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S Y N T H E S I S  A N D  P R O P E R T I E S  OF PALMITYL A D E N Y L A T E ,  

PALMITYL COENZYME A, A N D  PALMITYL GLUTATHIONE* 
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For certain studies on the formation of complex lipids, it was found necessary to 
prepare thiol esters of coenzyme A and long-chain fatty acids. A convenient method 
for the chemical synthesis of palmityl coenzyme A is presented here, and the prepara- 
tion of palmityl adenylate and palmityl glutathione are also described. These are 
modifications of the methods of SIMON AND SHEMIN 1, and of AvISON 2. Transfer reac- 
tions between phosphoryl and sulfhydryl derivatives of short-chain fatty acids have 
been shown to occur 3-5, and recently, acyl adenylates have been suggested as inter- 
mediates in the formation of acyl coenzyme A compounds e-9. We have investigated 
some of these reactions for the long-chain activated fatty acids, and in addition have 
noted the activity of hydrolytic enzymes. These observations are reported in this 
paper. 

EXPERIMENTAI. 

Methods 

Phosphory l  and thiol derivatives of palmitic acid were est imated with hydroxylamine  according to 
KORNBERG AND PRICER 10. Free sulflwdrvl groups were assayed using the ni troprusside reaction u .  
Adenosine t r iphospha te  was  deterlafined spectrophotometr ical ly  by reduction of t r iphospho-  
pyridine nucleotide wi th  glucose, hexokinase and glucose-O-phosphate dehydrogenase va. Protein 
in a clear ext rac t  of t issue or an acetone powder  extract  was measured according to ]%ALCKAR 1"~. 
Adenylic acid was est imated according to LIEBEC 9 el al I~. 

Materials 

( 'oenzynle A and adenosine-5-phosphate  were obtained from the Pabst  Laboratories,  Mihvaukec, 
and 14C-glutathione was obtained f rom the Schwarz Laboratories,  Mount Vernon, New York, 
Palmitic anhydr ide  was prepared from sodium palmita te  and palmityl chloride 15, or from palmitic 
acid and acetic anhydride  le, and was recrvstallized f rom low boiling petrolenm ether. Solvents 
were freed of peroxides immediately before use in the preparat ion of the thiol esters, or very low 
yields were obtained. Te t rahydrofuran  was purified by adding a small amoun t  of l i thium ahtnl'inum 
hydride and distilling after  5 to IO rain. Diethyl ether  was washed with ferrous sulfate, water,  aud 
distilled. 

Preparation o[ palmityl adenylale 
To 20 mg of adenylic acid dissolved in 3.5 ml of a freshly prepared 4 ° % aqueous pyridine 

solut ion ~ontaining o .1% of l i thium hydroxide was added 60 mg of palmitic anhydride in 7 ml of 
t e t rahydrofuran .  The solutions were mixed, allowed to s tand at 3o ~ for lo  min, and palmityl  
adenylate  was precipitated by  the addit ion of 5 ° ml of cold acetone. After io rain at ---~o ~', the 
mixture  was centrifuged in the cold and the supe rna tan t  solution was  discarded. The solid was 

* Suppor ted  by  a grant ,  No. 1~ 843, from the National  ins t i tu tes  of Health,  I;.S. Pulflic Health 
Service. 
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M6dicine, Alger (Alg6rie). 
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suspended in 5 ml of cold water,  N HCI was added dropwise to a p H  of about  2, and 15 ml of ether  
were added. The phases  were mixed thoroughly  for a few seconds• Palmityl  adenylate,  which 
remained insoluble, was collected by  centrifugation in the cold, and the aqueous and ether solutions 
were carefully removed. The washing was repeated once more. 

Preparation o] palmityl coenzyme A 
5 ° mg palmitic anhydr ide  in 2o ml of t e t rahydrofuran  were added to 25 mg coenzyme A in 

8.6 ml water  and 5.5 ml o.5 M potass ium bicarbonate.  The mixture  was held at 35 ° for 2o min, 
cooled in ice, and acidified to a pH of abou t  2 with N HC1. Te t rahydrofuran  was removed by 
concentrat ion in vacuo under  nitrogen at  a ba th  t empera tu re  of 35 ° or less, and the excess palmitic 
anhydride and palmitic acid were removed by extract ing 3 t imes wi th  equal volumes of ether. 
The white insoluble material  in the aqueous phase was collected by centrifugation, and washed once 
with a few ml of cold water .  

Palmityl  coenzyme A could also be synthesized from palmitic anhydride and coenzyme A in 
t e t r ahydrofuran  and aqueous pyridine Containing li thium hydroxide as described above for palmityl 
adenylate.  

Preparation o[ palrnityl glutathione 
This compound was prepared in an identical manner  as palmityl  coenzyme A. 

Tissue preparations 
Homogenates  of rat  brain and rat  liver were prepared at  o ° with 0.25 M sucrose using a 

Pot ter -Elvehjem appara tus .  The supe rna t an t  fraction of brain homogenate  was obtained by  
centrifugation at 23,000 g for 3 ° min aT. The guinea-pig-liver residue fraction was the material 
which sedimented at high speed and which was then lyophilized according to the directions of 
KORNBERG AND PRICER TM. Acetone powders  were stirred for i h at  o ° with 0.0o2 M tris buffer, 
p H  7.4, and the extracts  were clarified by centrifugation and used as indicated. When the residue 
fraction was extracted, it was  treated in a similar manner .  

RESULTS 

Properties o/ palmityl compounds 

Yield and purity. Yields were detelmined by measurement of the quanti ty of 
hydroxamic acid formed at 37 ° with hydroxylamine for 15 min, and averaged about 
50 % based on adenylic acid or coenzyme A. The yield of palmityl glutathione was 
less, usually about 35 %. By comparison of dry weight to hydroxamic acid formed, 
the purity of palmityl adenylate and palmityl coenzyme A was found to be 80 to 9 ° % 
in various preparations. No free sulfhydryl group could be detected in palmityl 
c o e n z y m e  A. 

T h e  h y d r o x a m i c  ac id  p r o d u c e d  f r o m  p r e p a r a t i o n s  of  p a l m i t y l  g l u t a t h i o n e  w a s  

m u c h  less  t h a n  e x p e c t e d •  A p r e p a r a t i o n  w h i c h  g a v e  a 50 % y i e ld  of  h y d r o x a m i c  ac id  

b y  i n c u b a t i o n  a t  37 ~ w i t h  h y d r o x y l a m i n e  w a s  i n c u b a t e d  w i t h  t h e  s a m e  q u a n t i t y  of 

h y d r o x y l a m i n e  at  I o o '  t o r  5 ra in .  As  s h o w n  in  "Fable I ,  i n c u b a t i o n  a t  t h e  h i g h e r  

T A B L E  I 

V A R I A T I O N  W I T H  T E M P E R A T U R E  OF H Y D R O X A M I C  A C I D  F O R M E D  F R O M  

P A L M I T Y L  A D E N Y L A T E  A N D  P A L M I T Y L  G L U T A T H I O N E  

Hydroxamic acid 
Palmityl  derivative 

37 ° ioo  ° 

t~mole #mole 

Palmityl  adenylate  o.68 o.65 
Palmityl glutathione o.45 o.84 

Reaction mixtures  contained the palmityl  compound  and 12oo /*moles hydroxylamine,  p H  6.% 
in t.2 ml volume. Incuba t ion  at 37 ° was for 15 rain and at  IOO ° for 5 rain. 
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t e m p e r a t u r e  gave an amoun t  of h y d r o x a m i c  acid a lmost  twice t ha t  ob t a ined  at  37 °. 
Longer  incuba t ion  a t  37 ° of p a l m i t y l  g lu ta th ione  and  h y d r o x y l a m i n e  did not  increase 
the  yield.  W i t h  pa lmi ty l  adeny la te ,  on the  o ther  hand,  the  same amoun t  of hy-  
d roxamic  acid  was formed at  the  two tempera tures .  Since it has been shown tha t  
ace t amidO 8 and  ace ty l  g lycinO 9 react  q u a n t i t a t i v e l y  wi th  hyd roxy l a mine  only  at  i oo  °, 
i t  m a y  be assumed tha t  the  pa lmi ty l  g lu ta th ione  used in the  exper iments  shown in 
Table  I was a mix tu re  of 54 % of pa lmi ty l -S-g lu ta th ione  and 46 % of pa lmi ty l -N-  
g lu ta th ione .  

Optical properties. A solut ion of pa lmi ty l  adeny la t e  at  pH 7 had an absorp t ion  
spec t rum similar  to adenyl ic  acid wi th  a m a x i m u m  at 260 m/z. The ra t io  at  this  pH of 
280:260 m/z was o.25, and  of 250:260 was 0.76. Pa lmi ty l  g lu ta th ione  showed an 
absorp t ion  peak  at  229 mt*, which is in a range charac ter i s t ic  of several  S-acyl  com- 
pounds~0,zl,1. A m a x i m u m  for p a l m i t y l  coenzyme A was exh ib i ted  only at  259 mtz. 

Stability o/ palmityl adenylate, palmityl coenzyme A, and palmityl-S-glutathione. 
The s t a b i l i t y  of these compounds  was tes ted  under  a va r ie ty  of condi t ions of tem- 
pera tu re  and pH, using as the  assay  the amoun t  of hyd roxa mic  acid  formed on incuba-  
t ion with hyd roxy l amine  at  37 °. They  are insoluble in acid and s tab le  to acid. After  
I5-min exposure  to o.I  N HC1 at  3 o°, less than  IO °'o of hydro lys i s  occurred.  At  o ° 
under  these condi t ions,  no hydrolys is  could be detected.  

In contras t ,  these der iva t ives  of pa lmi t ic  acid are labile to alkali .  After  2 min 
at  37 ° in o.I  N NaOH,  pa lmi ty l  adeny la te  was comple te ly  split.  At  p H  values closer 
to neu t ra l i ty ,  the three compounds  are far more res is tant  to hydrolysis ,  but  pa lmi ty l  
adeny la t e  is the  least  s table.  In  o.I  M Tris buffer, pH 8.8, af ter  15 min at  3 o°, the  
ex ten t  of hydro lys i s  of pa lmi ty l  adeny la t e  was 25 %, and tha t  of pa lmi ty l  coenzyme 
A and pa lmi ty l  g lu ta th ione  less than  IO %. At a pH general ly  used in metabol ic  
studies,  7.4, ob ta ined  wi th  o . i  M Tris buffer, suspension for 3o min at  37 ° caused less 
than  Io  % of hydrolys is  of any  of the three compounds.  Neut ra l  solut ions , which are 
rea l ly  tu rb id  suspensions, unless very  di lute,  have been s tored at  - -  io  ° for several  
months  wi thout  de tec tab le  a l tera t ion .  Pa lmi ty l  adeny la te  appears  to be more soluble 
than  the o ther  two compounds  at  pH 7.4. 

TABLE II 
E N Z Y M I C  H Y D R O L Y S I S  O F  P A L M I T Y L  A D E N Y L A T E ,  P A L M I T Y L  C O E N Z Y M E  A ,  

A N D  P A L M I T Y L  G L U T A T H I O N E  

Enzymic extract 
Hydrolysis ol 

palmitate adenylate palmityl coe~zyme A palmityl glutathione 

ltmoles #*mole Izmole 

None o.18 o.13 o.Io 
Rat-liver acetone powder 

(6. 5 mg protein) 1.73 - -  - -  
Rat-brain acetone powder 

(6. 7 mg protein) 2.1o 0.84 0.95 
Guinea-pig-liver residue fraction 

(6. 5 mg protein) 2.18 o.6o 0.35 

Each tube contained ~.9 itmoles of substrate, 4 °/umoles Tris buffer, pH 7.4, and extract as indicated 
in a final volume of 1.6 ml. Enzymic extracts were treated at o ° for 15 min with o. 5 vol. of Dowex-I 
chloride and then for 15 rain with io mg of Norit per ml before centrifugation. After incubation for 
3 ° rnin at 37 °, the reaction was stopped with perchloric acid and the precipitate was assayed at 37 ° 
with hydroxylamine. 
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During alkaline hydrolysis, pa lmi ty l  adenyla te  released an amoun t  of adenylic 
acid equivalent  to the decrease in hydroxamic  acid (Table III) .  

Enzymic hydrolysis o/ palmityl adenylate, palmityl coenzyme A, and palmityl gluta- 
thione. The presence of hydrolyt ic  enzymes for these compounds in extracts of rat- 
liver and ra t -bra in  acetone powders and guinea-pig residue fraction was tested. Since 
transferases may  have been present, the extracts were t reated with Dowex-i  chloride 
and with Norit  in order to remove nucleotides and minimize or prevent  transfer 
activities. Considerable hydrolyt ic  ac t iv i ty  was noted (Table II), which was much 
greater for palmityl  adenyla te  than  for the thiol esters. I t  is apparent  from this result 
tha t  palmityl  coenzyme A could not have been an in termedia te  in the spl i t t ing of 
pahni ty l  adenylate ,  even if traces of eoenzyme A remained in the extracts.  No require- 
ment  for magnesium ions was found. In  an exper iment  which is not shown here, 
addit ion of 2 /,-moles of magnes ium chloride per ml caused a decrease of 25 % in 
hydrolyt ic  activity.  

Enzvmic  hydrolysis of palmityl  coenzyme A and palmi tyl  g luta thione was accom- 
panied by an appearance of free sulfhydryl  groups which corresponded closely to the 
decrease in act ivated palmita te  measured by  the reaction with hydroxylamine  at 

37 ° (Table III) .  

T.\ I3L ['; lII 
H ' ~ ' I ) I ~ O L Y S 1 S  O F  P A L M I T X ~ ' L  C O M P O U N I ) S  \ V I T H  R E L E A S E  O F  A D E N Y L I C  A C I D ,  

C O E N Z X , ' M E  . \ ,  A N D  G L U T . \ T H I O N E  

.4ppcar, Htcc ~[ 1311 ~, 
l)ahilllyt comp~)ult,I lJttl2a! I)~appcaraltcc (~l.4qff ,lltd G.~H 

!¢,ll,dc~ /o~l,d; ',tll,J/,' 

l'ahnitvl adenvlate r .S*~ o.54 o.46 
l'a hnitvl coenzvme A o.~) i o. 39 o.4 
l'almitvl glutathione 2.52 o.$ 4 o.~) 

l ' a lmi tv l  adcnvlate was incubated with 4 °/¢moles of Tris buffer, pH S.,% at 50 for 5 rain. l)ahnitvl 
coonz\'mc .\ and pahnityl glutathi(me were incubated with an extract of rat-liver acetone powder 
c retaining 2.57 mg protein, treated as described hi Table II, 4 °/ ,m ties Tris butler, pH 7.4, at 37 ~ 
for 3 ° n;in. "l'h~" final \olume wa~ I ml. For stflfh\'dr\'l assay, the reaction wns stopped with meta- 
phosplaoric acid. l"or hvdroxanfic acid assay, pe~'chloric acid was used. 

Tran.s/er reactions 

FormatioJl o~ palmityl coeuzyme A amt A TP ~tom p~rlmityl adenylate. Palmityl  
transfer from palmityl  adenylate  to coenzyme A was measured using the disappearance 
of free sulfhydryl  groups as the assay procedure n.  The results obta ined with a number  
of tissues and extracts  are shown in Table IV. Since hydrolases for palmi tyl  coenzyme 
A are present,  the ~:alues are m i n i m u m  values. The guinea-pig-liver residue fraction 
was found to be active not only for the ac t iva t ion  of palmi ta te  with ATP and coen- 
zvme A as shown by  KORNBERG AND PRICER 1°, bu t  active also in the formation of 
pahni ty l  coenzyme A from palmi ty l  adenyla te  and  coenzyme A. The rate of the lat ter  
reaction was twice as great as the rate of the act ivat ion reaction from palmitate ,  
XI 'P,  and coenzyme A, in contrast  with the results obta ined by  WHITEHOUSE el al. 
with octanoate  22. This may,  however, be due to the lower solubil i ty of palmitate  
compared to palmi tyl  adenylate.  When  ATP was replaced by  AMP, palmi ta te  was 
not act ivated.  Ext rac t ion  of the guinea-pig residue fraction followed by  dialysis oI 

Re[ereJzces p. 269. 



VOL. 2 9  (1958) PALMITYL ADENYLATE etc. 267 

TABLE IV 
FORMATION OF PALMITyL COENZYME A FROM FALMITYL AI)ENYLATE 

Enzyme Substrate Incubation 
time 

Coen~yme A 

Initial Disappearance 

rain. I~mole t~mole 
None Palmityl adenylate 3 ° o.175 0.005 
Guinea-pig-liver 

residue fraction (2 mg) Palmityl adenylate 3 o.16o o.o45 
Guinea-pig-liver 

residue fraction (z mg) Palmityl adenylate io o.16o 0.07o 
Guinea-pig-liver 

residue fraction (2 rag) Palmityl adenylate 3 ° o.16o O.lO 5 
Guinea-pig-liver 

residue fraction (2 mg) Palmitate + ATP io o.185 0.033 
Guinea-pig-liver 

residue fraction (2 mg) Palmitate + AMP io o.I91 0.o06 
Guinea-pig-liver 

residue fraction (9 mg) Palmityl adenylate 15 0.232 o.195 
Dialyzed extract of guinea-pig- 

liver residue fraction (9 r a g )  Palmityl adenylate 15 o. 197 o.o19 
io % rat-liver homogenate (I ml) Palmityl adenylate 20 0.360 o.135 
lO% rat-brain homogenate (i ml) Palmityl adenylate 20 o.212 o.o12 
Supernatant of lO% rat-brain 

homogenate (1. 4 ml) Palmityl adenylate 20 o.212 0.077 
Rat-liver acetone-powder extract 

(i.i mg protein) Palmityl adenylate 3 ° o.175 0.022 
Rat-brain acetone-powder extract 

(4.7 mg protein) Palmityl adenylate 3 ° o.195 o.ooo 

Each tube contained 4 ° /tmoles Tris buffer, pH 7.6, 4 /*moles MgCI~, 4 /zmoles of substrate, and 
coenzyme A and tissue preparations as indicated in a final volume of 2 ml. The reaction was stopped 
with metaphosphoric acid. Corrections were made for enzymic oxidation of coenzyme A in absence 
of substrate. 

the extract  against  o.oo2 M tris buffer, pH 7.6, for 16 h at 0 ° caused almost complete 
loss of transferase activity.  

Act iv i ty  was also observed in rat  liver and  in rat  brain. Format ion  of pa lmi ty l  
coenzyme A from palmityl  adenyla te  and coenzyme A was detected in a whole-liver 
homogenate,  bu t  not  in a whole-brain homogenate.  The superna tan t  fraction ob- 
ta ined by  centr i fugat ion of bra in  homogenate  at 23,000 g, however, conta ined con- 
siderable act ivi ty.  This s i tuat ion in rat  bra in  is identical to tha t  noted for the activa- 
t ion of palmit ic  acid by  ATP and coenzyme A 23, and may  be due to the presence in 
whole ra t -bra in  homogenate  of acceptors for the generated palmi tyl  coenzyme A, with 
subsequent  release of the coenzyme. Acetone-powder extracts of rat liver and rat  
brain  had li t t le or no act ivi ty.  

The formation of ATP from palmityl  adenylate  and pyrophosphate  could also be 
demonstra ted.  Wi th  an extract  of guinea-pig residue fraction, a small bu t  significant 
increase in ATP was found when palmi tyl  adenylate  was added to the pyrophosphate-  
containing medium (Table V). 

Conversion o / p a l m i t y l  adenylate and palmi ty l  coenzyme A to palmi ty l  glutathione. 
The transfer of palmi tyl  from adenylate  and  coenzyme A was tested convenient ly  
with l~C-glutathione by  determining the amoun t  of radioact ivi ty  in the perchloric 
acid-insoluble mater ial  obta ined after incubat ion.  In  Table VI, it is shown that  a 
low but  measurable  q u a n t i t y  of palmi tyl  g luta thione was formed from either pa lmi ty l  
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T A B L E  V 

FORMATION OF ATP FROM PALMITYL ADIgNYLATE AND PYROPHOSPHATE 

Enzyme Palmityl adenylate added A T P  Formed 

~mole l~mole 

+ o.oo o.oo3 
+ o.2o O.Ol 7 

- -  0.20 o.ooo 

Each tube contained 4 ° #moles Tris buffer, p H  7.6, 4 #moles MgCI~, ioo#moles  NaF,  4 #moles  
sodium pyrophosphate ,  palmityl  adenylate  and an ext rac t  of guinea pig-residue fract ion containing 
0. 5 mg protein as indicated in a final volume of 2 ml. The extract  was previously t rea ted  at  o ° for 
3 ° min with o. 5 volume of Dowex-i  chloride. Incuba t ion  was carried out  at  3 °0 for 3 ° min. The 
reaction was s topped with acid, and an aliquot of t h e  supe rna tan t  obtained by  centr i fugat ion was 
neutralized and assayed for ATP according to KORNBERG TM. 

T A B L E  VI 

TRANSFER OF PALMITYL FROM PALMITYL ADENYLATE AND PALMITYL 
COENZYME A TO PALMITYL GLUTATHIONE 

Palmityl derivative 
Rad;oactivity in at, id-insoluble maCerial 

witk enzyme no emyme 

counts/rain counts ,lmin 

Palmityl  adenylate,  1.85 #moles 254 o 
Palmityl  coenzyme A, 0.9 #mole 204 2 

Each tube  contained 4 ° #moles  Tris buffer, p H  7-4, 2 #moles  MgC1 v o.17 #moles 14C-glutathione 
(8,2oo counts /min  total  radioactivity),  palmityl  derivative, and 2 mg of guinea-pig-liver residue 
fraction as indicated in a final volume of 1.o 5 ml. After incubat ion  for 15 min at  37 °, pMmityl 
derivatives were precipi tated and washed 3 t imes  wi th  3.5 % perchloric acid. The radioactivi ty 
at zero t ime was 56 counts / ra in  and has been subt rac ted  from the values shown. 

adenylate or palmityl coenzyme A. It may be calculated that this amount, which was 
approximately the same whether the adenylate or coenzyme A derivative was used, 
was only one-twentieth as much as the amount of palmityl coenzyme A formed from 
palmityl adenylate and coenzyme A under the same conditions of incubation. Since 
traces of coenzyme A might have been present in the enzyme mixture, transfer to 
glutathione in this experiment may have proceeded from palmityl adenylate to gluta- 
thione via coenzyme A. No attempts were made to determine whether the product was 
the thiol ester or the amide, because very small amounts ot palmityl glutathione were 
synthesized in the enzymic reactions. 

Several attempts were made to determine whether palmityl glutathione and 
coenzyme A could react to give palmityl coenzyme A and glutathione, but no evidence 
for such a reaction in the tissues tested was obtained. 

DISCUSSION 

A procedure for the preparation, not only of palmityl coenzyme A, but of palmityl 
adenylate has been developed for several reasons. A source of palmityl coenzyme A 
which might be enzymically generated would allow the use of smaller quantities of 
the less readily obtainable coenzyme A. Data presented here indicate that transferase 
activity is present in guinea-pig liver, rat liver, and rat brain. The usefulness of palmityl 
adenylate as a source of palmityl coenzyme A is limited, however, because these 
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tissues contain enzymes which are highly active in splitting palmityl adenylate. 
Separation of the transferase and hydrolase activities will be necessary before palmityl 
adenylate can serve adequately for this purpose. It  is of interest to note that the 
transferase and hydrolase enzymes are apparently different proteins because hydrolase 
activity is present in extracts of acetone powder preparations and in extracts of 
guinea-pig-liver residue fraction, but transferase activity is almost completely lost 
after these treatments. 

A second reason for the preparation of palmityl adenylate was to test whether 
reactions which have been shown to occur with short-chain compounds may be demon- 
strated for the long-chain substances. As would be expected, similar reactions take 
place. Not only does palmityl transfer from adenylate to coenzyme A occur, but a 
formation of ATP from palmityl adenylate and pyrophosphate can be detected. The 
rate of palmityl transfer from adenylate to coenzyme A was rapid, but transfer to 
glutathione was far slower. This is of interest in view of the possible physiological role 
of the transfer reaction. 

The identity in metabolic behavior of the long-chain to the short-chain fatty 
acid derivatives is further emphasized by the finding that a relatively active hydrolytic 
activity is present in several tissues for palmityl-S-glutathione. This extends the 
demonstration of KIELLEY AND BRADLEY 24 concerning thiolesterase activity of mouse 
liver for acetyl and butyryl glutathione. 

SUMMARY 

Procedures for the prepara t ion  of palmityl  adenylate, palmityl  coenzyme A, and palmityl  gluta- 
thione have been described. The stabil i ty of these compounds  under  different p H  conditions has 
been investigated. Hydroly t ic  activities for each of the palmityl  derivatives were demonst ra ted  in 
several t issue extracts .  Palmityl  t ransferase activities f rom palmityl  adenylate to coenzyme A and 
to glutathione were shown, and ATP formation by guinea-pig liver was detected from palmityl  
adenylate  and pyrophospha te .  
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