
1,2-Propanediol-2-Phosphate 

in Ascaris lumbricoides 

Abstract. No phosphagen is present 
in the body-wall muscle of Ascaris 
lumbricoides. A stable phosphorus com- 
pound, which on the basis of its chem- 
ical reactions seems to be 1,2-pro- 
panediol-2-phosphate, constitutes more 
than half of the acid-soluble phos- 
phorus compounds. 

During a study of the acid-soluble 
phosphorus compounds in the body- 
wall musculature of Ascaris we found 
little, if any, phosphagen; the amount 
of phosphorus set free by 1-minute 
hydrolysis in 0.06N sulfuric acid (treat- 
ment which leads to complete hydrol- 
ysis of phosphoarginine) scarcely ex- 
ceeded that expected to be liberated 
from adenosine triphosphate. Colori- 
metric determinations of free and 
bound arginine confirm these findings. 
Stable phosphorus compounds were 
present in unusually high amount; in 
20 experiments, the content of acid- 
soluble phosphorus compounds was 
32.0 + 7.1 1tmole/g and only 11.8 ? 3.2 

,mole/ g were hydrolyzed by boiling 
in 1.ON sulfuric acid for 180 min- 
utes. 

The bulk of stable phosphate was 
not precipitated either by barium alone 
or after addition of alcohol (1). The 
amount of nonhydrolyzable phosphorus 
remaining in the supernatant depended 
on final concentration of the solution: 
in two extracts, 7.7 and 6.7 1tmole/g, 
respectively, remained in solution; the 
corresponding values for the same ex- 
tracts after a 1:10 dilution were 14.5 
and 13.4 Plmole/g. Apparently the 
stable compound in Ascaris muscle 
forms a more soluble salt than most 
other phosphates, but, even so, its solu- 
bility is slight. 

Alcohol was evaporated from the 
supernatant, barium ions were removed 
by a cation-exchanger (Dowex 50 W), 
the acetic acid remaining after addition 
of barium acetate was extracted with 
ether, and the sample was concentrated 
by lyophilization and subjected to elec- 
trophoresis on Whatman No. 3 paper. 
Salicylate buffer (0. IM, pH 3.9) was 
used because it allows the paper to be 
stained with sulfosalicylic acid-ferric 
chloride without decomposing com- 
pounds on the paper. The strip was 
cooled with carbon tetrachloride satu- 
rated with salicylic acid to prevent ex- 
traction of the salicylic acid from the 
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buffer, which was also saturated with 
this acid. The compound appeared as a 
single spot with a mobility of 0.83 with 
respect to inorganic phosphate. It was 
very stable, judged by its resistance to 
hydrolysis in SN sulfuric acid at 100?C; 
after 2, 4, 8, and 16 hours respective- 
ly, the corresponding degree of hydrol- 
ysis was 3.85, 5.65, 11.2, and 23.9 
percent. 

Properties of the unknown com- 
pound indicated that it might be pro- 
panediol phosphate, which is also very 
stable to acid hydrolysis (2, 3); its 
barium salt is a little more soluble in 
alcohol than the barium salts of other 
phosphorus compounds of biological 
origin (1, 4, 5). Both the extracted 
compound and synthetic propanediol 
phosphate prepared from propylene 
oxide and phosphate (6) had identical 
mobility values. 

Upon paper chromatography with a 
mixture of propanol, ammonia, and 
water (7), the synthetic compound 
forms one main spot (RF with respect 
to inorganic phosphate, 1.57)' and 
sometimes another spot with an RF of 
1.28 with respect to inorganic phos- 
phate. Formation of two spots is be- 
lieved to be caused by the presence 
of two isomers of propanediol phos- 
phate (6). The extract from Ascaris 
formed a spot with an RF of 1.28, 
which suggests the presence of 1,2- 
propanediol-2-phosphate. 

The synthetic compound was treated 
with bromine (8), and the reaction 
product was subjected to ionophoresis. 
Two spots appeared: a large one (mo- 
bility 0.90), corresponding presumably 
to acetol phosphate formed from the 
1-isomer (that is, propanediol-1-phos- 
phate) and a smaller spot (mobility 
1.10), corresponding to lactic acid-2- 
phosphate derived from propanediol-2- 
phosphate (8). The compound ex- 
tracted from Ascaris lumbricoides and 
purified by ion-exchange chromatogra- 
phy gave only the spot with a mo- 
bility of 1.10 when treated with bro- 
mine. This is further evidence that the 
extracted compound is 1,2-propanediol- 
2-phosphate. 

Propanediol phosphate found in 
small amounts in brain (2, 5), liver 
and kidney (1, 9), Flexner-Jobling car- 
cinoma (4, 10), and in the lens (11) 
has been reported to be the 1-phos- 
phate, but little is known of its phys- 
iological function (8, 12, 13). The 
high accumulation of the compound 
in Ascaris lumbricoides suggests other 

than metabolic functions. It may, for 
example, contribute as nonpermeating 
anion to the osmotic balance of the 
cells. 
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Glucagon, Starvation, and the 

Induction of Liver Enzymes 

by Hydrocortisone 

Abstract. Glucagon selectively poten- 
tiates an effect of hydrocortisone: when 
injected into adrenalectomized rats it in- 
creases fourfold the induction by hydro- 
cortisone of tyrosine transaminase, but 
not of tryptophan, pyrrolase. Glucagon 
alone doubles the basal level of tyrosine 
transaminase and decreases that of 
tryptophan pyrrolase. The effects of 
glucagon on both enzymes resemble 
those of starvation. 

Since the first observation on the in- 
duction of rat liver tyrosine transami- 
nase by a glucocorticoid (1) in 1955, 
additional inducers have been found 
(2), but none more effective than hydro- 
cortisone. The enhancement, by starva- 
tion, of the hydrocortisone induction of 
tyrosine transaminase that was recently 
observed (3) led us to identify glucagon 
as a new regulatory factor of this 
enzyme. 

Figure 1 shows the different effects 
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of high doses of glucagon on two en- 
zymes, tryptophan pyrrolase and tyro- 
sine transaminase, in two kinds of adre- 
nalectomized rats: untreated ones and 
those injected with hydrocortisone. 
Maximal induction, a 15-fold rise in 
tyrosine transaminase in 7 hours, oc- 
curs in the latter group; hydrocortisone 
or glucagon alone induces only four- 
fold and twofold, respectively. Trypto- 
phan pyrrolase is also induced fourfold 
by hydrocortisone, but glucagon does 
not modify this. Glucagon by itself sig- 
nificantly decreases the level of trypto- 
phan pyrrolase (but not at the lower 
doses used in Fig. 2). All these effects 
of glucagon, as illustrated in Fig. 1, are 
qualitatively similar to those of starva- 
tion. 

In the experiments of Fig. 2, the 
amount of glucagon, injected once or 
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Fig. 1. The induction of tyrosine transa- 
minase (TT, dark bars) and tryptophan 
pyrrolase (TP, light bars) after starvation 
or treatment with glucagon. Three-month- 
old inbred (NEDH strain) female rats 
were used 5 to 10 days after bilateral 
adrenalectomy. T he heights of the bars 
show the percent changes in enzyme from 
those in fed controls (TT -- 66, TP - 3.9 
/moles/hr per gram of body weight, at 
25?C), caused by 24 to 48 hours of starva- 
tion (St), by glucagon (G), by hydrocor- 
tisone (HC), by hydrocortisone in starved 
rats (HC + St), and by the combination 
of hydrocortisone and glucagon (HC + 
G). Glucagon (I mg per 100 g of body 
weight) was injected intraperitoneally 
twice, 7 and 5 hours before assay, and 
hydrocortisone (2.5 mg of the hemisuc- 
cinate per 100 g of body weight) once, 
5 hours before assay. Tryptophan pyrrolase 
and tyrosine transaminase were assayed 
in the freshly prepared soluble fraction of 
individual livers by methods previously 
described (6 ). Each value is a mean of 
results with 5 to 15 rats. The magnitudes 
of the standard errors of the means were 
similar to those in Fig. 2. 
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twice, was varied. It may be seen that 
doses of glucagon that do not induce 
tyrosine transaminase become effective 
in conjunction with hydrocortisone: 
only the highest dose (1 mg twice) 
increases the basal level of tyrosine 
transaminase, but a fifth of this dose 
is sufficient to enhance the induction of 
this enzyme by hydrocortisone. The 
enhancement by two injections of 1 
mg of glucagon is greater than that 
by one, particularly if the second dose 
is given early (2 hours after the first). 
The effect of approximately 0.5 mg of 
glucagon is quantitatively similar to that 
of starvation (indicated by the broken 
line in Fig. 2): it doubles the induction 
by hydrocortisone. 

It is well recognized that in intact 
rats various experimental treatments 
may stimulate the pituitary-adrenal sys- 
tern, with the result that the secondary 
secretion of glucocorticoids induces the 
tyrosine transaminase. The present re- 
sults suggest that other secondary effects 
can occur even in adrenalectomized 
rats: a variety of factors (for example, 
dietary changes) may well induce or en- 
hance the induction of tyrosine trans- 
aminase by stimulating the. secretion of 
glucagon. 

Since the secretion of glucagon 
is inversely related to the level of 
blood glucose (4), starvation might in- 
crease it. Although glucagon has not 
been measured in the starved rats used 
here. the results are consistent with the 
effect of starvation being mediated 
through release of glucagon. This possi- 
bility is reinforced by the fact that 
starvation and glucagon have more than 
one effect in common: (i) both increase 
the basal level of tyrosine transaminase, 
*(ii) both decrease the basal level of 
tryptophan pyrrolase, (iii) neither af- 
fects the induction of tryptophan pyrro- 
lase by hydrocortisone, and (iv) both 
enhance the induction of tyrosine trans- 
aminase by hydrocortisone. The last 
one of these is the largest and physi- 
ologically the most interesting effect. 
In fed adrenalectomized rats, hydro- 
cortisone induces tryptophan pyrrolase 
and tyrosine transaminase to a similar 
extent. In the presence of glucaaon, 
with its striking effect on tyrosine trans- 
arninase, the similarity between the two 
enzymes disappears. Such selective ac- 
tion on enzymes regulated by hydro- 
cortisone suggests that glucagon can 
qualitatively modify the metabolic ef- 
fect of glucocorticoids. 

It has been reported that in isolated, 
perfused livers hydrocortisone itself 
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Fig. 2. The effect of different doses of 
glucagon on tyrosine transaminase and on 
its induction by hydrocortisone. Gluca- 
gon was injected into adrenalectomized rats 
(in amounts indicated on the abscissa) 
once, 7 hours before assay (A), or twice, 
7 and 5 hours (A) or 7 and 3 hours be- 
fore assay (A). Hydrocortisone (2.5 mg 
of hemisuccinate per 100 g of body 
weight) was administered 5 hours before 
assay alone (0) or with the indicated regi- 
men of glucagon (circles around trian- 
gles). The points are means; + standard 
errors of the means are shown by verti- 
cal lines, except for the groups compris- 
ing less than four rats. For comparison, 
the level of tyrosine transaminase in rats 
starved for 24 to 48 hours and given 
hydrocortisone 5 hours before asssay is 
shown by the broken horizontal line. 

does not stimulate urea production but 
enhances the stimulatory effect of gluca- 
gon on urea production (5). The large 
increase in tyrosine transaminase, seen 
in the present studies, with hydrocorti- 
sone plus glucagon may contribute to 
this catabolic effect of the combined 
hormones. 
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