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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Inents  described here, in which (z-oxoglutarate  has  been replaced by  D P N H ,  and f a t t y  acid syn-  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  
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Fig. I. Oxida t ion  of D P N H  by  the  f a t t y  acid 
syn thes iz ing  enzyme  sys tem.  The  react ion was 
s t a r t ed  by  the  addi t ion  a t  the  arrow of 6 0 / z M  

K-ace t a t e  to t he  a s say  sys tem.  
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Fig. a.  Uti l izat ion of D P N H  and  incorpora t ion  
of i¢C-acetate into f a t t y  acids. At  the  arrow 
(4 ° min) a second addi t ion  of 0. 4 /~M of D P N H  

was made .  

or of pro te in .  The  react ion can  be re -s ta r ted  immedia t e ly  by  the  addi t ion  of fu r the r  D P N H ,  b u t  
no t  b y  t he  add i t ion  of more  CoA, protein,  or of syn the t ica l ly  prepared  crotonyl-CoA. Dur ing  the  
ear ly  pa r t  of th i s  second phase  t he  D P N H  :acetate rat io approaches  2 : I, sugges t ing  the  ut i l izat ion 
of p r e - fo rmed  in te rmedia tes .  

The  n a t u r e  of these  in t e rmed ia t e s  was  fu r ther  inves t iga ted  in an  exper iment ,  s imilar  to t h a t  
shown  in Fig. 2, in which  these  in te rmedia tes  were isolated as thei r  h y d r o x a m a t e s  8 at  va r ious  
in te rva ls  of t ime  af ter  t he  s t a r t  of the  reaction.  These  h y d r o x a m a t e s  were s u b m i t t e d  to ch romatog-  
r a p h y  in an  oc ty l  a lcohol-formic ac id-water  so lven t  s y s t e m  ¢, and  t he  paper  s t r ips  so ob ta ined  
scanned  for r ad ioac t iv i ty  in a self-recording scanner .  This  showed : (i) ini t ial ly a 7 ° and  5 fold excess 
of ace ty l -CoA and  f l -hyd roxybu ty ry l -CoA respect ive ly  over all o the r  in te rmedia tes ,  the  la t t e r  
accoun t ing  for t he  h igh  D P N H  :acetate  ra t io ;  (ii) an  accumula t ion  of crotonyl-CoA, bu ty ry l -CoA 
and  of f l -hydroxyoc tanoy l -CoA (identified by  its R F value) and  the  appea rance  of a lit t le oc tanoyl -  
CoA dur ing  the  first phase  of the  react ion ; (iii) a m a r k e d  increase in bu ty ry l -CoA and  oc tanoyl -CoA 
af te r  t he  second add i t ion  of D P N H ,  at  the  expense  of crotonyl-CoA and /5 -hydroxy-oc tanoy l -CoA ; 
(iv) t he  appea rance  of ve ry  litt le hexanoyl -CoA,  and  t h e n  only  at  the  end  of the  second phase  of 
t he  react ion.  

This  sugges t s  t h a t  two possible  ra te  l imit ing s teps  opera t ing  in the  sys tem,  e i ther  s ingly  or 
together ,  m i g h t  be (i) t he  s tep  f rom f l -hydroxy-acyl -CoA to u n s a t u r a t e d  f a t t y  acyl-CoA poss ib ly  
due  to  inhib i t ion  b y  f l-keto-acyl-CoA; (ii) t he  s tep f rom u n s a t u r a t e d  f a t t y  acyl-CoA to s a t u r a t e d  
f a t t y  acyl-CoA, poss ib ly  reflect ing a defect  in t he  electon t rans fe r  m e c h a n i s m  at  t he  point .  

The  m e c h a n i s m  of electron t r ans fe r  f rom D P N H  to u n s a t u r a t e d  f a t t y  acyl-CoA is still 
obscure.  P rev ious  work  repor ted  us ing  h igh ly  purified p repara t ions  of the  enzyme  t h a t  ca ta lyses  
th is  s tep  shows  t h a t  th i s  e n z y m e  is incapable  of reac t ing  wi th  DPNH~,  8. I n  t he  m a m m a r y  g land  
p repa ra t i on  th is  e lectron t r ans fe r  does no t  involve  D P N H - c y t o c h r o m e  c reductase ,  for reduced 
c y t o c h r o m e  c and  D P N  will no t  s u b s t i t u t e  for D P N H ,  and  the  p repara t ion  con ta ins  negligible 
D P N H - c y t o c h r o m e  c reduc tase  ac t iv i ty  of the  t ype  descr ibed by  MAHLER et al. ~. However ,  our  
p r epa ra t i on  shows  ve ry  m a r k e d  d iaphorase  ac t iv i ty  us ing  2 :6-d ich lorophenol - indophenol  as 
e lectron acceptor,  t he  p H  o p t i m u m  of th is  reac t ion  be ing  a t  6.2. At  p H  8.0 t he  ra te  of D P N H  oxi- 
da t ion  in t he  presence of the  dye  is still five t imes  grea te r  t h a n  t h a t  observed in the  f a t t y  acid 
syn thes iz ing  sys t em.  Poss ib ly  th is  d iaphorase  ac t i v i t y  represen ts  the  " shor t - c i r cu i t ing"  by  t he  
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(lye of a systenl responsible for the transfer of electrons from D P N H  to the enzyme tha t  is respons 
ible for catalyzing the step from unsa tura ted  to sa tura ted  fat ty acyl-CoA. This would represent  an 
alternative pa thway  for electrons to tha t  provided through DPNH-cytochr~mae c reductase and the 
cytochrome system. 
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DPN-und TPN-spezifische Nukleosidasen in Erythrozyten 
h n  Verlauf von Untersuchungen fiber die Reifung von Kaninchen-Erythrozyten ,  in denen 

das Verhalten yon DPN und TPN untersucht  wurde, zeigte sich, dass trotz schneller DPN-Spal-  
tung durch Erythrozyten-H~tmolysate,  TPN nur  sehr langsam angegriffen wird. Dies gilt fiir den 
Abbau yon zelleigenen, ebenso wie yon zugesetzten Pyridinnukleotiden.  In Retikulozyten war  
die DPN-Spal tung  um weniges, die TPN-Spa l tung  um vieles h6her als in Normozyten.  Diese 
Beobachtungen legten den Gedanken nahe, dass in Ery throzy ten  spezifische Fermente  fiir (lie 
DPN-  und TPN-Spal tung  existieren. Es handelt  sich u m  Nukleosidasen, wie sich aus dem Ver- 
gleich zwischen den enzymatisch-optisch bes t immten DPN-  (mit krist. Alkoholdehydrase 1) und 
TPN- (mit Zwischenferment  2) \Verten einerseits und den Nikotins/ iureamid-Ribose-Werten 
(fluorometrisch a) andererseits ergibt. Beide Nukleosidasewirkungen sind durch Nikotinsgureamid 
hemmbar .  

Es gelingt durch Ext rak t ion  mit NaHCOa-l .6sung aus Azetonpulver yon Retikulozyten- 
s t roma eine 16sliche DPN-Nukleosidase abzutrennen.  Die L6sung zeigt keine TPN-spal tende  Ak- 
tivitfit, w/ihrend die Suspension noch TPN spaltet  (Tabelle I). 

T A B E L L E  I 

ABTRENNUNG DER DPN- VON DER T P N - N U K L E O S I D A S E  

o.o 5 ml Enzylnl6sung (entspricht der Suspension bzw. Ex t r a k t  yon o.o 3 ml urspr.  Zellen); 
Veronal-Azetat-Puffer p H  7.4 ; 19°/*g D P N  ; 6211g TPN ; Endvolumen i . I  ml ; Tempera tu r  37~°C; 
Inknbat ionsdauer  Iiir DPN 3 o, ffir TPN 9o Minuten. Nichtgespaltenes DPN bzw. TPN wurde 
im Kochsaf t  fluorometrisch bes t immt  a. 

Frakt ion  D P N  T P N  

NaHCO~-Suspension ~ 45 *) 34 
des Azetnnpulvers 

{?berstehende L6sung 4 ° o 
der NaHCO~-Suspension 

* gespaltene Pyridinnukleotide in pg. 

Somit ist die Existenz speziflscher Nukleosidasen fiir DPN und TPN sehr wahrscheinlich 
gemacht  worden. Es bleibt zu untersuchen,  ob ihr Vorkommen auf (tie roten Blutzellen beschrXnkt 
ist. 
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