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Summary, The carboxylation of pyruvate by human adipose tissue mito- 
chondria was found to be very low as compared to that by rat adipose 
tissue mitochondria. This finding supports the previous reports of 
neglegible fatty acid synthesis from glucose by human adipose tissue 
and underlines an important role of this process in lipogenesis. It 
is suggested that the availability of intramitochondrial oxaloacetate 
limits a translocation of acetyl CoA as citrate from the mitochondria to 
the cytosol. In contrast to an age-dependency of mitochondrial metabo- 
lism in rat adipose tissue, pyruvate carboxylation by human adipose 
tissue mitochondria does not respond to aging. 

Recent studies have shown that glucose is a poor precusor for the 

synthesis of fatty acids by human adipose tissue (1,2). In contrast 

lipogenesis occurs rapidly from glucose in rat adipose tissue (3). It 

is generally agreed that oxaloacetate required for the synthesis of 

citrate which translocates acetyl CoA across the mitochondrial membrane 

is generated by pyruvate carboxylase (4,5). Recent studies on carboxy- 

lation of pyruvate by rat adipose tissue mitochondria have suggested 

the importance of this process in lipogenesis (6). In view of the dif- 

ference in lipogenic capacity of fat pads from these two species the 

carboxylation of pyruvate by human and rat adipose tissue mitochondira 

were compared. Also a possible effect of aging on this process in these 

tissues was investigated. 

Experimental-Procedure. Source of Tissues: About 30 g of human 

abdominal subcutaneous adipose tissue was obtained during surgery from 
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two subjects who were on a diet of 2500 calories per day. General 

anaesthesia was induced by halothane and nitrous oxide with oxygen. 

During the operation saline was given intravenously. In experiments 

with rats, epidldymal adipose tissue was obtained from Sprague-Dawley 

male rats of the ages indicated. Rats were fed a commerical diet 

ad libitum. - 

Isolation of Wtochondria: Mitochondria from human and rat adipose 

tissue were isolated as described previously (6). Adipose tissue mitochon- 

dria isolated using this procedure have been shown to be functionally intact 

as judged from both the P:O and respiratory control ratios (6). 

Fixation of Labeled 14C Bicarbonate: The composition of the reaction - 

mixture is described in the legend of Fig. 1. Incubations were carried 

out as described previously (6). Labeled organic acids were separated on a 

high voltage electrophoresis apparatus (6). 

- 2000 
3 
3 

-1500 2 
z 
k 
d .= 
E 

-1000 g 
\ m 
z ;;= 

-500 5 

P 
E 
2 

-0 
I 

0 10 20 30 
MINUTES 

1. Fig. The fixation of H14C04 by human and rat adipose tissue mito- 
chondria. The reaction mixture contained in a final volume of 1 ml, 
0.25 M sucrose; 6.6 mM potassium phosphate, pH 7.4; 6.6 mM triethano- 
lamine, pH 7.4; 10 mM potassium pyruvate; 8 mM ATP; 20 mM MgC12 
and 40 mM potassium bicarbonate (1OpCi). The incubation was carried 
out at 37" and time varied as indicated. Young rats weighing about 
180 g were used in this experiment. 
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Results and Discussion. The incorporation of glucose into fatty acids 

requires the transfer of acetyl CoA from mitochondria to the cytosol. The 

translocation of the acetyl moiety across the mitochondrial membrane is 

carried out by a series of reactions invlolving the formation of oxalo- 

acetate from pyruvate by pyruvate carboxylase and the synthesis of citrate 

from acetyl CoA and oxaloacetate by citrate synthase followed by its efflux 

to the cytosol (4,5). Citrate is cleaved by ATP-citrate lyase to acetyl 

CoA and oxaloacetate and the latter is further metabolized to pyruvate via 

NAD-and NADP-malate dehydrogenases (5,7,8). The loss of oxaloacetate in 

the cytosol necessiates the generation of oxaloacetate in the mitochondria 

by pyruvate carboxylase. The very low rate of pyruvate carboxylation by 

human adipose tissue mitochondria (Fig. 1) is in agreement with the low 

activity of pyruvate carboxylase in this tissue (0.023 unit per g tissue; 

Hanson, R.W., unpublished data). Pertinent to this observation is the 

report on low lipogenic capacity from glucose of cow and sheep adipose 

tissues which also have a neglegible pyruvate carboxylase activity (9). 

It has been reported that very low activity of ATP-citrate lyase 

in human adipose tissue may limit lipogenesis from glucose (10). It 

should be emphasized however, that the maximum velocity of an enzyme may 

not represent its functional capacity in vivo. For example, carboxyla- 

tion of pyruvate by rat adipose tissue mitochondria is only about one- 

tenth of pyruvate carboxylase activity observed in the disrupted mito- 

chondria (0.066 umole as compared to 0.70 umole per mg mitochondrial 

protein per min (6) ). As pyruvate carboxylation replenishes oxaloace- 

tate for mitochondrial citrate formation it is possible that it limits 

the amount of citrate made available to ATP-citrate lyase in the cytosol. 

Rat adipose tissue mitochondria have been previously shown to form 

3 times more citrate than malate ( (6), also see Fig. 2). In contrast 

human adipose tissue mitochondria form less citrate than malate (Fig. 2) 

suggesting a limitation in the translocation of acety CoA across the mem- 
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2. Fig. Separation of the labeled intermediates formed from Hl4C0,' and 
pyruvate by human and rat adipose tissue mitochondria using high voltage 
electrophoresis. The migration of known 14C-labeled compounds was 
compared with that of labeled organic acids formed by mitochondria. The 
sample experiments shown were for a 30-min mitochondrial incubation 
as described in Figure 1. S, succinate; M, malate; C, citrate; and 
F, fumarate. Arrow indicates the origin. 

brane of these organelles. A possible role for malate in glyceroneo- 

genesis in human adipose tissue is not well understood at present. 

The rate of lipogenesis in rat adipose tissue depends upon both the 

nutritional status as well as the age of the animal (11714). It is pos- 

sible that the differences observed in carboxylation of pyruvate by the 

mitochondria from human and rat adipose tissue (Fig. 1) are due to the 

relative difference in the age of rat and human. Young rats (about 180 

g body weight, about 6 weeks old) were used in the experiment shown in 

Figure 1 whereas the human subject under study was 57 years old. In 
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Table 1. The effect of age on carboxylation of pyruvate by human and - 

rat adipose tissue mitochondria. - - 

The reaction mixture was as described in Figure 1. Incubations 

were carried out at 37" for 30 minutes. 

Source Age Pyruvate carboxylation 

- -- 

Human 

Rat 

22 years 

54 years 

mumoles Hl4CO5 fixed/mg protein 

39 

37 

6 weeks 1798 

6 weeks 1895 

10 weeks 350 

14 weeks 238 

view of this a possible effect of aging on adipose tissue pyruvate car- 

boxylation was investigated. As seen in Table 1 mitochondrial carboxy- 

lation of pyruvate decreases markedly in adipose tissue with increasing 

age of the rat. A similar magnitude of reduction in lipogenesis in rat 

adipose tissue from older animals has been observed (14). In contrast 

to the aging phenomenon observed in rat adipose tissue the carboxylation 

of pyruvate by human adipose tissue mitochondria (Table 1) is not affected 

by age. 
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