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Intracel lular Dis tr ibut ion  of Pyruvate  Car- 
boxy lase  in M a m m a l i a n  Brain  Cortex 1 

Although  the  av ian  l iver mi tochondr i a  are the  be t t e r  
source of p y r u v a t e  carboxylase2,  the  enzyme is largely 
diffused in the  an imal  k ingdom;  i t  has  been  shown to be 
p resen t  in the  ox, frog, ra t  and  sheep liver, and  in the  
r abb i t  k idney  and  l iver 2,3. 

The p y r u v a t e  carboxylase  has  been puri f ied f rom lyo- 
phi l ized chicken l iver m i tochondr i a  and its character is t ics  
have  been descr ibed by  UTTER et  al.4-7; the  enzyme 
cata lyses  t he  overall  reac t ion  of synthes is  of oxa loace ta te  
f rom p y r u v a t e  and  CO 2. Oxaloace ta te  synthes is  is de- 
p e n d e n t  on the  presence  of py ruva te ,  MgC12 and  acetyl  
CoA. 

Ev idence  has  been p re sen ted  in an earlier paper  sug- 
gest ing the  presence  of the  p y r u v a t e  carboxylase  in the  
ox-bra in  cor tex  mi tochondr i a  s. 

Some propert ies ,  such as inhib i t ion  by  avidin,  and by  
A T P  concen t ra t ion  h igher  t h a n  2 raM, the  na r row range 
of A T P  op t imal  concent ra t ion ,  and  the  r equ i remen t  of 
A T P  and MgC12 are ve ry  similar  to  those  of the  same 
enzyme p resen t  in liver. 

The presen t  work  was carr ied out  to  s t u d y  the  diffusion 
of the  bra in  cor tex  p y r u v a t e  carboxylase  in the  an imal  
k ingdom and  the  in t racel lu lar  d i s t r ibu t ion  of p y r u v a t e  
carboxylase  in the  m a m m a l i a n  bra in  cortex.  

The enzyme assay, the  p repa ra t ion  of the  condens ing  
enzyme and  of the  enzyme  ext rac ts ,  the  c i t ra te  isolation, 
and  the  m e a s u r e m e n t  of the  enzymat i c  ac t iv i ty  have  been  
repor ted  in a previous  pape r  s. 

Subcellular [racHon preparation. All the  opera t ions  were 
carr ied out  in the  cold. Ox-bra in  cor tex  was homo-  
genized in 10 volumes (ml/g of tissue) of 0.44 M sucrose. 
Cellular debris,  h e a v y  and  l ight  mi tochondr i a  were 
f rac t iona ted  by  different ia l  cent r i fugat ion  a t  600 and  
12,000 g. All f ract ions were suspended  in cold wa te r  and  
lyophilized.  The 'soluble f rac t ion '  was ob ta ined  at  
105,000 g, sub jec ted  to  ex tens ive  dialysis and  s tored 
lyophilized. 

The ex t rac t s  ob ta ined  as descr ibed before s f rom the  
var ious  cellular fractions,  have  been tes ted  for the  pyru-  
va t e  carboxylase  act iv i ty .  Table I shows t h a t  t he  cerebral  
p y r u v a t e  carboxylase  is wide ly  diffused ill the  an imal  
k ingdom.  "With some differences in the  specific ac t iv i ty  
and  in the  ac t iv i ty  per  g of tissue, we de te rmined  the  
p y r u v a t e  carboxylase  ac t iv i ty  in t he  cent ra l  nervous  
sy s t em of rat ,  guinea-pig,  r abb i t  and cat.  

Table I I  shows t h a t  the  ac t iv i ty  is main ly  located in 
the  bra in  cor tex  mi tochondr ia ,  while the  soluble f ract ion 
has no act ivi ty .  A fu r the r  f rac t iona t ion  of mi tochondr i a  
in l ight  and h e a v y  c o m p o n e n t s  has shown t h a t  the  l a t t e r  
f rac t ion is the  r ichest  source of p y r u v a t e  carboxylase.  The 
same subcellular  locat ion has  been repor ted  for chicken 
l iver 2, and the  h e a v y  mi tochondr i a  represen t  the  usual  
mate r ia l  for the  ex t r ac t ion  and  pur i f ica t ion  of the  enzyme 
f rom this  tissue. 

Liver  mi tochondr i a  f rom many,  a l though  no t  all, 
species can synthes ize  p h o s p h o e n o l p y r u v a t e  f rom pyru-  
r a t e ,  ye t  these  mi tochondr i a  conta in  only negligible 
amoun t s  of mala te  enzyme,  since th is  enzyme is in the  
soluble cytoplasm.  The  same a r g u m e n t  holds for p y r u v a t e  
kinase, which  also is found in the  soluble por t ion  of the  
cell. 

Ev idence  has  been  p re sen ted  2 suggest ing t h a t  p y r u v a t e  
carboxylase  and  p h o s p h o e n o l p y r u v a t e  ca rboxykinase  
funct ioning  in sequence m a y  cata lyse  react ions  consti-  
t u t i ng  a major  p a t h w a y  for phosphoeno lpy ruva t e  syn- 

thesis  f rom p y r u v a t e  or lac ta te  in the  overall  process  of 
gluconeogenesis  in avian liver mi tochondr ia .  

The recen t  s tudies  of KREBS 9 on gluconeogenesis in kid- 
ney  slices impl ica te  p y r u v a t e  carboxylase ,  since glucose 
synthes is  is accelera ted by  precursors  of the acyl  CoA 
compounds  which  ac t iva te  th is  enzyme  1~ HENNII~G et 
al. 11, PRINZ et  al. 12 and WAGLE la have  also repor ted  t h a t  

Table 1. Pyruvate carboxylase in the brain cortex of several mam- 
malian species 

Species /*moles of pyruvate 
incorporated/mg of 
mitochondrial protein 

Rat (2) 107 
Guinea-pig (2) 119 
Rabbit (2) 54 
Cat (2) 118 
Ox (6) 362 

The numbers in parentheses indicate the number of mitochondrial 
preparations obtained as described in the text from brains of 5 rats, 
5 guinea-pigs, 3 rabbits, 2 cats and 1 ox. The numbers are the 
average of 3 separate determinations carried out with each prepara- 
tion by the radiochemieal assay described elsewhere s. 

Table II. Intracellular distribution of pyruvate carboxylase in mam- 
malian brain cortex 

Fraction /~moles of pyruvate 
incorporated/mg of 
protein 

Mitochondria (4) 420 
Soluble fraction (4) 70 
Cellular debris (4) non detectable 

Light mitochondria (2) 150 
Heavy mitochondria (2) 200 

The numbers in parentheses indicate the number of fraction prepara- 
tions obtained as described in the text from ox-brain cortex. The 
numbers are the average of 3 separate determinations carried out 
with each preparation by the radioehemieal assay described else- 
where s. 
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l iver p y r u v a t e  carboxylase  ac t iv i ty  is e leva ted  in fas ted  
and  in al loxan diabet ic  ra ts  and  af ter  admin i s t r a t ion  of 
cor t icosteroids;  these  f indings are cons is ten t  wi th  a role 
for this  enzyme in gluconeogenesis.  

The presence of the  p h o s p h o e n o l p y r u v a t e  ca rboxy-  
kinase has  been previous ly  d e m o n s t r a t e d  in cat ,  rat ,  
guinea-pig and ox bra in  cor tex  mi tochondr i a  14. 

The very  h igh  s imi lar i ty  of some character is t ics  of the  
cor tex  and l iver p y r u v a t e  carboxylase  and  the  c o m m o n  
in t r ami tochondr i a l  locat ion of the  bra in  cor tex  p y r u v a t e  
carboxylase  and  p h o s p h o e n o l p y r u v a t e  ca rboxykinase  
suppor t  the  hypo thes i s  t h a t  the  2 enzymes,  func t ion ing  
in sequence,  m a y  cata lyse  react ions  cons t i tu t ing  a pa th -  
way  for  p h o s p h o e n o l p y r u v a t e  syn thes i s  f rom p y r u v a t e  
or lac ta te  in m a m m a l i a n  bra in  cor tex  mi tochondr ia .  

coniglio, gat to ,  bue. ~ s t a t a  s tud ia t a  la localizzaziolle 
subcellulare della piruvico carbossi lasi  cerebrale;  l ' enz ima 
r isul ta  essere par t ieo la to :  il c i top lasma solubile non pre-  
sen ta  a lcuna a t t iv i tk  men t r e  i mi tocondr i  pesan t i  costi-  
tu iscono la frazione pifi a t t iva .  Viene discusso il possibile 
ruolo fisiologico delia piruvicocarbossi las i  nella corteccia 
di mammifero .  

R. A. ti'ELICIOLI, F. GABRIELLI, 
and  C. A. Ross I  

Is t i tuto di Chimica Biologica dell' Universi th di P i s a  
(Italy), J u n e  6, 7966. 
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P r o d u c t i o n  of 4 - I m i d a z o l e  Ethano l  f r o m  
H i s t a m i n e  by Saccharomyces  rouxii 1 

His tamine  is conver ted  in m a m m a l i a n  t issue by  di- 
amine  oxidase to  4-imidazole ace ta ldehyde .  X a n t h i n e  
oxidase or a ldehyde  dehydrogenase  conver t s  th is  to 4- 
imidazole  acetic acid 2, which is found in the  nr ineK 
NAKAJIMA and SANO 4 found t h a t  the  urine of pa t i en t s  
t r ea t ed  wi th  an a ldehyde  dehydrogenase  inhib i tor  con- 
t a ined  small  amoun t s  of 4-imidazole e thanol .  They  also 
found t races  of th is  compound  in the  urine of nor lnal  
subjects .  The concen t ra t ion  is low; we calculate the i r  
results  to indicate  an excre t ion  by  normal  man  of less 
t h a n  200 /~g/day. Such low amoun t s  suggest  t h a t  the  
s tudy  of its fo rmat ion  in animal  t issue will be difficult.  

In  a s tudy  of h is t id ine  me tabo l i sm by  yeasts  5 we have  
found several  s t rains  which produce  imidazole e thanol  
f rom h is tamine  in readi ly  de tec tab le  amounts ,  and one 
s t ra in  which produces  th is  compound  as the  major  prod-  
uc t  of h i s t amine  degradat ion.  This  paper  describes the  
ident i f ica t ion and es t imat ion  of 4-imidazole e thanol  pro-  
duced by  Saccharomyces rouxii .  

Methods. Imidazole  e thanol  was p repared  as the  chloro- 
p la t ina te ,  as descr ibed by  WREDX and HOLTZ 6. S. rouxi i  
P R L  411-64 was isolated f rom a bumblebee ' s  nes t  f rom 
Melfort,  Saskatchewan.  

The g rowth  med ium used was Yeas t  Carbon Base 
(Difco) conta in ing  3 m M  his tamine  or 3 m M  L-histidine. 
Yeas ts  were grown aerobical ly in 125 ml shake flasks on 
a ro t a ry  shaker  a t  150 r p m  at 25 ~ The subs t ra tes  were 
comple te ly  metabol ized  af ter  3 days.  The yeas t  cells were 
r emoved  by  centr i fugat ion.  2 or 10/~1 of s u p e r n a t a n t  were 
appl ied to \ V h a t m a n  No. 1 paper ,  ch roma tog raphed  in 8 
solvents ,  and  imidazole der iva t ives  de tec ted  wi th  diazo- 
t ized sulphanil ic  acid (DAS) and  sodium ca rbona teL  The 
Rf  of the  p roduc t  was compared  wi th  those  of imidazole 
e thanol  and imidazole acetic acid. 

The a m o u n t  of imidazole e thanol  in 0,02 ml of super-  
n a t a n t  was de t e rmined  by  the  fo rmat ion  of a coloured 
compound  wi th  diazot ized p-n i t ro  aniline s. The opt ical  
dens i ty  a t  550 n m  was measured  wi th  a Beckman  DU 
Spec t ropho tomete r .  

Results  and discussion. The only de tec tab le  p rodu c t  of 
h is t id ine  metabo l i sm had  the  same Rf as imidazole acetic 

acid. "When 2 #1 of s u p e r n a t a n t  f rom the  cul ture grown 
on h i s t amine  was c h r o m a t o g r a p h e d  as descr ibed above,  
only one imidazole der iva t ive  react ing wi th  DAS could 
be observed,  The Rf  values of th is  p roduc t  in the  8 sol- 
ven t s  were indis t inguishable  f rom those  of au then t i c  imi- 
dazole e thanol .  W h e n  10 #1 of sample  were ch romato -  
graphed,  a fa in t  spot  wi th  the  same Rf as imidazole 
acetic acid was also detec ted .  

Chromatographic identification of imidazole-4-ethanol 

Solvent Rf. I00 

Imidazole-4- 
ethanol 

Histamine 
product 

n-Propanol-N-aeetie acid, 3 : 1 52 54 
Butanol-acetic acid-pyridine-H20, 
4:1:1:2 28 30 
Methanol-n-butanol-benzene-H20 , 
2:1:1:1 88 87 
Butanol-acetic aeid-H~O, 4 : 1 : 1 35 34 
Butanol-pyridine-H20 , l : 1 : 1 75 75 
Gthanol-H~O, 77 : 23 73 71 
r NH4OH-H20, 
80 : 5 : 15 88 86 
tert-Butanol-formic aeid-H20, 
70:15:15 64 63 
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