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ABSTRACT

RADIOACTIVE EGGS. III. DEGRADATION OF YOLK GLYCEROL*

by
David Kritchevsky and S. Abraham

Radiation Laboratqry and Department of Physiology,
University of California, Berkeley

ABSTRACT

February 21, 1952

The labéled’glyeerol obtained from the-eggs of a hen,continuouély fedv
sodium acet&te~1=014lfor 7 days has been degraded By twb'methodsf The general
pattern of activit&*distribution 15786~88% in the terminsl carbon atoms and
12-14% in the middle earbon atom. 4 mechanism that might eXpiain fhese results

has been suggested.

For publication in Archives of Biochemistry and Biophysics

(*) This work was sponsored by the U.S. Atomic Energy'Commission°
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RADIOACTIVE EGGS° III. DEGRADATION OF YOIK GLYGEROL"

by
David Kritchevsky and S. Abraham.

Radiation Laboratory and Department of Physiology,
University of California, Berkeley

(%) This work was sponsored by the U.S. Atomic Energy Commission.

The distribution of radioactivity in the eggs and in the yolk products follow=..
ing the continuous feeding of sodium acetate-1-C% ¢o a laying hen has bgen des-
cribed (1,2). This report describes the distribution of radiocactivity in the
glycerol obtained from-eight of the ten yolks. These yolks represent seven eggs
layed by the-hen and two large ova and the combined small ova obtained after
sacrifice of -the animal.

The -glycercl samples were all obtained by saponification of the tribenzoate
derivatives -of the original glycerol samples. Two methods of degradation have
been employed and in several ceses both methods were used on. the same sample,
with duplication of results. The methods used were either lesd tetraacetate oxi-
dation (3) which leads to the following productss |
Pb(@A@)4

HOH-CCHOKCH-0H ————o—3 2HCHD + 00
@ @ 3 W) e
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or sodium periodate oxidation (4) which proceeds in the following manners

N8104
HQOH>CCHOHCHoOH > 2HCHO + HCOCH
1) () 13) we) (2
KMzO, Bg(OAc)z
COo2 CO2
WG @

By these methods it is impossible to distinguish between carbon atoms 1 and 3

of glycerol, but the symmetry of the molecule obviates the necessity for this

distinction,
' TABLE 1
dctivity of Glycefol Carbon Obtained in
Degradation

Yolk No. . €1,637* 2(C1 + €3) c2 2(52)
1 4 100 0 0
2 23 88 6 12
3 lost ‘
4 lost
5 31 86 10 1
6 34 86 11 14
7 68 86 22 14
8 23 88 6 12
9 30 | 88 8 12

10 ’ ’ 406 ) 86 105 . ].4

# A1l activities given as counts/min./mg.BaC03
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Experimentals - All radioéctiviﬁy determinations were performed using BaG03 plates
prepared after the procedure of E%tenman-g& al. (3). Counting data were obtained
by using an-end window counter and are expressed &s counts/min,/mgoBaGOB using
40.0 mg. as a standard weight. The totel glycerol activity was determined using
the wet combustion method described by Van Slyke and Folch {6). Each radicactive
glycerol sample was diluted to 250 mg. with inactive glycerol and dissolved in
absolute ethanol to imsure complete-mixing; The ethanol was removed under reduced
pressure gt room temperature. -Representative experiments using both methods of
oxidation are described below.

Lead Tetraacetate Oxidation: - A portion of the diluted glycerol (62 mg.) was dis-

solved in 2 ml, of distilled water and 1 ml. of the resulting solétion was oxidized

with 1.42 g. of Pb(OAc)4 for / hours at 40-42° using the method already described (3).

The evolved>cafbon dioxide was collected in sodium hydroxide and precipitated as

barjum carbonate. This carbon dioxide represents carbon atom 2 of glycerol., The

solution was then made basic and the formaldehyde representing carbon atoms 1 and

2 was distilled and oxidized to carbon dioxide in a manner described below.,
Two'experiments using inactive glycerol revealed that 99,0% and 99.7% of

the theoretical amount of carbon dioxide is liberated under these conditions.

Sodium Periodate Oxidation; - The diluted glycerol (92 mg.) was dissolved in & ml.

of distilled water and after 8 ml. of 0.37 M sodium periodate was added, the result-
ing oxidation mixture was allowed to stand at room temperature fHor one hour. After
one hour 16 ml. of 1 N hydrochloric acid and 30 ml. of 1.2 N NapHAsO3 were added,
the solution made basic to phenol red, and the formaldehyde (representing carbon
atoms 1 and 3 of glycerol) was distilled. One g.. of EMnOy was added to the dis-

tillate and the solution heated under reflux in-a current of carbondloxide-free
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air. The carbon diocxide resulting from this oxidation was collected in sodium
hydroxide and precipitated as barium cerbonate.

Experiments usihg inactive glycerol showed that 94-96% of the theoretical
amount of formic acid is formed in this reactiongl.Van Slyke-Folch oxidation of
a 62 mg. sample of glycerol yielded §9=100% ﬁheoretical amounts of carbon dioxide.

Comparison of Methods: - The tebrascetate oxidation of glycerol No. 10 showed a

specific activify of 1.5 forvcafbon atom 2 of the glycerol. In the periodate oxi-
dation, after thevformaldehyde-had been diétilled, the residue was acidified and the
formic acid distilled. Oxidation of this formic acid with mercuric acetate yielded
barium carbénate of specific activity of 1.6. The specific activities of the gly-
cerol from yolks 1, 2 and 6 were 2.7, 17.4 and 260.;2,'fespective1yo To compare this

with degradation date we find:

Yolk 13 €1 + €2 + €3 = 4 + 0 + 4 = 8 8/3 = 2.6
Yolk 2: CGL + €2 + €3 =23 + 6 + 23 = 52 52/3 = 17.6
Yolk 65 €1 ¢+ €2 + €3 =34 ¢ 11 + 34 =74 74/3 = 26.3

- Discussion: = The salient feature of the combustion data is that in 2ll but one
case 86-88% of the total glycerol activity is in the terminal carbons and 12=iA%
in the middle carbon atom. The lone discrepancy is in the first yolk glycerol and
it must be pointed out that were there even one count in carbon 2 the percentages
would be 89% for Cl + C3 and 11% for C2. The low level of activity in this sample
could cause such an error.

The fact that the hen.was being fed labeled acetate throughout the initial
labeling experiment (1) can account for the constant labeling observed. These
data suggest an equilibrium between the formation and recycling of the glycerol.
Such a scheme would involve the conversion of the carboxyl-labeled acetate to a

symmetrical, carboxyl-labeled succinate via the Krebs cycle. The conversion of
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carboxyl-labeied gcet&te to carboxyl-labeled succinic acid in rats has recently

been demonstrated (7). This, in turn; could go to a cerboxyl-labeled pyruvate by

way of oxalacetate. Such a labeled pyruvate would give a one-lsbeled dihydroxyacetons
monophosphate which; in turn, would give a glycerol labeled in the terminal carbon
atoms. The resulting glycerolQI,BuCIA could recycle to give pyruvate labeled in

both the methyl- and carboxyl-carbon atoms. The irreversible decarboxylation of this
pyruvate would yield:a-methylalabeleﬁ acetate fragment which would enter into the Krsbs
gycle to give-gly@er@l=2=014 by the steps outlined above, The-cl402 resulting from
decarboxylations of intermediates in the metabolie scheme would again be fixed im

" such a manner as to give rise to terminal labeled glycercl. According to curreant
concepts, these decarboxylations could in no case account for the labeling of the
middle carbon atom,

Such -& scheme could account for the‘labeiing pattern as cbserved and the
earlier indl&sion of the carboxyl-=labeled acetate moiety can explain the higher acti-
vity of the terminal carbon atoms. Had the original feéding»experiment not been
stopped after exhaustion of the labeled feed, the glycerocl from subssquent yolks
might eventually have apprcached uniform labeling. The suggested scheme is pre-
sented graphiéally in Figure 1. \

. Other investigators have suggested a symmetrical thres-carbon intermediate
in the glycolytic scheme. This has been p@stulated in the case of conversion of

glucose-1-Cl4 to lactic acid by Lactobacillus cassii (8,9). A symmetrical three-

carbon intermediate has also been postulated in the alecholie fermentation of glu=-
cose by yeast (10).

Inasmuch as such a symmetrical three=carbon atom intermediate has not been
demonstrated in animal experiments, the above scheme has not taken such a step into
account. It should be borne in mind, however, that a mechanism involving a symme-

trical three-carbon intermediate (dihydroxyacetone or dihydrcacetone diphosphate)
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could alsc be operative to give labeling as observed.

SUMMARY
The labeled glycerol obtained from the eggs of a hen continuocusly fed sodium
acetate=1=014 for seven days has been degraded by two methods. The general pattern
of activity distribution is 86-88% in the terminal carbon atoms and 12-14% in the

middle carbon atom. A mechanism that might explain these results has been suggested.
REFERENCES
(1) D, Kritchevsky, C. R. Grau, B, M. Tolbert and B. J. Kruesckel, Proc. Soc.
Exptl. Biol, Med., 76, 741 (1951).
(2} D. Kritchevsky and M. R. Kirk, Proc. Soc. Exptl. Biol. Med., 18, 200 (1951).
(3) S, dbraham, J. &m. Chem. Soc., 72, 4050 (1950).

(4) L. Malaprade, Compt rend., 186, 382 (1928).

(5. 5. Fmtenman, 8. R. Lerner, I. L. Chaikoff and W. G. Dauben, Proc. Soc. Exptl.
Biol, Med., 7Q, 364 (1949).

(6) D. D, Van Slyke and J. Folch, J. Biol. Chem., 136, 509 (1940).
(7) J. 8. Lee and N. Lifson, J. Biol. Chem., 193, 253 (1951).
(8) S. Aronoff, V. A, Haas and B, Fries, Science,110, 476 (1949},

(9) M. Gibbs, R. Dumrose, F. A. Bennett and M. R. Bubeck, J. Biol. Ghemo,
184, 545 (1950).

(10) D. E. Koshland and F., H, Westheimer, J. 4m. Chem. Soc., lmg 3383 (1950},



UCRL-1684,

FIGURE 1 - SUGGESTED SCHEME TO ACCOUNT FOR OBSERVED
LABELING

* v
[ors-c™o- ] +  cooH-G-CH-COOH = >~ HO0C-G=CH-COOH
o -

|

HOOC™ ~CHp-~CHp~C~COOH = HOOG™ - CH2~CH-GOOH
g beo
COOH :
0*02
*
HOOC™ ~CH2-CHp-C*00H — >~ C°Hy-C0-C 00H === HOC"H,~C0-CC-H0P0 3H2
1
c*0s
{
o :] o (%
[ cot;-co- . HOGOH,-CHOH-G H,OH

/F

via outlined mechanism

1
HOCHy~C HOH-CHo0H

* denotes atom labeled in original feeding

o denotes atom labeled in recycling





