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OF a - G L Y C E R O P H O S P H A T E  A N D  P A L M I T Y L  C O E N Z Y M E  A* 

by  
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The key role of Coenzyme A in biosyntheses has recently been emphasized 1. That  
it is destined to participate in the synthesis of phospholipids seems certain*, 3. Indeed, 
at the substrate level, a function for it has been clearly delineated in the esterification 
of a-glycerophosphate by long chain fa t ty  acids by means of their acyl CoA deriva- 
tives*. The product, diacyl phosphatidic acid, may well be the precursor of the more 
complex phospholipids 2, possibly even of neutral fat. Because of its potential im- 
portance, a simplified assay has been developed which should accelerate studies on 
the properties and distribution of the condensing enzyme and its significance in lipid 
metabolism. 

MATERIALS AND METHODS 

Palmityl CoA was prepared  enzymica l ly  according to KORN,BERG AND PRICER 5, wi th  minor  
modif ica t ions .  For  example ,  p h o s p h a t e  was replaced wi th  glycylglycine,  resu l t ing  in an  increased 
yield. Af ter  processing,  t he  bu lk  of the  so lvents  (isopropanol and  pyridine)  was  r emoved  by  
evapo ra t i on  unde r  reduced  pressure ,  and  the  concen t ra te  d i lu ted  wi th  wate r  and  lyophilized. 
The  res idue  was  t a k e n  up  in h e x a n e  or pe t ro l eum ether,  in which  it is insoluble b u t  readi ly  dis- 
persed  a n d  t r ans fe r red  to a cent r i fuge  t ube  where  the  h e x a n e  was r emoved  and  t he  res idue t aken  
up  in a smal l  a m o u n t  of wa te r  and  neutral ized.  The  solut ion was  t h e n  repea ted ly  ex t r ac t ed  wi th  
e the r  to r emove  residual  pyr id ine  since this  subs t ance  interferes  wi th  t he  assay.  E x t r a c t i o n  was  
cons idered  comple te  when  absorp t ion  a t  260 m/~ was irreducible. The  solut ion was t h e n  a s sayed  
by  t he  h y d r o x a m i c  acid m e t h o d  5 and  di lu ted  to 2. 5 #g  per  ml. Al ternat ively ,  a p rocedure  based  
on t he  optical  dens i ty  a t  26o m/~ of an  a l iquot  before and  af ter  acidification was  also occasional ly  
ut i l ized for a s say  purposes .  Rad ioac t ive  pa lmi ty l  CoA was s imilar ly  prepared  f rom palmi t ic  acid 
con ta in ing  14C carboxyl  carbon.  

a-Glycerophosphate (aGP) was  a commerc ia l  p repara t ion**  con ta in ing  9 7 %  a- and 3 %  fl- 
g lycerophospha te ,  conf i rmed by  analysis .  

The  phospha t id ic  acid syn thes iz ing  e n z y m e  was  prepared  according to KORNBERG AND 
PRICER 4. 

EXPERIMENTAL 

Measurement of enzymic condensation was based on the difference in the amount 
of palmityl CoA which disappeared in the presence and absence of aGP. The latter 
was assumed to be due to enzymic hydrolysis of palmityl CoA. The additional dis- 
appearance in the presence of aGP  was assumed to be due to the formation of 

* Suppor ted  in pa r t  by  Ins t i t u t iona l  Gran t s  f rom the  Amer i can  Cancer  Society, Inc. ,  t h e  
Amer i can  Cancer  Society, Sou theas t e rn  Michigan Division,  and  the  Elsa  U. Pardee  F o u n d a t i o n .  
A persona l  g r a n t  f rom t he  Helen  H a y  W h i t n e y  F o u n d a t i o n  is also gra tefu l ly  acknowledged.  

** "Sod ium a -g lyce rophospha te  (98 % alpha)" ,  E a s t e r n  Chemical  Corporat ion,  34 Spr ing  Street ,  
Newark  2, New Jersey.  
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phosphatidic acid. PIoth (,f these assumt)tions were suhstant ia tcd  bv direct ;:tnd 
indirect evidence. 

The disappearance of pahni tyl  CoA was initialh" measured hv determining th,' 
remain ing  acyl ('oA as hydroxamic acid. This is a useful t)rocedurc though tedious. 
relat ively insensitive,  and subject to considerable manipula t ive  error. 

The acid-insoluble na ture  of t)almityl CoA suggested an a l ternat ive  device based 
on the absorpt ion at ebo m/, of the enzymic reaction inixturc following precipitat ion 
of enzyme and residual palmityl  CoA with t)erchloric acid. The absorption at z(~o rot, 
under  these circumstances is due to the (:oA l iberated in the course of the reaction 
and is, therefore, a measure of the amount  of palmi tyl  ('oA utilized. With or without 
a( iP ,  straight line relat ionships are obtained with enzyme concentrat ion and with 
t ime under  the condit ions to be described. 

A cogent advantage  of this assay, aside from convenience and suital:)ility for 
rout ine use, is that  the amount  of pahn i ty l  CoA required per assay is less than one- 
tenth  of that  required for the hydroxamic acid method.  This follows from a con- 
sideration of the iuolar ext inct ion of CoA on one hand  and the iron complex of 
t )almitohydroxamic acid on the other. For a I cm light path, the former is considered 
to be about  10,8386 whereas the lat ter  is about  Iooo ~. 

Final  condit ions for routine assay were as follows: o.o 5 /,3l t)ahnityl ('oA. 
5.o i ,3[ glycylglycine (pH 7.5), I .o /*M glutathione,  a and - 5.o tL31 d/-c,(;P and 
enzyme were added together in a total  volume of o.1 ml. After incul)ation, usual ly 
15 minntes  at 25:' (', the reaction was stopped by the addi t ion of 0. 9 ml of 3% 
perchloric acid, precipi tat ing enzyme and residual pa lmi tyl  ('oA. Following cen- 
t r i fugation,  the superna tan t  was transferred to a cuvet tc  and its absorbance at 
26o m v. determined against  a blank consisting, preferably, of all components  including 
acid-denatured enzyme. It is to be noted that  the change in optical densi ty which 
occurs as the reaction proceeds is a positive or increasing one in contrast  to the 
hvdroxamic acid method.  The difference in optical densi ty  between parallel  samples 
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with and without  a ( ; P  is a measure of the con- 
densat ion product  formed. 

As already pointed out, the assay is indirect.  

Fig. 1. Effect of pH on hydrolysis 
( aGP) of pahnityl CoA and on syn- 
thesis ( t tzGP) of phosphatidic acid. 
Each tube contained per o.I ml, o.o 5 
1~31 palmityl CoA, 5 f ~3I glycylglycine 
o{ appropriate pH, i.-, ing enzyme and. 
in one series, 5 1~ M aGP of appropri- 
ate pH. Incubation, 20 minutes at x 5 
A optical density 260 m/~ signifies the 
difference in optical density of parallel 

samples with and without (tGI'. 

measuring the extra disappearance of one of the 
reactants  as influenced by a( iP .  Since it wits 

conceivable that  the a ( i P  could merely have 
s t imula ted  the hydrolysis of pa |mityl  ('oA, it 
was necessary to validate our assumption that 
this addi t ional  disapt)earance was in fact dm 
to a different reaction. 

Two lines of indirect evidence supported 
such an assumption.  One was the str ikingly 
different pH maxima,  i l lustrated in Fig. r, of 
the reactions occurring in the presence and 
absence of ct(iP, indicat ing that  the two reac- 
t ions were qual i ta t ive ly  different. The opt imum 
pH for hydrolysis of pa lmi ty l  CoA was 8.75 
whereas tha t  of phosphatidic acid formation was 

about  7-5. 
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Another line of indirect evidence was the specific stimulating effect of sulfhydryl 
compounds such as glutathione or cysteine on the reaction involving a GP, amounting 
to a further 50% disappearance of palmityl  CoA, and again indicating a qualitative 
difference between the two reactions. 

Direct evidence for the formation of a new product arising from palmityl CoA 
and aGP  was sought by paper chromatography using radioactive palmityl CoA as 
condensing partner. 

Through the generosity of Dr. ERICH BAER of the University of Toronto, a 
sample of synthetic a-dipalmityl phosphatidic acid was obtained as a standard of 
reference for chromatography. Two systems were found which, though not ideal for 
dipalmityl phosphatidic acid, were nevertheless adequate in establishing the existence 
of a new product and suggesting its nature. 

System A (ter-butanol 7 ml, methanol 3 ml, formic acid 0.2 ml and picric acid 
lOO mg) caused dipalmityl phosphatidic acid to move as a discrete spot closely behind 
the picric acid front, which did not necessarily coincide with the solvent front. The 
degree of departure from coincidence appeared to be a function of picric acid concen- 
tration. Above IOO mg, the two fronts coincided. System B (ethyl acetate 60 ml, 
formamide 4o ml and pyridine IO ml) failed to move the spot from its origin but 
did not cause streaking. 

Radioactive phosphatidic acid was prepared as indicated in item 3 of Table I. 
The pilot runs (items I and 2) showed that  a GP was responsible for the utilization 
of 63 % of the palmityl CoA which disappeared. By extrapolation, about 0.35 t,M 
of palmityl  CoA was utilized in the preparative run for the synthesis of o.18 t~M of 
dipalmityl phosphatidic acid. I tems 4 and 5 were controls in which no phosphatidic 
acid was expected. 

T A B L E  I 

SYNTHESIS OF RADIOACTIVE PHOSPHATIDIC ACID 

Component Concn. 
ml in tube* 

• 2 3 4 5 

P a l m i t y l  CoA 14C 9.2 I t M / m l  0.005 0.005 0.05 0.05 0.05 
G l y c y l g l y c i n e ,  p H  7.5 0. 5 M o .o i  o .o i  o. t o. i o. i 
G l u t a t h i o n e  o. t M o .o i  o .o i  o. r o. l o. i 
d / - a G I '  0.2 M 0.02 ---  o.2 - -  o.-, 
E n z y m e  3 ° m g / m l  0.04 0.04 0. 4 0. 4 0. 4 * * 

* T u b e s  i a n d  2 r e p r e s e n t  a p i lo t  r u n  to  d e t e r m i n e  t h e  r e a c t i v i t y  of t h e  r a d i o a c t i v e  p a l m i t y l  
CoA.  T h e y  w e r e  m a d e  u p  to  o . i  ml ,  i n c u b a t e d  for  15 m i n  a t  25 ° C a n d  t h e n  d i l u t e d  to  I m l  w i t h  
3 % HC104  for  d e t e r m i n a t i o n  of a b s o r p t i o n  a t  260 m/2 (O.D.  26o = o.808 a n d  0 .3o  3 r e s p e c t i v e l y ) .  

T u b e s  3, 4 a n d  5 w e r e  p r e p a r a t i v e  r u n s  for  c h r o m a t o g r a p h y .  T h e y  w e r e  m a d e  u p  to  i ml ,  
i n c u b a t e d  for  15 m i n  a t  25 ° C a n d  t h e n  t r e a t e d  w i t h  0.2 m l  of  6 0 %  HC104.  A f t e r  c e n t r i f u g a t i o n ,  
t h e  r e s i due  w a s  w a s h e d  3 t i m e s  w i t h  2 m l  of 3.5 % HC104.  T h e  w a s h e d  r e s i d u e  w a s  e x t r a c t e d  
3 t i m e s  w i t h  i m l  of a l c o h o l - e t h e r  (3 to  i) a n d  t h e  c o m b i n e d  e x t r a c t s  e v a p o r a t e d  to  d r y n e s s .  
T h e  r e s u l t i n g  m a t e r i a l  w a s  e x t r a c t e d  t w i c e  w i t h  i m l  of  e the r ,  t h e  e x t r a c t  e v a p o r a t e d  to  d r y n e s s  
a n d  t h e  r e s u l t i n g  r e s idue  t a k e n  u p  in o . i  m l  a b s o l u t e  a lcoho l  for  c h r o m a t o g r a p h y .  

** Boi led  e n z y m e .  

Radioactive products anticipated in sample 3 were phosphatidic acid and 
palmitic acid. Sample 4 was expected to have only radioactive palmitic acid. Sample 
5 would be expected to have some palmitic acid (which occurred as a contaminant  
of palmityl CoA) but no phosphatidic acid. 

Re/erences  p. 4z5 .  
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Due to the manner  in which the above preparat ions  were processed (see Table I) 
all samples tu rned  out to be free of pa lmi ty l  CoA (as determined by chromatography) 
and, as discussed below, only sample 3 contained a substance c~wresponding to 
d ipa lmi ty l  phosphat idic  acid. 

Fig. 2 shows the results of the chromatography of sample 3 (the complete 
phosphat ide-synthesizing system) together  with tha t  of pa lmi ty l  CoA and pahnit ic  
acid. I t  is evident  tha t  area a of sample 3 represents a substance which is nei ther  
palmi tyl  CoA nor palmit ic  acid. I ts  exact coincidence with synthet ic  phosphatidic 
acid suggests its iden t i ty  with this substance.  

Gounts 
/ rain. 

I 

IOOO ~ ePalmityl C0A 

tl O Somple 3 ToNe I 

5000 - ~  

0 I0 20 30 
Ore, from Oriqir~ 

Fig. 2. Paper radio-chromatography in solvent 
system A (see text), io ~. of sample 3, Table I, 
4 ~ (o-o4/~M) of radiopalmityl CoA and 2o ), 
(o.o 4 I,M) of radiopahnitic acid were respec- 
tively spotted on each of 3 Whatman No. 4 
filter paper strips together with 4 ). (o.o8 ILM) 
of synthetic phosphatidic acid. After overnight 
development, the strips were airdried, sprayed 
with HANES-ISHERWOOD reagent 7 and irradi- 
ated while still moist with ultraviolet light s to 
hydrolyze the phosphatidic acid and visibilize 
the resulting orthophosphate. Radioactive 
chromatograms were cut into I ~ 1.9 cm for 

Counts 
/ rain. 

15OO o 

1 0 0 0  

500 

O 
Cm. from Origin 

Fig. 3. Paper raclio-chromatography in solvent 
system B. Samples 3, 4 and 5 (Table 1) were 
respectively spotted on each of 3 paper strips 
together with 4 ~ (o.o8 ltM) of dipahnityl 
phosphatidic acid which in each case remained 

at the origin in coincidence with Area a. 

counting. The dipalmityl phosphatidic acid spot (R F = 0.77 ) coincided with a. Area b coincided 
with palmitic acid (RF -- o.97)- Some contaminating palmitic acid is apparent in pahnityl Co\ 

(RE -- o.t or less); a -- 1412 c.p.m, and b - -  9 2 8  c.p.m. 

Because of the proximity  of phosphat idic  acid to palmit ic  acid in system A, 
system B was invoked to provide a wider separat ion of these two substances. In this 
system, d ipalmi ty l  phosphatidic acid remained discretely at the origin whereas 
palmit ic  acid moved with the solvent front. The results for samples 3, 4 and 5 are 
shown in Fig. 3. 

I t  is apparent  tha t  sample 4 (without aGP) and sample 5 (boiled enzyme) show 
radioact iv i ty  corresponding to palmit ic  acid only. Neither of these controls show 
radioact iv i ty  at the origin, the seat of d ipalmityl  phosphatidic acid, or elsewhere. 
On the other hand,  curve 3 (from sample 3) shows tha t  the bulk  of the radioact iv i ty  
remained sharply at the origin of the chromatograph,  coincident with the synthet ic  
phosphatidic acid. Addi t ional  radioact iv i ty  was observed at the solvent front, corre- 
sponding, as in system A, to palmit ic  acid. Unexpectedly  revealed were what  appeared 
to be a series of minor  products  representing a significant proport ion of the total  
radioact ivi ty .  Their  na ture  was not  investigated.  

Re[ere~lces p. 415. 
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S U M M A R Y  

I. A s imple  and  conven ien t  a s say  is described for following t he  enzymic  condensa t i on  of 
a -g lyce rophospha te  and  pa lmi ty l  CoA, based  on the  absorp t ion  a t  260 m #  of the  CoA l ibera ted  
dur ing  the  reaction.  

2. The  condensa t ion  reac t ion  is readi ly  d i s t ingu ished  f rom the  enzymic  hydro lys i s  of pa lmi ty l  
CoA by  i ts  p H  m a x i m a  and  its s t imu la t i on  b y  g lu t a th ione  or cysteine.  

3. A s t u d y  of the  paper  c h r o m a t o g r a p h y  of the  p roduc t s  of the  condensa t ion  react ion 
revealed t he  ma jo r  p roduc t  to be a subs t ance  wi th  the  proper t ies  of d ipa lmi ty l  phospha t id ic  acid. 

Rt~SUM]~ 

i.  Les  au t eu r s  d4cr ivent  une  t echn ique  s imple  et commode ,  qui  pe rme t  de su ivre  la conden-  
sa t ion  e n z y m a t i q u e  de l ' a -g lyc4rophospha te  et  du pa lmi ty l  CoA. Cet te  t echn ique  est  fond6e sur  
l ' absorp t ion  ~ 260 m/* du CoA lib4r4 au cours  de la r4action. 

2. La  r6act ion de condensa t ion  se d i s t ingue  a i s6ment  de l ' hydro lyse  e n z y m a t i q u e  du  pa lmi ty l  
CoA par  son p H  o p t i m u m  et pa r  son  ac t iva t ion  pa r  le g lu t a th ion  ou la cyst4ine.  

3. Une  4tude pa r  ch roma tog raph ie  sur  papier  des p rodu i t s  de la r6act ion de condensa t ion  
m o n t r e  que  le p rodu i t  pr incipal  es t  une  subs t ance  qui  a l e s  propri6t4s de l 'acide d ipa lmi ty l  
phospha t id ique .  

Z U S A M M E N F A S S U N G  

i. Eine  e infache u n d  p rak t i sche  Methode  ffir die Kont ro l le  der  e n z y m a t i s c h e n  K o n d e n s a t i o n  
w m  ~-Glyze rophospha t  u n d  Pa lmi ty l -CoA wird beschr ieben;  die g e n a n n t e  Methode  b e r u h t  auf  
der Absorp t ion  bei 26o m/z des wAhrend der  Reak t ion  befrei ten CoA. 

2. Die K o n d e n s a t i o n s r e a k t i o n  un te r sche ide t  sich sehr  leicht  du rch  ihren  m a x i m a l e n  pH-  
Wert ,  sowie du rch  ihre m i t  G lu ta th ion  oder Cyste in  he rvorgerufene  Steigerung,  yon  der  enzy-  
m a t i s c h e n  Hydro ly se  des Pa lmi ty l -CoA.  

3. Durch  das  ch roma tog raph i sche  S t u d i u m  der  P r o d u k t e  der K o n d e n s a t i o n s r e a k t i o n  k o n n t e  
festgestel l t  werden,  dass  das  H a u p t p r o d u k t  yon  einer Subs t anz  darges te l l t  wird, welche die 
E igenscha f t en  der D ipa lmi ty lphospha t i d s~u re  aufweist .  
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