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The effect of endotoxin on the activation of phosphoenolpyruvate carboxykinase
by tryptophan was studied.

Bacterial endotoxins have been known for
many years to lower the carbohydrate reserves
in the mammalian host (6). Closer investigation
of this phenomenon was warranted by the dis-
covery that cortisone, a gluconeogenic agent
(5), protected against endotoxin lethality (M.
Brooke, E. H. Kass, 0. Hechter, Fed. Proc.
p. 560, 1959). Endotoxin-induced carbohydrate
depletion appears to be the result of impaired
gluconeogenesis (2) rather than increased utiliza-
tion of sugars (9). The effect of endotoxin on
the enzymes involved in the gluconeogenic
pathway is currently under investigation. Phos-
phoenolpyruvate carboxykinase (GTP:oxalace-
tate carboxy-lyase, transphosphorylating, EC
4.1.1.32), referred to here as PEPCK, is a gluco-
neogenic enzyme which surmounts one of the
main energy barriers in converting non-carbo-
hydrate precursors into carbohydrate. PEPCK
is activated by tryptophan in rats (3), and its
induction by glucocorticoid is inhibited, appar-
ently by endotoxin in mice (1). Since the increase
in PEPCK activity elicited by tryptophan is
believed to be mostly the result of enzyme activa-
tion (3), the effect of endotoxin on the activation
of PEPCK by tryptophan was studied in mouse
liver.
PEPCK was assayed by the method of Phillips

and Berry (8). Endotoxin (LPS) was extracted
from Salmonella typhimuriun, strain SR-I1,
by the method of Westphal as described by
Nowotny (7). The preparation employed had
a median lethal dose (LD50) of 230 ,ug for ICR
female mice weighing 20 2 g, which were
used for all experiments. Tryptophan (Nutri-
tional Biochemicals, Cleveland), endotoxin,
and actinomycin D were injected intraperito-
neally in the doses specified. To avoid variations
due to the circadian rhythm, all mice were sacri-
ficed at 12:00 noon.

Overnight fasting doubles the activity of
PEPCK in normal mice. This is seen in Table 1.

Administration of 20 mg of tryptophan re-
sulted, after an interval of 2 hr, in a threefold
increase in PEPCK activity in both fed and fasted
animals (line 2, Table 1). To characterize the
tryptophan effect on PEPCK, mice were pre-
treated with 25 ,ug of actinomycin D (the LD50)
to inhibit messenger ribonucleic acid (mRNA)
synthesis. This prevented the induction ofPEPCK
in response to fasting (line 3, Table 1) and sug-
gests that the increase depends on the synthesis
of additional enzyme. Actinomycin D did not
depress PEPCK activity below normal levels
in fed mice. This is consistent with the results of
Phillips and Berry (8) and of Lardy et al. (4),
who proposed the existence of preformed mRNA
with very long half-life (15 hr) to account for
continued synthesis of the enzyme in presence
of the inhibitor. Tryptophan, when adminis-
tered to actinomycin D-treated mice, elicited a
twofold increase in PEPCK activity in fed mice
and a three- to fourfold increase in fasted ani-
mals, as shown in line 4 of Table 1. This con-
firms the report of Foster et al. (3) that trypto-
phan causes an increase in PEPCK activity
mostly by activating existing enzyme molecules.
An LD50 of endotoxin given intraperitoneally
under conditions similar to those employed with
actinomycin D significantly decreased enzyme
activity in fasted animals. PEPCK activity in
fed, poisoned mice did not differ from that in
fasted, poisoned mice (line 5, Table 1). This
may be explained by the fact that endotoxin
administration impairs the animal's ability to
eat, so that the "fed" animals, although having
food available, are in reality fasting, hence the
same value in both groups. An LDI50 of endo-
toxin inhibited PEPCK activation by tryptophan,
as judged by the percentage of change, especially
in fasted mice (line 6, Table 1). The threefold
increase in PEPCK activity resulting from ad-
ministration of the amino acid to normal or
actinomycin D-treated mice (lines 2 and 4)
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TABLE 1. Effect of tryptophan, endotoxin, and
actinomycin D on liver PEPCK activity in

fed and fasted micea

PEPCK activityc (jLmoles of

Treatmentb
PEP per g of liver per 6 min)

Fed Fastedd

Control................ 145 zt7.1 298 ±t3.5
2 Hr after 20 mg of tryp-
tophan .............. 402 i 4.9 971 i 23.4

20 Hr after 25 ,ug of acti-
nomycin D....... 141 dt 8.0 114 tfi7.8

20 Hr after 25 ,ug of acti-
nomycin D + 2 hr
after 20 mg of trypto-
phan................. 260 ±4 12.5 412 4 10.7

20 Hr after LD,o endo-
toxin................ 161 i 20.6 168 4 12

20 Hr after LDw endo-
toxin + 2 hr after 20
mg of tryptophan.... 387 i 12 300 4 19

a Abbreviations: PEPCK, phosphoenolpyruvate
carboxykinase; LD50, median lethal dose.

b All mice were sacrificed at 12:00 noon.
c Mean standard error of the mean from 10

mice.
d Starting at 5:00 PM the previous day.

did not occur in either fed or fasted endotoxin-
poisoned mice injected with tryptophan. The
absolute value for the fed, poisoned group re-
ceiving typtophan (line 6, Table 1) is not sig-
nificantly different from tryptophan-treated
mice (line 2, Table 1). Nevertheless, it must be
kept in mind that the criteria for inhibition is
the decrease in magnitude of activation, rather
than comparison of absolute values.
These results suggest that endotoxin inhibits

PEPCK induction by fasting and that it reduces
its activation by tryptophan. A mediator might
be involved, since endotoxin has no effect on
PEPCK when added directly to a liver homoge-
nate (unpublished observations). The increase in
PEPCK activity observed in fasted animals is

probably the result of protein synthesis, a proc-
ess inhibited by both endotoxin and actinomy-
cin D. Furthermore, endotoxin seems to inter-
fere with tryptophan-induced activation of
PEPCK, a process depending on a pool of en-
zyme that can be activated. A twofold effect
of endotoxin may, therefore, be postulated.
It might selectively decrease synthesis of the
enzyme-selectively because endotoxin is known
to induce an overall increase in protein synthesis
(10)-and it might also inactivate existing en-
zyme molecules through the action of a medi-
ator.
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