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with antibody ("precipitating") to TI;. These 
studies did not resolve the precise location 
(outside or inside the cell) of the B12-"7C'o in 
the ileal extracts. 

Summary. Sequential incubation studies 
using everted sacs of guinea pig small intes- 
tine and vitamin B12 labeled with two differ- 
ent isotopes of cobalt, ''"Co and "'Co, showed 
that IF-saturated with B12, could effect spe- 
cific attachment of the complex to distal sacs. 
In a subsequent incubation I F  could: ( i )  
mediate in specific fashion (not exchange) 
the uptake of additional B12, ( i i )  interact 
with TF-"blocking" antibody, and (iii) be 
partially dissociated by EDTA from the sac 
(in a form biologically active for this system 
and retaining spec'ificity of activity) leaving 
its B12 attached to the mucosa. These results 
were interpreted to indicate that, in this 
experimental system, IF is not absorbed into 
the intestinal cell during the B12 uptake that 
'is mediated by intrinsic factor. 

We wish to express our gratitude to  Miss Barbara 
Peart for expert technical assistance and t o  Mrs.  
Elizabeth White for assistance with this manuscript. 
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The Metabolisin of Acetate-l-lT in the Day-Old Chicken (33391) 

JOHN B. ALL RED^ AND F. H. KRATZER 
Departnzent of Poultry Husbandry, UnivPrsity of California, Davis 95616 

I t  has been repeatedly demonstrated that a 
large variety of animals develop ketosis 
when their diet contains a high proportion of 
lipid relative to carbohydrate ( 1 ) . However, 
the chick embryo (2) as well as growing 
chicks (3, 4 )  can utilize diets essentially de- 
void of carbohydrates without developing 
ketosis. Since the enzymes necessary for ace- 
toacetate biosynthesis are demonstrable in 

1 Recipient of Fellowship GF-1299.5. Division of 
General Medical Science, Public Health Service. 
Present address: Institute of Nutrition and Food 
Technology, The  Ohio State University, Columbus, 
Ohio. 

chick liver ( 5 )  and ketosis can be produced 
i f  fatty acids furnish all nonprotein calories 
( 4 ) ,  the lack of ketosis in the chicken can 
not be attributed to an inability to synthesize 
ketone bodies. 

Ketosis could be avoided, however, if the 
chick could perform a net synthesis of carbo- 
hydrate from acetate via some pathway 
which is not physiologically important in oth- 
er animals ( 6 )  but may become important in 
the developing chick where lipid 'is the only 
available energy source. Three possible path- 
ways which could account for a net synthesis 
of carbohydrate from acetate are: (a) initial 
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T A B L E  I. Isotopes Irijccteil aiitl Pci*cciit:igc Oxi- 
dized t o  Carbon Dioxide i n  2.5 lir. 

Amount  
i n j  ec t crl 

(iuCi/g of Recovc~rcil 
Coinpoixnds injected" bocly wt.)" i n  CO, (%)  

Sodium a ~ e t a t e - l - ' ~ C  6.20 36.3 
Sodium acetate- 1 -''C 0.71 40.5 
Glucose-U-"C 0.11 26.2 
Ace tone- 2 -W 3.95 0.9 
Glyoxylic acid-l,2-"C 0.28 7.8 

a Purcliased f rom Volk Chemical Co., TAOS An-  
g e l ~ ~ ,  except glpoxylic ncid-l,2-"C W I R  f rom Cali- 
f ornia  Corporation f o r  Eiochcniical Research, Los 
Angeles. 
' Determined by wet conibustioil (1 5 )  of ;I sainple 

of solution injected, except tha t  iiiariufacturers d a t a  
was used for acetone-2-"C. Sequential analysis (12 )  
showed t h a t  99.9% of the 1:tbel in acetate was in 
the cnrboxyl carbon. 

synthesis of acetoacetate, which then is con- 
verted to a glycolyt'ic intermediate via either 
acetone ( 7 )  or pyruvaldehyde (8) ,  (b) syn- 
thesis of butyrate which is converted to suc- 
cinate by o-oxidation (9),  or (c) synthesis of 
malate via the glyoxalate bypass (10, 11).  
The first of these would not only decrease 
ketone body synthesis by making carbohy- 
drate available, but would also reduce circu- 
lating ketone bodies by ut'ilization. 

Utilization of acetate by any of these path- 
ways can be distinguished from its oxidation 
by the classical citric adid cycle by injecting 
acetate- 1 -14C and measuring incorporation of 
radioactivity into amino acids ( 12). Using 
this techn'ique, i t  was found that acetate is 
metabolized primarily via the citric acid cy- 
cle and that, if any of these spec'ial pathways 
are present in the chick, they are of limited 
importance. 

Materials and Methods. Day-old, unfed 
chickens were injected intraperitoneally with 
the radioactive compounds shown 'in Table I. 
The chicks were placed in a glass metabolism 
cage that was slowly swept with carbon diox- 
ide-free air. Respiratory carbon dioxide was 
trapped in 1.0 N sodium hydrodide, precipi- 
tated as barium carbonate and assayed for 
radioactivity using a thin-window, gas flow 
detector. 

After the chicks injected with the larger 
amount of acetate-l-I4C were in the metabo- 
lism cage for 2.5 hr, they were decapitated. 
Livers were removed, homogenized in dis- 
tilled water and liver protein was precipitated 
with a 2070 trichloroacetic acid solution. The  
precipitated protein was thoroughly washed 
with the trichloroacetic acid solution and 
hydrolyzed with 6 N hydrochloric acid for 
2.5 hr under reflux conditions. The  hydroly- 
zate was decolorized with activated char- 
coal, and alanine, aspartic acid, glutamic acid, 
glycine, and serine were separated with ion- 
exchange chromatography ( 1 3 ) .  Further pur- 
ification of these amino acids was accom- 
plished with paper chromatography using 
phenol-ammonium hydroxide-water (2010: 1 : 
20) and butanol-acetic acid-water (60: 25: 
15) as developing solvents. Radioactivity of 
the purified amino acids were measured by 
counting an  infinitely thin sample. Amino acid 
concentration was measured by the ninhydrin 
method (14) and specific activity was calcu- 
lated. 

Carrier alanine was added to a solution of 
radioact'ive alanine obtained by the isolation 
technique described above. The solution was 
evaporated to dryness at room temperature 
under reduced pressure and redissolved in a 
minimum amount of 1.0 N hydrochloric acid. 
Propylene oxide was added to destroy the 
excess acid. Alanine was crystallized by ad- 
ding a mixture of acetoneethanol (1 : 1 ) .  Af- 
ter recrystallization, the alanine was degrad- 
ed sequentially (12) and the carbon dioxide 
from each carbon was recovered as  barium 
carbonate and assayed for radioactivity on 
infinitely thick planchets using a gas-flow de- 
tector. A sample of alan'ine was also com- 
pletely oxidized to carbon dioxide by  wet 
combustion (15) to check recovery of radi- 
oactivity obtained from the stepwise degrada- 
tion. The same procedures were used to iso- 
late amino acids from carcass prote'in and 
measure their specific activities as well as 
determine the distribution of radioactivity 'in 
alanine. 

Results. The chicks readily metabolized 
the injected acetate as shown by the percen- 
tage of isotope expired as carbon dioxide 
(Table I). Another 15% of the injected iso- 
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tope was associated with carcass and liver 
protein at the time of killing. Oxidation of 
glucose, glyoxylate, and acetone to carbon 
diox'ide is also shown in Table I for compari- 
son. Injected glucose was utilized readily but 
glyoxylate was oxidized much slower, and 
acetone was not metabolized to COZ. 

Distribution of radioactivity in alan'ine, 
isolated from hydrolyzates of carcass and liv- 
er protein, was obtained by sequential degra- 
dation (Table 11). Recovery of radioactivity 
using this technique agreed very closely with 
values obtained by total combustion and 
showed that alanine was labeled predomi- 
nantly in the carboxyl carbon when acetate- 
1-l4C was injected. 

The relative specific activity of glutamate, 
aspartate, alanine, glycine, and serine after 
injection of acetate-l-I4C is shown in Table 
111. Glutamate had the highest specific activ- 
ity, followed by aspartic adid. Of these amino 
acids, glycine had the lowest specific activ- 
ity. 

Discussion. Of the pathways proposed 
which could account for a net synthesis of 
carbohydrate from acetate, conversion of ace- 
tate to pyruvate via acetoacetate seems most 
plausible Since it has been established une- 
quivocally that such a pathway is present in 
animals ( 7 ,  8). Whether such a conversion 
occurs via acetone ( 7 )  or directly from ace- 
toacetate (8), acetate-l-14C would produce 
alanine, the transamination product of py- 
ruvate, labeled exclusively in the alpha posi- 
tion. The fact that a relatively small percen- 
tage of isotope was found in this position in 

T A B L E  11. Intramolecular Distribution of Radio- 
activity in Alanine from Chicks Injected with hce-  

t a t  e- 1 -"C. 

Carcass Liver 
I tem (sp act.") (%) (sp act.") (%) 

COOH 171.6 57.5 319.0 8 i . F  

GH, 1.0 0.6 6.1 1.7 
CHNH, 3.7 2.1 2s.9 7.7 

Av 58.8 118.0 
Total  co~i i -  54.6 121.4 

bii s t i o 11 

a Corrected f o r  dilution and  expressed :is niicro- 
curies per gram atom carbon. 

T A B L E  111. Relative Specific Activity of Amino 
Acids Isolated from Protein Hydrolyzates of Chicks 

a f te r  Injection of Acetate-l-"C. 

Amino acid Carcass Liver 

A 1 m i n e  1.0 1.0 
Glutamate 12.0 10.0 
A spart  a te  5.0 2.0 
Glycine 0.7 0.9 
Serine 0.8 I 

alanine (Table TI) indicates that if such a 
synthesis occurs, it  must be of minor impor- 
tance. The small amount of label 'in the alpha 
and beta position of alanine can readily be 
explained by activity of the hexose mono- 
phosphate shunt ( 16).  Additional evidence 
that acetate is probably not converted to py- 
ruvate via acetone is the demonstration that 
'injected acetone was oxidized to carbon 
dioxide to a very limited extent (Table I ) .  
In comparison, over 30% of the radioactivity 
was recovered as CO2 in 3 hr when acetone- 
2-I4C was injected into rats ( 7 ) .  The rat is 
known to be able to convert acetone to a 
three-carbon glycolytic intermediate but in 
amounts insufficient to be physiologically im- 
portant ( 7 ) .  

Similarly, the data in Table TI can be 
utilized to evaluate the possibility that ace- 
tate is converted to butyrate, which then un- 
dergoes o-oxidation to form succinate and 
finally pyruvate. If pyruvate were synthe- 
sized in this manner, acetate-l-ljc injection 
would result 'in uniform labeling of all three 
carbons of alanine. Again, the data are not 
consistent with significant amounts of acetate 
being utilized for such a synthesis. 

The labeling pattern of alanine cannot be 
used to distinguish between utilization of ace- 
tate via the glyoxylate cycle and its metabo- 
lism in the citric acid cycle. Relative specific 
activity of amino acids (Table 111) 'indicate, 
however, that the glyoxylate cycle is also of 
minor importance if i t  is present, In  this 
cycle, oxaloacetate is an intermediate while 
alpha-ketoglutarate is not. Therefore, signifi- 
cant activity of the glyoxalate cycle would be 
expected to result in greater radioactivity in 
aspartate (the transamination product of ox- 
aloacetate) than glutamate (the transamina- 
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tion product of a-ketoglutarate) . Further, 
since glyoxylate is readily converted to gly- 
cine by transamination ( 17) , glycine would 
also be expected to have a relatively high 
specific activ’ity. Finally, the oxidation of in- 
jected glyoxylate was much more limited 
than acetate. These data are in agreement 
with the observations of Madsen (18), who 
was unable to demonstrate activity of key 
enzymes of this pathway in tissue of chick 
embryos just prior to hatching. 

All of the data presented here are consis- 
tent with the metabolism of the injected ace- 
tate primarily via the citric acid cycle as it is 
in other an’imals. No evidence was obtained 
which would indicate that the chick has some 
mechanism to conserve glucose, since inject- 
ed glucose was readily oxidized (Table I ) ,  
although slightly slower than acetate. The 
relatively large amount of isotope associated 
with protein after acetate-1-I4C was injected 
probably reflects the rapid growth rate of the 
day-old chick. In  the absence of any evi- 
dence of special pathways of acetate utiliza- 
tion, it is concluded that the lack of ketos’is 
in the chicken is the result of a more subtle 
control mechanism of ketone body biosynthe- 
sis, either through reduced enzyme activity in 
uivo or control of substrate ava’ilability. 
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