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Summary. The cell wall of Neurospora crassa was digested enzymatically and the cytosolic and the mitochondrial  fractions were 
separated. The activity of pyruvate carboxylase (EC 6.4.1.1) was detected entirely in the cytosolic fraction. This indicates that the 
location of pyruvate carboxylase of N. crassa is in the cytosol, but is not in the mitochondria;  this is different from the situation 
in animal tissues. 

Pyruvate carboxylase is known to exist in a wide variety of 
organisms, including mammals  1'2, birds 1'3'4, and bacteria 5-9. 
Fungal pyruvate carboxylase has been reported in Aspergillus 
niger 1~ Neurospora crassa TM 12, Penicillium camemberti 13, Rhi- 
zopus nigricans 14 and yeasts 15~7. In some cases, the enzyme was 
purified and molecular architecture was studied 4'6'8'9' ~5,17. py_ 
ruvate carboxylase in most animal tissues is chiefly a mito- 
chondrial enzyme 1' 18. In yeast, on the other hand, this enzyme 
is reported to be localized in the soluble cytoso116. In the course 
of the study on the relationships between the suc gene and 
pyruvate carboxylase of Neurospora crassa, we noticed that  the 
location of the enzyme in Neurospora is not in the mitochon- 
dria but  in the cytosol. 
Materials and methods. Mycelium of  the wild type strain 
KG1967a of Neurospora crassa was grown in a 1.5 1 Roux 
bottle containing 1 1 of Vogel's minimal medium 19 supplement- 
ed with 2 % sucrose and 0.3 % sodium acetate under aeration 
at 34 ~ for 1 day. About  8-9 g of wet mycelium were obtained 
from a bottle. Mitochondria  were obtained by essentially the 
same method as that  used by Greenawalt et al. 2~ Cell wall was 
digested by fl-glucuronidase (crude solution from Helix poma- 
tia) from Sigma. Wet mycelium weighing 8-9 g was treated in 
33 ml of reaction medium containing sorbitol, 0.63 M; citric 
acid - K2HPO 4 buffer (pH 5.8), 0.1 M with respect to citric 
acid; 2-mercaptoethylamine.HC1, 0.03 M; EDTA, 0.4 mM;  

and 300,000 units of fl-glucuronidase for 1 h at 30~ Treated 
cells were washed twice with 60 ml cold, 0.9 M sorbitol, and 
collected by centrifugation. 
The pellet was resuspended in 60 ml of 0.02 M potassium 
phosphate buffer, pH 7.5, containing 0.25 M sucrose, 5 mM 
EDTA and 0.15% bovine serum albumin (BSA buffer). The 
suspension was homogenized using a glass homogenizer with a 
Teflon pestle. The crude homogenate was diluted with BSA 
buffer to 150 ml and centrifuged at 1000 x g for 15 rain to 
remove unbroken cells. The supernatant  was centrifuged at 
10,000 x g for 20 min, and its supernatant  fraction (C1S) was 
recentrifuged at 180,000 x g for 25 min and the final superna- 
tant  was obtained (fraction C18S). The pellet obtained between 
1000 and I0,000 x g, which contained essentially all mitochon- 
dria, was washed with BSA buffer and suspended in 12 ml of 
0.02 M potassium phosphate buffer, pH 7.5 (fraction M1P). 
The suspension was treated with a Tomy model UR-150P soni- 
cator for 1 min at the power setting of 5. The treated suspen- 
sion (fraction MIP-S)  was again centrifuged at 180,000 x g for 
25 min and the supernatant  was obtained (fraction M18S). 
Pyruvate carboxylase activity was determined spectrophotome- 
trically by the citrate synthase-coupled method described by 
Payne and Morris 5. Citrate synthase activity was determined 
by the method of Parvin 21. Fumarate  hydratase activity was 
determined by the method of Hill and Bradshaw 22, measuring 

Activities of the 3 enzymes in various preparations from disrupted Neurospora cell. The naming for each preparation is described in the text 

Pyruvate carboxylase from 9.1 g wet mycelium 

Citrate synthase from 8.1 g wet mycelium 

Fumarate hydratase from 8.1 g wet mycelium 

Preparation Specific activity Total protein Total activity 
(~tmol mg -I h 1) (rag) (gmol h -1) 

C1S 1.80 221 398 
C18S 2.23 161 359 
M1P 0 54 0 
M1P-S 0 49 0 
M18S 0 26 0 

ClS 37.6 184 6920 
C18S 43.0 148 6 360 
M1P 37.1 63 2 340 
M18S 221.4 31 6860 

C1S 59.0 184 10 860 
C18S 70.8 148 10480 
M1P 57.7 63 3 640 
M18S 268.8 31 8330 
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the absorbance at 240 nm. Specific activity of each enzyme was 
expressed as txmoles of product per mg protein per h. Protein 
was determined by the method of Lowry et al. 23. 
Results and discussion. Activities of pyruvate carboxylase and 
the two mitochondrial  enzymes, citrate synthase and fumarate 
hydratase, in various preparations from the Neurospora cell are 
shown in the table. Most of the pyruvate carboxylase activity 
was found in the cytosolic fractions, CIS and C18S, whereas 
no activity was detected in the mitochondrial  fractions, M1P, 
M1P-S and M18S. Pyruvate carboxylase of animals and some 
bacteria requires acetyl-CoA 3' 5, 6. Pyruvate carboxylase of Neu- 
rospora shows its activity in the absence of acetyl-CoA TM 12. Al- 
though the present assay system contains acetyl-CoA as a com- 
ponent of the reaction mixture, the mitochondrial  fractions did 
not show the activity of pyruvate carboxylase. On the other 
hand, citrate synthase and fumarate hydratase activities were 
found in both the mitochondrial  and the cytosolic fractions. 
Although some of this activity could have been due to disrup- 
tion of mitochondria during the preparation, it is obvious that  
mitochondria contain citrate synthase and fumarate hydratase. 
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Mitochondrial  inner membrane is permeable to pyruvate, ma- 
late and aspartate, but  not to oxalacetate. In animal cells, a 
shuttle mechanism works for the transmission of oxalacetate 
out of the mitochondria for gluconeogenesis 24, because pyru- 
vate carboxylase is localized only in the mitoehondrial  ma- 
trix ~s. While predominance of the gluconeogenic role of the 
enzyme in vertebrates is indicated 3'25, the primary role of the 
enzyme in microorganisms is believed to be anaplerotic, that  is 
the production of oxalacetate from pyruvate for both the oper- 
ation of the TCA cycle and the biosyntheses of carbon com- 
pounds 1~,26. The present study shows that  the pyruvate carbox- 
ylase of Neurospora crassa is localized outside the mitochon- 
dria. Therefore oxalacetate is formed outside the mitochondria  
and a shuttle mechanism is not necessary for the gluconeogen- 
esis. Rather, oxalacetate must be transferred from the cytosol 
into mitochondria  for supplementation of the substrate of the 
TCA cycle. The fact that  pyruvate carboxylase of Neurospora 
and yeast exists outside the mitochondria indicates that the 
regulation of organic acid metabolism in fungi is different 
from that in animal cells. 
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Summary.  Orni th ine  aminot ransferase  (E.C. 2.6.1.13) from rat bra in  was pur i f ied  100-fold by a m m o n i u m  sulphate  
fract ionat ion,  D E A E  cellulose chromatography ,  calcium phospha te  gel and a l u m i n a  C y gel. Pyridoxal  phospha t e  was 
essential for m a x i m u m  activity of  the enzyme. The  brain  enzyme did not  differ f rom liver and  k idney  enzymes in proper-  
ties such as pH op t imum,  Km, substrate  specificity and  the inhib i t ion  by b ranched  chain  amino  acids. Unl ike  rat  l iver 
enzyme, b ra in  o rn i th ine  aminot ransferase  was able to catalyze the reaction be tween  L-lysine and  2-oxoglutarate.  Spermi-  
dine and  spermine  inh ib i ted  bra in  orn i th ine  aminot ransfe rase  activity. 

Orn i th ine  aminot ransfe rase  (OAT;  E.C. 2.6.1.13) is a mito-  
chondr ia l  enzyme present  in many  tissues inc luding  liver, 
k idney and  bra in  2. It is the only enzyme k n o w n  to catalyze 
the reversible  step in the metabol ic  pa thway  interconver t -  
ing arginine,  prol ine and g lu tamate  3. In the rat  liver, OAT 
is mainly  involved in orn i th ine  catabol ism 4. The  metabol ic  

role of  this enzyme in o the r  tissues has not  been  comple te ly  
identif ied.  Compara t i ve  data  ob ta ined  from the pur i f ied 
enzymes f rom rat l iver and  k idney  indicated that  the two 
proteins  are identical  5,6. A l though  OAT from liver and  
kidney has been  character ized in detail,  very little is k n o w n  
about the proper t ies  of  OAT from brain.  In the present  


