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Adaptive Enzyme Synthesis: Its 
Inhibition as a Possible Analogue of 
Immunological Tolerance 

Abstract. Substrate induction of tryp- 
tophan pyrrolase in the liver of rats 
is inhibited by prior treatment of very 
young rats with tryptophan. This in- 
hibition seems analogous to immuno- 
logical tolerance, which can be pro- 
duced by prior treatment with the 
antigen. The findings provide support 
for an analogy between mechanisms of 
adaptive enzyme synthesis and those 
involved in adaptive immunity. 

The phenomena of immunological pa- 
ralysis (1) and immunological toler- 
ance (2) have been difficult to account 
for in current theories of antibody for- 
mation. A completely satisfactory hy- 
pothesis has not been proposed, and 
this necessitates further investigations 
into the mechanism of the induction of 
paralysis and tolerance. Both situations 
of unresponsiveness can be specifically 
induced by excess of antigen, and early 
life is the period during which animals 
are most susceptible to the induction of 
the unresponsiveness. 

Immunological tolerance similar to 

immunological responsiveness is a prop- 
erty of a population of lymphoid and 
reticular cells which constitute the im- 
munological system. This population 
consists of different cell types, and their 
relations to each other are only partly 
known. The changes in this cell popu- 
lation which constantly occur in re- 

sponse to contact with antigens severely 
complicate the study of the intracellular 
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consists of different cell types, and their 
relations to each other are only partly 
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lation which constantly occur in re- 

sponse to contact with antigens severely 
complicate the study of the intracellular 
processes that lead to antibody produc- 
tion or unresponsiveness. 
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stable cell population could not be 
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found in the immunological system we 
have looked for other protein-synthe- 
sizing cells that might serve as a model 
for the study of antibody synthesis and 
the induction of unresponsiveness. The 

analogy between the induction of anti- 

body by antigen and the induction of 
so-called adaptive enzymes by their 
specific substrates has often been dis- 
cussed (3). We have investigated 
the question of whether the resemblance 
between these two processes is more 
than superficial by attempting to pro- 
duce a paralysis of enzyme induction, 
using a procedure which is effective in 

producing immunological tolerance to 
antigens. 

We chose for the induction tryp- 
tophan pyrrolase (TP), an enzyme 
which has been extensively studied (4). 
In adult rats TP activity rises rapidly 
after a single intraperitoneal injection 
of tryptophan and reaches a maximum 
after 3 to 4 hours (5, 6). This increase 
is, at least for the greater part, due to 
an increase in enzyme protein accord- 

ing to Feigelson and Greengard (7), 
who estimated the enzyme by an im- 
munochemical method. This rapid re- 
sponse resembles the secondary anti- 
body response in immunologically 
sensitized animals. A situation analo- 

gous to the primary immune response, 
which involves a lag period of several 
days to achieve peak antibody titers, 
could be visualized with regard to the 
development of TP activity in young 
animals. 

The liver of newborn rats has no 
TP activity; the enzyme is formed in 
the course of the first 2 weeks of extra- 
uterine life, presumably in response to 
tryptophan derived from extraneous 
sources (the food or the bacterial flora 
of the gut, or both) or under influence 
of the cortical steroids. There is an 
additional similarity between synthesis 
of this enzyme and antibody synthesis 
in that in early life there is a period 
during which synthesis cannot be in- 
duced to any significant extent (8). 
In view of possible differences owing 
to the rat strain and diet, we re- 
peated these observations and found 
the unresponsive period to last through- 
out the first week of age (Fig. 1). 

To investigate whether the analogy 
between the two systems of protein 
synthesis can be further extended, we 
attempted to produce unresponsiveness 
to induction by tryptophan by exposing 
young animals to an excess of the 
amino acid. Baby rats of a random-bred 
albino strain received single or re- 
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Fig. 1. "Natural" and induced tryptophan 
pyrrolase activity (micromoles of kyn- 
urenine per gram of protein per hour) 
in the liver of rats at various ages. All 
values are corrected for extinction of 
samples incubated in the absence of sub- 
strate. Rats were killed 3 hours after the 
inducing injection of tryptophan. Curves 
were drawn by eye to fit experimental 
points. Crosses, induced; circles, nonin- 
duced controls. 

peated daily intraperitoneal injections 
of tryptophan (1 mg per gram of body 
weight) in physiological saline, and an 

equal number of littermates matched 

according to body weight were similarly 
treated with physiological saline. At in- 
tervals after the end of this treatment, 
an experimental and a control rat each 
received an intraperitoneal injection of 

tryptophan (1 mg per gram of body 
weight); these were the induced group. 
Another experimental and a control rat 

received saline to serve as noninduced 
controls. Each experiment included 
therefore four different animals which 
had been treated as follows: tryptophan 
treated, tryptophan induced; tryptophan 
treated, noninduced; saline treated, in- 
duced; saline treated, noninduced. Three 
hours after treatment the rats were 
killed by decapitation, and the liver was 
excised. The liver was washed carefully 
with 0.14M KC1 to remove any traces 
of amino acid from the surface in the 
case of intraperitoneally injected ani- 
mals, and the tissue was homogenized in 
seven volumes of a mixture of 0.14M 
KCl and 0.0025N NaOH (6). 

The incubation mixture had the fol- 
lowing composition: phosphate buffer, 
pH 7.0, 50 mM; L-tryptophan, 2.5 mM; 
hematin, 1 ItM; ethylenediaminetetra- 
acetic acid (EDTA), 25 mM; and liver 
homogenate, 25 percent. The hematin 
was added to ensure saturation of the 

enzyme with its cofactor (9); EDTA 
was added to the reaction mixture be- 
cause in the liver of young animals an 
inhibiter of tryptophan pyrrolase is 

present that is inactivated by EDTA 
(10). Control incubations were per- 
formed without tryptophan in the me- 
dium. The mixtures were shaken in 50- 
ml erlenmeyer flasks incubated in a 
water bath at 37?C; samples (4 ml) 
were removed at intervals (0, 30, 60, 
and 90 minutes) and deproteinized with 
2 ml of 15-percent metaphosphoric acid. 

o o oy 

Fig. 2. Degree of inhibition of the substrate-induced tryptophan pyrrolase activity in 
animals treated with the substrate at an early age. X-axis: age at day of induction; 
y-axis: age at prior treatment (dotted lines designate periods of treatment); z-axis: 
percentage inhibition as compared to controls. 
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Prior treatment at 
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21 39.9 3 
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30 22.3 3 
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23 18.7 1 
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Prior treatment at 
16 3.8 
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15 7.6 
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Table 2. Cortisone effect in "tolerant" rats. 

Age Inhibition of TP 
Prior at induction (%) 

treatment induc- 
at day: tion By By 

(days) substrate cortisone 

3 15 41 None 
3-8, daily 14 46 51 

3,5,7,9, 11, 13 25 62 51 
5 16 82 23 
5 22 38 28 

5-10, daily 18 84 81 

and Knox and control blanks served as a correction 
ie of 4540 at for the presence in the samples of a 

slight opalescence which varied with 
lues were ex- the length of the incubation period. In 
er gram of pro- the case of the measurements of in- 
ixture. The pro- duced activity by tryptophan, correc- 

omogenate was tions were also made for the activity 
:d biuret reac- of the noninduced livers. The period 
vity was calcu- between 30 and 90 minutes was chosen 

of kynurenine because the rate of kynurenine forma- 
our period be- tion slowly increases and reaches a 
es of incubation rather constant value after 30 minutes 

extinction ob- of incubation. 
incubated with- Prior treatment with tryptophan to 

ynurenine was attempt the production of "unrespon- 
Dnditions; these siveness" was usually limited to the 

period between 3 and 12 days of age. 
Figure 2 and Table 1 show that the 

or treatment with majority of the animals that received 
tervals after birth, prior treatment exhibit a significant in- 
ptophan pyrrolase pto 

e induced acty hibition of the induced TP activity 
of kynurenine per when tested at periods varying between 
Ml values are cor- 5 and 18 days after the last injection. lase activity in the 
ase att te The data also indicate that the age be- 

tween 3 and 5 days is the most sus- 
Inhibition 

tivity of TP ceptible period for the production of 
induction unresponsiveness. The state of unre- 

'rior by sponsiveness is not a stable one but 
mnt substrate tment 

(%) tends to disappear within about 2 

3rd day weeks. However, if the experiments 3rd day 
8.8 41 in which tryptophan was administered 
;2.6 18 on day 3 only are being compared 

8th day, dailv with the experiments in which the rats 1.9 77 
2.2 46 received tryptophan on days 3, 5, 7, 
9, 11, and 13 days 9, 11, and 13, it seems that the unre- 
1.3 94 
18. 62 sponsiveness can be maintained by ex- 
32.2 none tending the period of exposure to the 
14th day, daily amino acid. 

12.2 34 
1520 26 These results show a striking resem- 
t 5th day blance to the production of immuno- 
0.7 82 logical tolerance by the administration 
22.5 38 
10th day, daily of an excess of antigen to immunologi- 
3.4 55 cally immature animals. Immunological 
2.3 84 tolerance also tends to disappear after 11.0 46 

28.0 21 exposure to the antigen is discontinued, 
10th day, daily although at a slower rate. Immuno- 
5.5 , none logical tolerance may gradually change 12th day, daily 

24.3 9 to responsiveness; it can be maintained 
16.1 12 by continued administration of the 
20.5 none antigen (13). 
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The manner in which the tryptophan 
acts in the very young animal to pro- 
duce a decreased ability to react to 
subsequent stimulation with the sub- 
strate is of great interest. It is known 
that substrate induction is inhibited by 
puromycin but not by actinomycin D, 
and therefore the induction by substrate 
is supposed to act at the level of pro- 
tein synthesis from already existing 
RNA templates (8). On the other hand, 
the increased TP activity which can be 
produced by injecting cortisone is in- 
hibited by both actinomycin D and Iby 
puromycin, which indicates that corti- 
sone acts by stimulating the produc- 
tion of additional RNA templates (14). 

In a number of animals that received 
prior treatment with tryptophan the 
induction of enzyme was tested by the 
injection of hydrocortisone (0.01 mg 
per gram of body weight) at the same 
time as the substrate induction was 
studied in the littermates. Table 2 
shows that the decreased responsive- 
ness to induction by substrate was ac- 
companied in 5 out of 6 cases by a 
decreased response to the corticoster- 
oid. Although the results indicate less 
inhibition of the cortisone-inducible ac- 
tivity, they provide some support for the 
hypothesis that unresponsiveness is pro- 
duced by an action of tryptophan at 
the level of messenger-RNA synthesis 
from DNA in the immature animal. 
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