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transamination reaction in the body. The 
activities of the arterial transaminases did not 
change appreciably. Concentrations of most 
of the free amino acids increased in the 
serum and diminished in the aorta of hyper- 
choles teremic-a t herosclero tic chickens. C hem- 
ical changes accompany the morphological 
alterations during the progress of athero- 
sclerosis. 
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Effects of Biotin Delficiency on Pyruvate Metabolism." (30684) 
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Department of Pharmacology, Indiana University School of Medicine, Indianapolis 

The studies of Lynen e t  aZ(1) and Wakil 
et a t (2 )  have demonstrated that biotin serves 
as a co-enzyme for several enzymatic car- 
boxylation reactions. These specifically in- 
clude the formation of methylmalonyl CoA 
from propionyl CoA and C02(3),  malonyl 
CoA from acetyl CoA and C02(4) and con- 
version of methylcrotonyl CoA and C02 to 
/3-methyl-glutaconyl CoA( 5 ) .  Terroine( 6)  
has reported that in acute biotin deficiency 
there is an increase in blood pyruvic acid 
levels. Such changes may result from de- 
creased pyruvate utilization. In the metabo- 
lism of pyruvate to lactate or acetyl CoA 
biotin is presumably not involved ; however, 
Keech and Utter (7,8) have recently described 
the properties of a pyruvic carboxylase which 
converts pyruvate and C02 into oxaloacetate 
in chicken liver preparations. Possible in- 
voIvement of biotin in glucose metabolism has 
been suggested (9),  and recently we have re- 
ported ( 10) reduced incorporation of 14C02 
into gIucose in biotin-deficient rats. The con- 
version of pyruvate to phosphoenolpyruvate 
(PEP) is a crucial step in the synthesis of 

* T h k  investigation was suppoFted by USiPHS 
Research Grants AM-04790, AM-08242, and CA- 
06276 from Inst. of Arthnitis and Metab. Dis. and 
Nat. Cancer Inst. 

glycogen or ghcose from precursors of pyru- 
vate in liver. The formation of phosphoenol- 
pyruvate could occur through the reversal of 
the glycolytic reaction catalyzed by pyruvate 
kinase, but the physiological significance has 
been questioned on energetic grounds ( 1 1). 
The fact that phosphoenolpyruvate could be 
formed from oxaloacetate by phosphoenolpy- 
ruvate carboxykinase ( 1 2 )  would suggest that 
PEP might be formed by a route which by- 
passes pyruvate kinase. In addition oxalo- 
acetate can be formed by carboxylation of 
pyruvate by pyruvate carboxylase ( 7,8). 
These reactions are as follows: 

Acetyl CoA, Mg++ 
> 

Pyruvate earboxylase 
T Pyruvate  + GO, + A T P  < 

osnloacetatc + ADP + Pi 

Mn++ 
I1 Oxdoacetate + ITP i > 

(or  GTP) PEP carboxykinase 
Phosphoenol pyruvate + CO, + I D P  + Pi 

(or GDP) 

I t  is reported( 7,8) that pyruvic carboxylase 
is a biotin-containing enzyme, and that this 
reaction may become rate limiting in glucose 
formation from lactate or pyruvate in biotin- 
deficient animals. To test this hypothesis 
liver slices from normal and biotin-deficient 
rats were incubated with pyruvate-2-14C and 
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TABLE I. Incorporation of Pyruvate-2-'*C into G ~ L W O W ,  Glycogen arid I t s  Oxidation by Liver Slices 
Incubated fo r  90 Minutes from Noriii:il and Biotin Deficient Animals." 

CO, Glycogen Animal No. of weeks Glucose 
preparation o n  diet pmoles/g C.P.M./g piides/g C.P.M./g C.P.M./g 

~ 

Normal t 8 88 t 8.2 6880 2 9 0 0  92 t 6.8 880 2 8 6  26,000 2 3200 
Biotin deficient 4 8 92 & 8.6 6430 2 9 3 0  90 2 7.2 1020 2 80 24,600 2 2300 

Biotin deficient 4 103 & 9.6 5400 t 600 80 & 7.3 620 2 56 24,000 2 1800 
G 9G 2 8.5 3600 k 3 5 0  78 8.0 410 2 45 18,000 -t. 1600 
8 83 & 7.6 2800 2 3 0 0  7 5  2 7.G 360 & 38 12,800 & 1400 

supplemented 
with biotin 

,, 9 ,  

,, > ?  

,, 
" 3 8 98 & 11.2 GO60 ? GOO i 9  & 6.8 4G0 30 20,200 2 2100 

*Approximately 0.5 g of liver slices from normxl :i i it l  biotin dcficient alinials were incubated in  6 
nil of Ringer-bicarbonate medium containing pyruvatc-2"C (2-2.5 X lo5  cpm) at a concentration of 1 
nig/rnl. Each figure represents average of 4 values with st:uidard error. 

t Received casein diet. 
$ Received biotin deficient diet and mere injected with biotin. 
3 Tliese animals were fed biotin deficient diet f o r  8 weeks and then given 50 y of biotin intraperi- 

toileally twice daily aiiil were killed 48 hours after adiiiiiiistrntioii of biotin for  i n  citro studies. 

recovery of labeled carbon in glucose, glyco- 
gen and CO2 determined. In addition activi- 
ties of pyruvate carboxylase and PEP car- 
boxykinase have been assayed under similar 
conditions. 

Experimental procedures. Animals: Pro- 
duction of biotin deficiency. Weanling male 
rats of the Sprague-Dawley strain weighing 
35-40 g were divided into 3 groups of 36 
animals each and were fed ad libitum on 
normal, biotin-deficient diet with 30% egg 
white ( 13 ) purchased from General Biochemi- 
cals Corp. (Chagrin Falls, Ohio; Bulletin D15, 
p. 8, biotin-deficient rat test diet) and biotin- 
deficient diet supplemented with biotin (20 y 
of biotin per rat was administered intraperi- 
toneally, twice weekly). Normal animals re- 
ceived complete diet of the following com- 
position: Casein, 18.0% ; sucrose, 72.0%; 
salts, 446( 14), 4 % ;  corn oil, 4%. The ration 
was supplemented with vit A (20,000 U.S.P. 
units per kg), vit D (2,000 units per kg) and 
vit E (100 mg per kg).  All the B vitamins 
were added at  adequate 1evels.t The animals 
were housed individually in wire belttom cages 
and maintained for 8 to 10 weeks. The rats 
were weighed twice weekly. Reduction in 
growth rates as reported previously( 10) along 

t Following B vitamins were added: 25.0 mg 
thiamine hydrochloride ; 10.0 mg riboflavin ; 40.0 mg 
calcium pantothenate; 100.0 mg nicotinic acid; 6.0 
mg pyridoxine hydrochloride; 0.6 mg bi3tin; 0.4 mg 
folic acid; 1.0 mg 2 methyl-1-4-naphthoquinone and 
50 y of vit. B,, per kg of diet. 

with usual signs of deficiency, e.g., loss of 
weight, spectacled eye, dermatitis and alo- 
pecia, were used as criteria for production 
of the vitamin deficiency. The normal ani- 
mals weighed 180 rt: 15, 210 i- 18, and 230 
t 20 g at  the end of 4, 6, and 8 weeks. 
Corresponding weights for biotin-deficient 
animals were 130 t 12, 120, t 8, and 
116 t 11 g, and those for biotin-deficient 
diet supplemented with biotin were 168 t 
12, 187 -+ 20, and 210 t 25 g. 

Studies with liver slices. Liver slices pre- 
pared as described previously (9)  from nor- 
mal and biotin-deficient animals were incu- 
bated in Ringer-bicarbonate medium equili- 
brated with 95% 0 2 ,  5 %  CO,. Pyruvate- 
214C (specific activity 2.72 mcJmM) was 
diluted with non-radioactive K pyruvate and 
added to the medium to give an initial con- 
centration of 10 mmoles. Approximately 0.5 
g of liver slices weighed on a Roller Smith 
Torsion balance was incubated in 6 ml of 
medium containing from 2.0 to 2.5 X lo5 
cpm of labeled substrate. After 90 minutes 
incubation, tissues were analyzed for glyco- 
gen and medium for gluocse and COZ. Glu- 
cose and glycogen were isolated as phenyl- 
glucosazone and COz as BaC03 for radio- 
activity assay( 15). The results of this study 
are given in Table I. 

Studies on stability and extraction of pyru- 
vate carboxylase from normal and biotin-de- 
ficient animals. Livers from normal and bio- 
tin deficient animals were homogenized in 
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TABLE 11. Pyruvate Carboxyla.se Activity in Normal and Biotin Deficient Animals (6  Weeks) 
Under Various Conditions of Preparations.* 

Temperature Normal Biotin deficient 
Preparation prepared (pmoles CO, fixed/g/hr) (pmoles CO, fixed/g/Br) 

~ ~~ ~ ~~~~ ~ 

Mitochondria Room 1.8 2 0.12 1.2 2 0.11 

9 ,  0.88 2 0.07 

7 ,  supernatant 12.3 & 1.3 5.6 k 0.66 
Mitochondria 2°C 13.5 f 1.5 6.9 4 0.88 
Supernatant 1.2 & 0.13 

*Mitochondria and supernatant equivalent to 50 nig of fresh liver were incubated as de- 
scribed in Experimental Procedures. Each figure is :iver:ige of 4 values with standard error. 

TABLE 111. Pyruvate Carhoxylaae and PEP C:irl)osykiiiasc Activity in  Cell-free Preparations 
from Livers of Normal and Biotin Deficient Animals.* 

No. of weeks Pyruvate carboxylase PEP carboxykinase 
Ailimal preparation on diet (pnioles CO, fixed/g/hr) (&moles CO, fixed/g/hr) 

17 

Normal t 8 
Biotin deficient: 8 

Biotin deficient 4 
ti 
8 

” 9 8 

supplemented 
with biotin 

9 9  ?, 

9 9  9 9  

9 9  

12.8 f 1.10 
12.2 _+ 1.3 

9.6 & 0.85 
6.0 % 0.73 
3.4 & 0.41 
9.8 & 0.80 

3.4 0.42 
3.2 _+ 0.4 

3.3 f 0.35 
2.8 & 0.32 
1.9 -t 0.23 
2.4 t 0.32 

~~~ 

* 0.5 ml of supernatant obtained after centrifugation a t  105,0010 X g was incubated with 
the necessary cofactors as described previously. Each figure is average of 4 values with standard 
error. 

t Received casein diet. 
3 Received biotin deficient diet a n d  were injected with biotin. 
9 These animals were fed biotin deficient diet for 8 weeks and then given 50 y of biotin intra- 

peritoneally twice daily and were killed 48 hr after ;tdnlinistrntioii of biotin for in vitro studies. 

0.25 M sucrose ( 1  g liver/2.5 ml 0.25 M 
sucrose) at  room temperature and at  2°C and 
centrifuged at  600 X g to remove nuclei. 
After removal of the nuclei the homoge- 
nate was centrifuged at  10,000 X g for 
15 minutes to obtain mitochondria frac- 
tion, and after removal of mitochondria 
was again centrifuged at  105,0001 X g 
to obtain the supernatant fraction. The 
mitochondria and supernatant fractions were 
then assayed( 7,8,16) for pyruvate carboxyl- 
ase activity with 20 pmoles of K pyruvate, 
50 pmoles of NaHC03 (5.0 pc), 3.3 pmoles 
MgC12, 1.25 pmoles ATP, 0.38 pmole Acetyl 
CoA and 50 pmoles of Tris HCl p H  7.4 in 
a total volume of 1 ml. The results are given 
in Tables I1 and 111. 

Studies on PEP carboxykinase activity in 
normal and biotin-deficient animals. PEP 
carboxykinase activity was measured by the 
method of Utter and Kurahashi(l7). The 
livers from normal and biotin deficient ani- 
mals were homogenized in 0.154 M KCl (1 g 
liver/2.5 ml) and centrifuged at  105,000 

X g for 60 minutes. The supernatant frac- 
tion obtained was incubated with 50 pmoles 
of NaHC03 (5.0 pc) ; 20 pmoles of oxalo- 
acetate, 2 pmoles of MgCl2 and 2 pmoles 
inosine triphosphate. A t  the end of a 10- 
minute incubation period, solutions were de- 
proteinized with 0.5 ml of 10% trichloro- 
acetic acid and protein removed by centri- 
fugation. The supernatant fluid was gassed 
for 10 minutes with C02 to remove any excess 
of I4CO2 and an aliquot was counted in an 
anthracene packed cuvette in a Packard Scin- 
tillation Counter. The results of the study are 
given in Table 111. 

Studies on pyruvate utilization b y  liver 
homogenates and 105,000 X g supernatant 
from normal and biotin-deficient animals. 
The liver homogenates and 105,000 X g su- 
pernatalit fractions were prepared as de- 
scribed previously and were incubated with 
non-radioactive pyruvate for thirty minutes. 
At the end of incubation, unused pyruvate 
was measured by the procedure of Tonhazy 
e.t al( 18). The results are given in Table IV. 



18 BIUTIN DEFICIENCY ON PYRUVATE METABOLISM 

TABLE IV. Utilization of Pyruvnte 1~y Liver Honiogenates and 105,000 X g Supernatant. 

No. of w w k s  Horiiogcnatc Supernatant 
Aiiimal p rc l~~ : : ' t i o i i  o i i  (litit (piiiolt1s/g/ 10 r i i i  11) (pinolcs/g/lO min) 

Nor i n  a1 * 8 38.3 & 3.6 21.5 2 2.8 
Biotin deficicntt 8 42.6 2 4.2 24.8 _t 3.0 

Biotin deficient 4 31.6 2 3.0 15.8 -+- 1.2 
6 26.2 2 2.5 12.8 t 1 . G  
8 21.3 2 2.1 10.6 & 0.9 

supplemented 
with biotin 

7 9  ,, 
7 7  , 7  

* Received casein diet. 
t Received biotin deficient diet anti were injcctcil with biotin. 

Results. The results from Table I indicate 
that rats on biotin-deficient diet for 4 weeks 
show no difference in utilization of pyruvate- 
214C to 14C02. These results are in agree- 
ment with earlier studies in which rats fed 
biotin-deficient diet for 4 to 5 weeks were 
used. I t  was observed that oxidation of C14 
glucose to l T O 2  was unaltered in biotin-defi- 
cient animals (4 weeks on biotin-deficient 
diet) as compared to normal. However, there 
was a significant decrease in C1.'02 incorpo- 
rated into glucose in vivo but no effect in 
vitro in early periods of biotin deficiency. The 
present studies from Table I further indicate 
a progressive decrease in conversion of pyru- 
v a t e - 2 Y  into glucose in biotin-deficient ani- 
mals with increasing duration of the vitamin 
deficiency (6  to 8 weeks). Similarly, a de- 
crease in oxidation of pyruvate to C02  was 
also observed. A small decrease in glycogen 
activity was also observed. However, levels 
of medium glucose or liver slice glycogen were 
unaltered significantly in biotin deficiency. 

Table I1 summarizes pyruvate carboxylase 
activity observed in mi tochondrial and super- 
natant fractions of livers of normal and bio- 
tin-deficient rats. When liver homogenates 
were made at  room temperature, most of the 
pyruvate carboxylase activity was present in 
105,000 x g supernatant fraction. On the. 
other hand, when homogenates were prepared 
a t  2"C, this enzymatic activity was present 
in the mitochondria1 fraction. Pyruvate car- 
boxylase activity was quite stable a t  room 
temperature, and no loss of activity was ob- 
served when preparations were allowed to 
stand at  room temperature for 30 minutes, 
but this activity was lost on freezing the su- 
perna tan t fraction. 

Pyruvate carboxylase and PEP carboxyki- 

nase activities observed in biotin-deficient 
animals a t  various stages of deficiency are 
summarized in Table 111. Pyruvate carboxyl- 
ase activity markedly decreased with severity 
of biotin deficiency whereas only a small but 
significant change was observed in PEP car- 
boxykinase activity in the corresponding pe- 
riod as compared to normal. Furthermore, 48 
hours after in vitro administration of biotin 
to biotin-deficient animals pyruvate carboxyl- 
ase activity was almost restored to normal 
levels whereas PEP carboxykinase activity 
was only slightly altered. The results in Ta- 
Me IV also show a decreased utilization of 
pyruvate in liver homogenates of biotin-defi- 
cient animals as compared to normal liver 
preparations. In  addition, homogenates were 
more effective in pyruvate utilization as com- 
pared to supernatant preparations. 

Discussion. The decreased conversion of 
pyruvate-214C into glucose in biotin-deficient 
animals may be due to the decrease in pyru- 
vate carboxylase activity in biotin-deficient 
animals. This decrease in enzymatic activity 
will probably lead to decrease in oxaloacetate 
formation and its conversion to phosphoenol- 
pyruvate by PEP carboxykinase. Both of the 
enzymes are decreased under these condi- 
tions. The increase in blood pyruvate ob- 
served by Terroine(6) may be explained on 
the basis of the present results which show a 
decreased utilization of pyruvate in biotin- 
deficient animals. 

Pyruvate carboxylase which is a mitochon- 
drial enzyme can be easily extracted from 
this fraction at  room temperature. I t  is prob- 
able that this enzyme is leached out of the 
mitochondria a t  room temperature. That the 
decrease observed in pyruvate carboxylase is 
a true decrease and not due to reduction in 
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the enzymatic activity in the extraction may 
be seen from Table I1 which shows very little 
activity left in mitochondria1 preparations in 
both deficient and normal preparations. Kos- 
cow and Lane( 19) have observed a reduction 
in the biotin containing enzymes in biotin de- 
ficiency. The present results on pyruvate 
carboxylase are similar to those reported by 
these workers on other biotin containing en- 
zymes ( 19). 

Suminary. Biotin-deficient animals show a 
reduction in incorporation of pyruvate-214C 
into glucose with progressive onset of the de- 
ficiency. The oxidation and utilization of py- 
ruvate is reduced by 50 per cent. The pyru- 
vate carboxylase activity was greatly de- 
creased whereas PEP carboxykinase activity 
was found to be slightly decreased in biotin 
deficiency. In vitro administration of biotin 
to biotin-deficient animals almost restored the 
pyruvate carboxylase activity and PEP car- 
boxykinase activity was only slightly altered. 
In addition, it is observed that pyruvate car- 
boxylase can be extracted from the mitochon- 
dria by homogenizing at roum temperature 
and is quite stable under these conditions. 
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Effect of Folic Acid and Vitamin BI2 on Excretion of Hippuric Acid 
And Formiminolglutamic Acid. (30685) 

RYLAND E, WEBB,* ELLEN SHAH AND E. L. R. STOKSTAD~ 
American Cyanamid Co., Pearl River, N .  Y .  

I t  is well established that a folic acid de- 
rivative is required for the conversion of ser- 
ine to glycine ( 1,2), and there is evidence that 
the glycine in the body is derived from serine 
( 3 )  which, in turn, is derived from glucose. 
Since glycine is required for the formation of 

hippuric acid in the detoxification of benzoic 
acid, it seemed possible that the formation of 
hippuric acid would be decreased by a folic 
acid deficiency. Similarly, the toxicity of ben- 
zoic acid might be expected to be increased 
by folic acid deficiency because of reduced 
ability to form glycine for detoxification of 

Nutrition, Virginia Polytechnic Institute, Blacksburg. acid* This be true 

Univ. of California, Berkeley. The present study was initiated to deter- 

* Present address: Dept. of Biochemistry and 
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