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The production of a2P-labeled mitochondrial nucleotides 

\Vhile s tudying the role ol .VI'P* in the regulation ()f nlit()chondrial pathx~ays 1.e, it was con- 
sidered desirable to obtain information concerning the various nucleotides in is(dated mitochon- 
dria, as well as to s tudy the incorporation of a2I) into these fractions. Since thv particles were to 
be used in exper iments  concerning oxidative phosphorylat ion,  it was necessary t,) devise a method 
of labeling the intramitochon/lrial  nucleotides wlnich did not necessitate any meth,)dological deriva- 
tion from the techniques of preparat ion routinely employed in these studies. This n(~te describes 
such a technique a n d  presents  sonle related data  on the rate of exchange be twee i1  a2[) a n d  h o n n ) -  

genate organic phosphorus ,  and the identification of certain of the mit(~chondrial components .  
Individual  rats  were sacrificed by decapitation, the livers removed rapidly and minced in 

cold 0.2 5 ,'11 sucrose. The mince was washed with sucrose and Immogenized in -'5 ml ,4" 0.2 5 3I  
containing o.2 ml of carrier free Haa~t'O 4 (1o mc/ml) 
using a Pot ter-Elvehjem type honmgenizer with a teflon 
pestle. The hnmogenates  were then diluted to approxi- 
mate ly  [ 2 5 ml with cold o.,,5 .,ll sucrose and centrifuged 
at 16oo g ( Internat ional  Refrigerated Centrifuge, Model 
PRI, Head No. 84o ) for Io minutes.  The supernate  was 
then decanted and centrifuged for 15 minutes  at 4zoo ~, 
(5ooo r.p.m.) at o°C. The resulting pellet was washed 
twice with cold sucrose. Prior to the last washing, three 
pellets were combined to provide sufficient material  for 
chromatographic  analysis and centrifuged for 15 minutes. 
The final pellet contained mitochondria  capable of car- 
rying on efficient succinate linked oxidative phosphory-  
lation. Phosphoryla t ion  was determined according to a 
modification a, 4 of the MAR'HN AND DOTY method s. 

The rate of exchange between a2p and organic P in 
homogenates  at ~-4 C is shown in Fig. I. Also shown 
is the incorporation of aep into the 7 minute  hydro- 
lyzable phosphate .  Zero t ime coincides with the initia- 
tion of homogenization. Following a th i r ty  second homo- 
genization, the suspension was swirled in an ice bath, 
and aliquots periodically removed for the determinat ion 
of phosphorylat ion.  I t  is seen from Fig. ~ tha t  a rapid 
exchange, which approaches an asympto te  at o minutes, 
occurs between inorganic a'zp and organic a2p. The 
exchange into the 7 minute  labile fraction parallels 
this and remains fairly cons tant  over the 2o minute  
period shown. 

The chromatographic  separat ion of acid-soluble nucle- 
()tides was based on the method of HURLBERT et aI. 6. 
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Fig I. The incorporat ion of carr ier free 
a2p into total  organic and 7 minute  
hydrolyzable  organic phosphorus  frac- 
t ions of ra t  liver homogenates  at o"C. 
- - O - - O - -  -- inorganic 3'ap, - O -  O -  
-- to ta l  organic  aep, - - - l - - I - - :  7 
minute  hydrolyzable organic 32p. Zero 
time corresponds to initiation of 

homogenization.  

The final mitochondrial  suspension was fixed with an equal volume of IO O~ "FCA. During chroma- 
t og raphy  5 ml samples were collected each 15 minutes  and E260 and radioactivi ty determined. 
The extinction was read in a Beckman DU spec t rophotometer  and radioactivi ty determined in 
the sl ightly modified appa ra tus  described by LINDBERG AND ERNSTERL 

Fig. 2 presents  the superimposed radioact ivi ty and E=60 readings for each 5 ml fraction. The 
bases for naming  the various fractions are, ( i ) the order and magni tude of appearance of the vari- 
ous nucleotides as compared with those for whole liver reported by HURLBERT et al. 6, (z) the 
characteristic ul t ra  violet absorpt ion curves s, and (3) behavior  in paper  chromatography  using the 
solvent sys tems ()f ZETTERSTROM AND LJUNGGREN ~ (solvent 1, i sobu t y r i c  acid-ammonia) and 
MARKHAM AND SMITH TM (solvent II ,  propanol-ammoifiuna sulfate). 

Fraction I in Fig. 2 corresponds to CMP regarding its elution position from the Dowex 
column, but  not  when cbromatographed  on paper  using solvent sys tems I and II .  The ul tra  violet 
absorpt ion spectrum of fraction i does not correspond to CMP and this fraction is as yet uniden- 
tified. Fract ion I I  corresponds to the D P N  positinn from the column as well as in solvent sys tems 

*The  following abbreviat ions will be used: ATI?, adenosinetr iphosphate;  ADP, adenosine- 
d iphosphate ;  AMP, adenos inemonophosphate ;  UTP, ur idinet r iphosphate ;  UDP, uridinediphos- 
phate  ; UDP-X a, ca rbohydra te  derivative of UDP ; UMP, ur id inemonophosphate  ; UM-5-P, uridine- 
5 ' -monophospha te ;  CMP, cyt id inemonophosphate ;  ITP, inosinetr iphosphate;  GTP, guanosine- 
t r iphosphate ;  DPN,  diphosphopyridine nucleotide; FAD, flavin-adenine dinucleotide; FMN, 
flavin mononucleotide;  TCA, trichloroacetic acid: F-A, formic acid: :\-I g, ammonium formate:  
Y.e60, extinction at _,6o m[,. 
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Fig. 2. E~60 and radioactivi ty E~eo, - . . . . .  radioactivity) values of chromato-  
graphic fractions of TCA-soluble fraction of rat  liver mitochondria  prepared with H33~PO 4. The 

radioactivi ty scale represents the number  of counts /minute / IS  microliters. 

I and II .  Spraying with I N NaCN results in a flourescent spot. Fract ion I n  parallels AM-5-P 
from the column and in sys tems I and II .  The ultra violet curve is identical to AMP. I t  may  be seen 
tha t  a small amoun t  of activity which, incidentally, travels with the ul tra  violet quenching spot  
on paper,  is present  in this fraction. Fract ion IV has been identified as inorganic or thophosphate  
in solvents I and II .  The magni tude of this fraction might  well be due to a rup ture  of labile phos-  
phate  bonds during the TCA extraction procedure. Fract ion V is as yet unidentified. Fract ion VI  
corresponds to UM-5-P regarding column position, solvents I and I I  and the characteristic ul t ra  
violet absorpt ion curve. The position of elution f rom the Dowex column, movement  in solvent 
sys tems I and II ,  and the characteristic absorpt ion curve all identify fraction V I I  as ADP. The 
activity of this fraction does not  separate from the quenching spot  during paper  chromatography.  
Fract ion VI I I ,  which was originally though t  to be FAD because of its intense yellow fluorescence, 
does not  exhibit  the typical absorpt ion peaks of FAD and FMN at  37 ° and 45 ° m#  for FAD and 
FMN and does not  correspond to either in solvent system I. This fraction is as yet  unidentified. 
Fract ion I X  has not  been identified, nor has fraction X. Fract ion XI,  which is of interest  because 
of its magni tude  in mitochondrial  preparations,  corresponds to U D P  or UDP-X 3 as to its column 
elution position. The absorpt ion curve, however, is not  typical of UDP, having a ~ min. point  at 
243 m#  and a ~ max. point  at  258 m#  at p H  2. In  solvent sys tem I I  this fraction separates into 
two components ,  one an ul t ra  violet quenching spot  and the other, immobile, exhibit ing a white- 
yellow fluorescence. The fluorescent spot, when eluted, does not  correspond to a flavin compound 
when its absorpt ion spect rum is examined. When  eluted, the quenching spot ' s  absorpt ion spect rum 
resembles those of the adenine and uridine bases at pH 2. However, upon hydrolysis in I N acid 
for I hour  at Ioo°C and subsequent  chromatography  in systems I and II, this compound corre- 
sponds to none of the monophospha tes  of adenine, uridine, or cytidine. Nor does this compound 
have the characteristic movement  of ITP  in these solvent systems. Prior to the separat ion of the 
two components  of fraction XI  by  paper  chromatography,  and upon hydrolysis, one ul tra  violet 
quenching spot  is observed near the moving front  while AMP, UMP and CMP remain near the 
base of the paper  in solvent system I. In  solvent sys tem II, the same hydrolysate  results in two 
spots, one jus t  below AMP, and one jus t  above AMP between the latter and UMP. When the 
hydrolysate  of the ul t ra  violet quenching component  is chromatographed in sys tem II,  one spot  
is observed above CMP, the nucleotide which moves the far thest  in this system. The components  
of this fraction are as yet  unidentified. The position of elution from the column, the ul tra  violet 
spectrum, the movement  in sys tems I and I I  and the high radioactive incorporation of fraction 
x n  are all characteristic of ATP. Although the two fractions following ATP are eluted in positions 
characteristic of GTP and UTP in the HURLBERT system for whole liver, they have not been iden- 
tified in mitochondria.  Larger  quanti t ies  of these fractions are being obtained for analysis. 
Al though their  absolute concentrat ions appear  ra ther  low, their specific activities mus t  be quite 
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high and thus  m a y  be of i lnt)ortancc. I t  is possible t h a t  these fractions represent  nucleot idc  turf;i- 
or h igher  po lyphospha te s  of unknown  signif icance such as those repor ted  recent ly  bv 5A(Ks 11, 12 
and MARRIAN la in l iver  and colnlnercial  :\T[ ) p repara t ions .  

The p resen t  work  provides  a method  ~f label ing ¢ertain (H" the nm leotides ~H liver mi t~chon-  
dria w i t h o u t  any  dev ia t ion  from the  usual  me thods  of p repa ra t ion  and is(H:~ti~m, i t  is expec ted  
t h a t  such a me thod  may I)econ/e va luab le  ill s tudies  of the r~de of nucletJtide levels in mit~- 
chondr ia l  me tabo l i sm.  Fu r the r  work, a t t e m p t i n g  It) ident i fy  the unknown frm ti~ms, is in p>>gress. 

The au thors  are indeb ted  to l ' rofessor  ()lx)v I.INIHgERG, I.ARN ERNS':>:R ;rod fIANs ].t~W t~)r 
va luab le  discuss ions  dur ing  this  inves t iga t ion .  
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Fatty acid synthesis by soluble enzyme preparations 
from rabbit mammary gland 

Recen t ly ,  POPJJ~K ANI) TIETZ showed t h a t  soluble enzyme  p repa ra t ions  from l ac t a t ing  ra t  
m a m m a r y  g l a n d  were capable  of syn thes iz ing  f a t t y  acids from 14C labelled acetate ,  in ti le presence 
of ATP  and  ( l -oxog ln ta ra te  1. The react ion was  shown to be coenzyme A dependent  2. \Ve have  now 
shown t h a t  r a b b i t  m a m m a r y  gland ext rac ts ,  p repared  and  assayed as descr ibed previous ly  for 
r a t  m a m m a r y  g l and  e x t r a c t s  1, show the  same f a t t y  acid syn thes iz ing  ac t iv i ty .  This a c t i v i t y  per 
m g  p ro te in  can  be increased some 4 8 fohl by p r ec ip i t a t i ng  the  r abb i t  m a m m a r y  gland e x t r a c t  
by  s a t u r a t i o n  wi th  a m m o n i u m  sulphate ,  followed by  re f rac t iona t ion  wi th  a m m o n i u m  su lpha te  
be tween  the  l i m i t s  of 35-6o % sa tu ra t ion .  ] t  is this  p r epa ra t i on  which has l)een used in the  experi-  
Inents  described here, in which (z-oxoglutarate  has  been replaced by  D P N H ,  and f a t t y  acid syn-  
thes is  followed in the  spec t ropho tomete r ,  by  observ ing  the u t i l i za t ion  of D P N H .  

The assay  sys t em con ta ins :  3 ° i tM ATP, 2 /t3,I CoA, o. 4 o.8 l , , l l  D P N H ,  3 ° I ,M cyste ine ,  
IOO l ,M Tris buffer, p H  9.4, 2o izM MgC12, 5-6o I*lll ace ta te  and abou t  1o mg protein.  The final 
vo lume  of the  reac t ion  m i x t u r e  is 3.o ml, the  final pH  is 8.o. The m i x t u r e  is i ncuba ted  for 5 min-  
u tes  a t  38°C, to e l imina te  a smal l  b lank  reac t ion  u t i l i z ing  D P N H ,  and then  t rans fe r red  to a cuve t t e  
read a t  34 ° m / , ,  and  the  reac t ion  s t a r t ed  by  the add i t ion  of ace ta te  (Fig. I). An i m m e d i a t e  decrease 
in opt ica l  dens i t y  occurs, which  is not  observed in the  absence of acetate ,  Co:\ or ATP, and  which 
only  proceeds at  one t h i rd  the  ra te  in the  absence of cysteine.  Very  l i t t l e  f a t t y  acid syn thes i s  occurs 
in the  absence of D P N H ,  as measured  by  the  incorpora t ion  of label led  ace ta te  into f a t t y  acid. 

The  course of f a t t y  acid synthesis ,  as measured  by  the  incorpora t ion  of label, follows closely 
the  u t i l i za t ion  of D P N H  (Fig. 2). In  th is  e x p e r i m e n t  14C label led ace ta te  was used, and the f a t t y  
acids i so la ted  and  e s t i m a t e d  as p rev ious ly  descr ibed 1. Dur ing  the  ear ly  p a r t  of the  reac t ion  the  
D P N H :  ace ta t e  rat io  is about  6:1 ,  but  fails as the  react ion  proceeds.  \ ¥ h e n  half  t h e  D P N H  has  
been ut i l i zed  the  react ion  comes  to a standsti l l ,  i ndependent  of the  s tar t ing  concentra t ion  of D P N H  


