  H-adenine experiment is  74%. 

chemical yield i n  

t ion of adenine used i n  the reaction mixture. 

chemical yield was direct ly  related t o  the retention of adenine radioactivity 

by the ce l l s  presumably by an exchange with the cel lular  pool of adenylate. 

For bacterial  ce l l s  the adenylate pool has been reported t o  be i n  the range 

of 1-2mM (9).  This may well account for  the 2% loss of radiochemical yield 

i n  I 4 C  experiment where 

and 26$ loss of radiochemical yield i n  the 3H experiment where 1.2mM of 

adenine was included i n  the reaction mixture. 

The low radio- 

3 H-adenine can solely be at t r ibutable  t o  the low concentra- 

It  was found that loss of radio- 

lOmM of adenine was present i n  the reaction mixture 

During the course of investigation, it was revealed that the efficiency 

of CAMP formation is dependent on the manner i n  which C. murisepticum ce l l s  

are cultivated and the incubation condition of the reaction mixture. Cells 

harvested from growth i n  stationery conditions o r  without proper aeration/ 

agitation converts most of the labelled adenine t o  hypoxanthlne. 

vigorous aeration of the growth medium is  imperative. 

necessary t o  carry out reaction with vigorous shaking t o  preclude the forma- 

t i on  of hypoxanthlne. 

Hence 

Further it was found 
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