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Conversion of the Adenosine Moieties
of RNA into ATP for Use in Cofactor Recycling

Sir.'

We report here a practical procedure for transforming the
adenosinc moieties of RNA into ATP (Scheme I). Yeast RNA
and the requis i te enzymes are commercial ly avai lable and in-
cxpensive, and diammonium acetyl phosphate (AcP) is easily
prepared.r  The mixture of  nucleot ides generated by th is pro-
cedure (containing ATP, GMP, UMP, CMP, and other minor
const i tuents) may be used without pur i f icat ion in synthet ic
schemes involving enzymatic catalysis with ATP recycling.2.l
This method is the most practical one presently available for
generat ing thc ATP rcquired in such schemes. Thc fol lowing
detai ls i l lustrate the manipulat ions involved in prepar ing the
ATP-containing mixture,  and in i ts use in ATP-requir ing en-
zymat ic synthesis.

In a rcprcscntative procedure, RNA (100 g, 85% pure, from
Torula yeast,  Sigma Chemical  Co.)  was dissolved in 400 mL
of water,  and the solut ion adjusted to pH 5.6 wi th NaOH and
t o  0 . 1  m M  i n  Z n ( l l ) . 4  N u c l e a s e  P r s  ( 8 . C .  3 . 1 . 4 . - , 0 . 2 0  m g , 9 3
U6)  was added and the  so lu t ion  was a l lowed to  s t i r  a t  65  oC.
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The progress of the digestion was followed by LC7 and by en-
zymat ic assay for AMPU and appeared to be complete in 65
h.  The resu l t ing  so lu t ion  conta incd  (mi l l imo les)  AMp (80) ,
G M P  ( 6 0 ) ,  U M P  ( 8 l ) ,  a n d  C M P  ( 3 l ) .  A c t i v e  e n z y m e  c o u l d
be recovered from the digest by ultrafi ltration and reused.

An al iquot of  th is solut ion (280 mL, 50 mmol of  AMP) was
cooled to room temperature and di luted to 2.25 L.  The pH of
the solut ion was adjusted to pH 7.6 wi th 2 M Na2CO3, and a
pH-stat  was employed to maintain th is pH through the sub-
scquent react ion by addi t ion of  2 M Nau CO3. Acetate k inase
(E C.  2 .1  .2 .1 ,  100 U)  and adeny la te  k inasc  (8 .C.  2 . j  .4 .3 ,300
U) immobilized in -200-prn particles of cross-linked poly-
(acrylamide-co-N-acryloxysuccinimide) gele were added,
together with magnesium acetate (75 mmol), ATP (0.I mmol),
and di th iothrei to l  (0 3 g) Diammonium aceryl  phosphate (  1.0
M solut ion) was added at  2.2 mmol h-r  to the st i r rcd solut ion.
Ai ter  44 h of  addi t ion,  thc react ion mixture contained (mi l l i -
mo lcs)  ATP (41) ,  ADP (5) ,  and AMP (  I  ) .8  Thcse quant i t ies
correspond to a 907o selectivity for conversion of acetyl phos-
phate into ATP and ADP. The remainder of  the acetyl  phos-
phate was lost  by hydrolysis;  no di-  or  t r iphosphates of  other
nucleotides werc detected.

This mixture was used directly in enzyme-catalyzed reac-
t ions requir ing ATP recycl ing.  For example,  an al iquot (250
mL) was used to provide 7 mmolof ATP for a reaction mixture

K

original ly containing, inter al ia, l0 glucose ( I  .0 mol),  hexokinase
( E . C .  2 . 1 . 1 1 ,  1 2 0  U ) ,  a n d  a c e t a t e  k i n a s e  ( 1 0 0  U )  i n  1 . 6  L  o f
so lu t ion.  Addi t ion o f  AcP over  l36 h ,  fo l lowed by workup as
described previously,2 yielded I I  0 g of sol id, of which 90Vo (by
weight )  was accounted for  by enzymat ic  assay as Ba G-6-p.
7HzO.  The y ie ld  o f  G-6-P based on AcP was 5 l%.  S imi lar ly ,
170 g (420 mmol ,9 l7o pure by weight ,  T}Vabased on acety l
phosphate) of dicyclohexylammonium sr-glycerol 3-phosphate
was iso la ted lo l lowing procedures descr ibed e lsewhere l  a f ter
l2  h  o f  operat ion o f  a  reactor  or ig ina l ly  conta in ing g lycero l
( - 500  mmo l ) .  g l yce ro l  k i nase  (800  U ,  F , .C .2 .7 .1 .30 ) ,  ace ta te
k inasc (420 LJ) ,  and a 90-rnL a l iquot  o i  thc  nuc leot ide so lu t ion
(  1 .7  mnro l  o f  ATP) .  Both o f  thcse react ions fo l lowed a course
wh ich  was  qua l i t a t i ve l v  i nd i s t i ngu i shab le  f r om tha t  obse rvcd
w i th  s im i l a r  r cac t i ons  ca r r i ed  ou t  w i t h  pu re  ATP :  t h i s  obse r -
vat ion cs tab l ishes that  the crudc,  ATP-conta in ing,  nuc leot ide
so lu t ion scrves as a  sat is factory  subst i tu te  for  pure ATP.

Much of  the expense of  comme rc ia l  ATP is  determined by
i ts  pur i f ica t ion.  t l igh pur i t l  i s  not  necessary  for  cofactors  to
be  used  i n  r cc r c l i ng  schen tes .  bu t  anv  impu r i t i es  mus t  no t  i n -
terfere with thc rcactions nor degrade the enzymes, cofactors,
reactants ,  or  products .  The mix ture o f  nuc leot ides generated
by this procedure contains no more Lhan27 molVo ATP, but,
s ince no pur i f ica t ion s teps are requi red pr ior  to  i ts  use in  pro-
cedures involving cofactor recycl ing. i t  provides a part icularly
convenicnt  source of  . \TP for  organic  synthet ic  use.  Wc note,
howeve r ,  t ha t  pu rc  ,ATP  can  bc  i so la ted  f r om th i s  m ix tu re  by
convent iona l  tcchniques.  i f  requ i red.  Th is  preparat ion o f  ATP
is superior to one reported earl ier based on phosphorylat ion
of  adenos ine:10 the enzymes requi red are a l l  commerc ia l ly
ava i l ab le ,  and  t hc  cos t  o f  t hc  s ta r t i ng  adenos ine  mo ie t i es  i s
lower .
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