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son and LENICQUE ~ noted an overall decrease in mito- 
chondria in P. miliaris. 

J. R. StlAVER 

Division o/Biology,  Cali]ornia Institute o/ Technology, 
Pasadena, March 75, 1955. 

Zusammenfassung 
Zytologische Untersuchungen an Embryonen  yon 

zwei Seeigelarten haben in bezug auf die Lokalisation 
der Mitochondrien keinen Unterschied zwischen anima- 
ler und vegeta t iver  Hemisphtire ergeben. Vorlttufige 
Versuche, mi t  Hilfe einer quan t i t a t iven  lVlethode die 
Mitochondrien in Homogenaten  zu ztthlen, ergaben eine 
starke Zunahme ant  dem Stadium der Blastula und eine 
anschliessende Abnahme der Mitochondrienzaht pro 
Embryo.  

I T. GUSTAFSON and P. LENICQUE, Exp. CclI Res. 3, '251 (1952}. 

Factors Influencing the Fatty Acid Oxidation of 
Tumor Mitochondria with Special Reference to 

Changes in Spontaneous Mouse Hepatomas 

WEINHOUSE and CHAIKOFF et al. g a v e  a conclusive 
demonstrat ion tha t  slices of tumors  are capable of oxi- 
dizing fa t ty  acids 1. Cell-free preparations of a number  of 
tumors did not  show this property,  however*. I t  is the 
object of this short communicat ion to report  on some Of 
the factors influencing the oxidation of fa t ty  acids by 
tumor  mitochondria  in vitro, and especially on changes 
in this respect occuring in mitochondria  from spontane- 
ous hepatomas. So far as we are aware, the present da ta  
furnish the first positive cvidence of fa t ty  acid oxidation 
by tumor  mitochondria.  

The hepatomas studied arose in a high incidence in 
two year old female FI( $ C57 Black × c~ C3He) mice3 
which were kindly put  at our disposal by Dr. O. MOHL- 
BOCK. 

The tumors were always divided in two groups, 
consisting of hepatomas of less than 1 g, which we 
shall call early stage tumors,  and tumors weighing 
2-10 g, which are designated here as fully developed 
tumors. Mitochondria, prepared from both specimens in 
isotonic (0.25 m) sucrosO, were washed twice in a volume 
of cold isotonic sucrose equal  to twice the original tissue 
weight, and the suspension prior to incubat ion- the  
prel iminary suspension-  was made in a (0.13 m) KC1- 
(0-013 m) phosphate  buffer (pH 7"4). After the mito- 
chondriM suspension was pipet ted  into Warburg flasks 
containing the proper  addit ions (Table I), only the 
mitochondria  from the early stage tumors  showed an 
oxidation of octanoate  with m-oxy caproate and L-malate  
as "sparkers"  of fa t ty  acid oxidat ion s. 

In  a previous publication% it  was shown tha t  mito-  
chondria prepared from many  mouse tumors  exhibi t  a 
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marked "adenosine tr iphosphatase (ATPase) ac t iv i ty" ,  
as measured by the complete inhibition of f a t ty  acid 
oxidation of normal liver mitochondria  after addit ion of 
these tumor  mitochondria.  Most tumor  mitochondria  
showed this high "ATPase  ac t i v i t y "  irrespective of the 
fact whether the prel iminary suspension was made in iso- 
tonic sucrose or in KCl-phosphate buffer. At the same 
t ime it was found tha t  no oxidation of octanoate took 
place by these mitochondria  per se after addit ion of NaF  
(0.01 m) diphosphopyridine nucleotide (10 -~ m) and 
coenzyme A (10 7). 

The mitochondria  from the fully developed hepatomas 
also showed a high " A T P a se  ac t iv i ty" ,  when the pre- 
l iminary suspension was made in the KCl-phosphate 
buffer, but, when isotonic sucrose devres as the suspend- 
ing medium, only a modera te  or slight "ATPase  ac t i v i t y "  
was recorded. This was more or less ant ic ipated in view 
of the apparent  lack of oc tanoate  oxidat ion by the mito-  
chondria from the pre l iminary  KCl-phosphate suspen- 
sion. After addit ion of f luor ide-a  well-known inhibitor  of 
ATPase -a  small oxygen consumption result ing from 
octanoate  oxidat ion could sometimes b~ seen. Mito- 
chondria from the prel iminary sucrose suspension were 
somewhat  variable in their  oxidat ive  behaviour,  some- 
t imes showing an oxygen consumption with octanoate  
as the substrate.  Isolation of the mitochondria  wi th  
isotonic sucrose containing 0-001 ethylenediamine te t ra-  
acetate  (versene) resulted in an enhanced oxidation. 

The "ATPase  ac t iv i ty"  of the mitochondria  from the 
early stage tumors  was considered as small or absent, 
because even the mitochondria  from the prel iminary 
KCl-phosphate suspension were capable of oxidizing 
octanoate ;  this was confirmed by measurements  of the 
"ATPase  ac t iv i ty"  in the way indicated. 

The absence of "ATPase  ac t iv i ty"  does not necessarily 
mean tha t  tumor  mitochondria  in general are able to 
effect fa t ty  acid oxidation. Mitochondria prepared from 
two different t ransplanted interst i t ial  cell tumors  of the 
mouse testis never  showed such A T P  spli t t ing activities 
as would influence the fa t ty  acid oxidat ion of normal 
liver mitochondria  appreciably. The mitochondria  from 
one of these tumors,  prepared either with or wi thout  
versene, were, however, unable to oxidize fa t ty  acids 
under the conditions of the present experiments.  The 
mitoch0ndria from the other  testis tumors,  prepared 
with sucrose-versene, showed a vivid oxidat ion of 
octanoate.  Another  example may be ment ioned of a 
t ransplanted granulosa cell tumor  of the mouse ovary.  
Mitochondria prepared from this tumor  with isotonic 
sucrose and suspended in KCl-phosphate buffer had a 
moderate  or marked "ATPase  ac t iv i ty" .  When the 
prel iminary suspension was made in isotonic sucrose and 
added to normal  liver mitochondria,  no influence on the 
fa t ty  acid oxidation of the liver mitochondria  could be 
detected, but  the tumor  mitochondria  per se showed no 
octanoate  oxidation. When the whole procedure of 
preparing the tumor  mitochondria was carried out  wi th  
0.001 m versene included in the isotonic sucrose solution, 
a very  large oxygen consumption resulted from octanoate  
oxidation.  

Changes in the mitochondrial  nitrogen conten t  of 
the spontaneous hepatomas were also noted. The 
ni trogen content  of the mi tochondr ia  per 100 mg fresh 
tissue of the early stage hepatomas was always found 
to be higher than the corresponding values of the fully 
developed tumors,  e.g. 0.39 against  0.28 mg N on the 
average. This may be the result  of the greater  blood 
content  of the latter. The division of the spontaneous 
hepatomas into the two groups ment ioned was merely 
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Table/.-Oxidation of 0ctanoate by Tumor Mitochondna and by 
Liver Mitoehondria in the presence of Tumor Mitochondrta. Addi- 
tions: oetanoate (1-~5 x 10-sln),~-oxy caproate (3 x 10 -3 m), L- 
malate {7 x 10 -sm) ,  ATP {7 x 10 -4 m}, cytocbrome c (10 - s  m}, di- 
phosphopyridine nueleotide (DPN, 10 -3 m), Mg++ (5 x 10 -~ m), in a 
total volume of 1.6 ml (0.06 m) KC1-(0.013 m) phosphate buffer 
(pH 7.4) including 0-6 ml suspension of tumor mitochoudria in KC1- 
phosphate buffer (KCI-P), or 0.~5 m sucrose ~ versene (0"001 m). 
NaF was added in one experiment in a final concentration of 0.01 m. 
In the "ATPase assay" (lower part of table) 0'3 ml suspension oi 
liver mitochondria in Kel-phosphate buffer and 0.3 ml suspension of 
tmnor mitochondria in Ket-phosphate or 0"25 m sucrose :t: versene 
were added, DPN and InNate were omitted. Oxygen consumption 
was calculated as the difference between oxygen uptake in the 
presence of octanoate + 0~-oxy caproate (+ DPN) and that of c~-oxy 
eaproate (+ DPN). Protein-N was determined by a miero-Kjehldahl 
procedure. In the experiments in which tumor and liver mitoehondria 
were incubated together, the N-content of the former is listed in the 
table. The N-content of the latter was always the same as that of the 

liver mitochondria incubated separately. 

Mitochondria from 
preliminary 
suspension 

mg N 
per 
flask 

/ *103  
consumed 
per flask 

after 
60 rain 

hepatomas : 
"early stage" (I) 

I a  
I b  

"fully developed"(II) 
I I a .  
I I b .  
I I b + F -  

granulosa cel l tumor 
0I I )  
I I I a  
I l i a  

mouse liver (IV) 
IVa 
IVa+  Ic  
IVb 
I V b + I d  
I V b +  I I c  
IVb+  I I c  
IVc 
I V c + I I d  . . . .  

IVd 
IVd + I I I b  
IVe 
I V e + I I I c  
IV f 
I V f + I I I a  
I V f + I I I a  

KC1-P 2.18 177 
KC1-P 2"37 140 

KCI-P 2.28 - 3 
KCI-P 1.81 - 4 
KC1-P 1-81 23 

sucrose 1.06 0 
sucrose+ versene 0.76 246 

0.80 60 
KC1-P 1.68 100 

1.38 117 
sucrose 0-78 140 
KCI-P 0-89 10 
sucrose 0.73 60 

1.42 121 
sucrose 1.73 106 

. . . KC1-P 

KC1-P 

. , . sucrose 
• . . sucrose+versene 

1.26 124 
1.01 59 
1.26 115 
0.78 14 
0-98 117 
1-06 130 
0.76 190 

made  on a c c o u n t  of t h e  we igh t  of t he  t umor s .  The  
resul ts  r e p o r t e d  were c o n f i r m e d  in more  t h a n  25 exper i -  
men t s ,  only  a v e r y  few e x c e p t i o n s  be ing  no ted•  I t  c an  
be  conc luded  t h a t  t h e  m i t o c h o n d r i a  f rom t h e  fu l ly  
deve loped  h e p a t o m a s  are more  l iable t o  d a m a g e  in 
vitro, b y  which  l a t e n t  A T P a s e  ac t iv i t i es  b e c o m e  ac t iv -  
a t ed .  B y  sp l i t t ing  A T P  the  fo rming  of t h e  a c y l - c o e n z y m e  
A b o n d ,  a necessa ry  requis i t e  for f a t t y  acid  ox ida t ion ,  is 
p rec luded .  

P.  EMMELOr and  C. J .  B o s  

Department o[ Biochemistry, Antoni van Leeuwen- 
Hoekhuis, the Netherlands Cancer Institute, Amsterdam, 
April  14, 1955. 

Zusammen/assung 

M i t o c h o n d r i e n  aus k le inen  u n d  grosseu S p o n t a n -  
h e p a t o m e n  bei  F1(C~]31 X C~He) M/iusen weisen  ver-  
s ch iedene  A d e n o s i n t r i p h o s p h a t a s e a k t i v i t i i t e n  auf, was  
s ich 1. an der  H e m m u n g  der  F e t t s A u r e o x y d a t i o n  n o r ma l e r  
L e b e r m i t o c h o n d r i e n  n a c h  Zugabe  y o n  T u m o r m i t o c h o n -  
dr ien  u n d  2. an  der  F e t t s ~ u r e o x y d a t i o n  de r  H e p a t o m -  
m i t o c h o n d r i e n  se lbs t  zeigen 1/~sst, Die M i t o c h o n d r i e n  
gewisser  T u m o r e n  v e r m o c h t e n  Capryls~Lure n u r  zu oxy-  
d ieren ,  w e n n  die A d e n o s i n t r i p h o s p h a t a s e  m6gl l chs t  
wenig  a k t i v i e r t  wa r  d u r c h  Zugabe  y o n  V e r s e e n  z u m  Auf-  
a r b e i t u n g s m e d i u m .  

S u r  l a  p r 6 s e n c e  d e  f l - a l a n i n e  d a n s  l e s  t i s s u s  

d e s  p l a n t e s  s u p @ r i e u r e s  

L a  fl-Manine a dtd identifi@e p a r m i  les acides  aminds  
l ibres des v6g6 taux  sup@rieurs pa r  p lus ieurs  a u t e u r s :  
STEWARD e t  THOMPSON 1 d a n s  des  t i ssus  var ids ;  HUNT z 
d a n s  Ies rac ines  e t  les nodu les  de Idgumineuses ,  AUCLAIa 
et  MALTAIS 3 dans  les e x t r a i t s  de pois.  

P a r  con t re ,  au cours  de t r a v a u x  p o r t a n t  su r  les 
p ro td ines  des t i s sus  vdgd taux ,  il n ' a  j a m a i s  dt6 ddceld de 
f l-alanine darts les h y d r o l y s a t s .  P e u  de r e c h e r c h e s  o n t  
por td  sur  les acides  aminds  c o n s t i t u a n t  des p o l y p e p t i d e s .  

C e p e n d a n t ,  VIRTANEN et  MIETTINEN* o n t  ident i f i6  
la f l -alanine chez le Po i s  (feuilles), ~ l a  l o i s  p a r m i  les 
ac ides  amin6s  l ibres,  e t  c o m m e  c o n s t i t u a n t  des po ly -  
pep t ides .  

Au cours  de t r a v a u x  d ' o r i e n t a t i o n s  d i f f6rentes  su r  le 
m d t a b o l i s m e  p ro t id ique ,  nous  a v o n s  r e n c o n t r 6  la fl-ala- 
n ine  d a n s  ce r t a ins  e x t r a i t s  o b t e n u s  ~ p a r t i r  de  feuit les 
de b16 et  de Bryophyllum daigremontianum BERGER 
(M.L.C,) e t  de d ivers  t i s sus  v6g@taux cu l tN6s  in vitro: 
t i s sus  n o r m a u x  de rac ines  de scorson~re,  t i s sus  de 
Crown-gal l  de  scorson~re,  t i s sus  de  Crown-ga l l  de 
t o p i n a m b o u r  (C.L.). 

Les t e c h n i q u e s  de s @ a r a t i o n  employdes  son t  r6sum@es 
dans  le s c h d m a  s u i v a n t  : 

Fixation par alcool 950 bouillant 
Extraction par alcool ~ 50 ° 

I 
I I 

Rdsidu insoluble Exlrait soluble 
hydrolys6 Passage sur Pernmtite C6o 

I 
I I 

Filtrat Eluat par NH4OH 

hydrolys6 

[*c'de amin sllAcidesa "io sd°certainesllAcidesamin 'st 
des prot6ines liaisons peptidiques libres 

Le passage  sur  la P e r m u t i t e  C~0 (mdthode  de BOU- 
I.ANaER et  BISERTE ~) p e r m e t  de r e t e n i r  les ac ides  aminds  
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