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SUMMARY 

The adaptive response of liver t ryptophan pyrrolase (L-tryptophan: oxygen 
oxidoreductase, EC 1.13.1.12) of guinea pig to hormone and substrate treatment was 
investigated and the results compared with similar studies on other species. Trypto- 
phan treatment caused a marked increase in the t ryptophan pyrrolase activity, and 
this increase was only slightly inhibited by actinomycin D. The administration of 
glucocorticoids increased the incorporation of [aH]uridine into ribonucleic acid of 
guinea pig liver (and decreased that into ribonucleic acid of guinea pig thymocytes), 
but it failed to induce t ryptophan pyrrolase. Two forms of t ryptophan pyrrolase 
(oxidized and reduced forms) were demonstrated in the soluble fraction of liver 
homogenate from guinea pig. 

INTRODUCTION 

Tryptophan pyrrolase (L-tryptophan" oxygen oxidoreductase, EC I.I3.I .I2) 
from rat liver has been the object of many investigations dealing with the enzyme 
adaptation in mammals. Earlier reports have shown that  the catalytic activity of rat 
liver t ryptophan pyrrolase is regulated by its substrate 5-tryptophan and glucocorti- 
colds l& The separate mechanisms of rat liver t ryptophan pyrrolase induction by 
hydrocortisone and tryptophan have been elucidated by SCHIMKE et al. 3. The enzyme 
from tryptophan-treated rats is largely conjugated with its hematin prosthetic 
group although that from hydrocortisone-treated rats is mostly the apoenzyme 4. 

There have been very few reports concerning the induction of t ryptophan 
pyrrolase in species other than rat s s. In this communication experiments on the 
induction* of t ryptophan pyrrolase in the guinea pig liver will be described. The en- 
zyme was readily induced by its substrate, but it was apparent that  exogenous 
glucocorticoids do not induce this enzyme in the guinea pig liver. Two forms of 
t ryptophan pyrrolase (the oxidized and the reduced holoenzymes) were demonstrated 
in the soluble fraction of liver homogenate from guinea pig. 

T h e  t e r m  " i n d u c t i o n "  as  u s e d  h e r e  m e a n s  t h e  a c c u m u l a t i o n  of  m o r e  e n z y m e  in a ce l l  
as  a c o n s e q u e n c e  of  a n  a l t e r e d  p h y s i o l o g i c a l  s t a t e .  
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MATERIALS AND METHODS 

Short-haired, English-type female and male guinea pigs weighing 35o-6oo g 
were used in the experiments. This strain can be divided into substrains one of which 
produces high and the other low amounts of hydroxylated cortisol derivatives 9. I t  was 
not tested to which substrain our animals belonged. The guinea pigs were treated with 
IOO mg of L-tryptophan or 2.5 mg of hydrocortisone (as free alcohol, acetate or 
phosphate) per IOO g of body weight, all given intraperitoneally as suspensions in 
o.9% saline solution. In some experiments either awatersoluble hydrocortisonesodium 
succinate or a more potent  glucocorticoid, prednisolone sodium acetate, was used. 
The effects of a subcutaneous injection of hydrocortisone were also investigated. 
Unless stated otherwise, the animals were killed 5 h after t reatment.  

Soluble liver fractions were prepared at 5 ° , immediately after killing the ani- 
mals. The animals were stunned, bled from the neck, and the livers were perfused in  
situ with cold 0.9% saline solution until they were blanched. The livers were weighed 
and homogenized using a glass-teflon tissue grinder in o.14 M KC1 containing 0.02 M 
sodium phosphate buffer, pH 7.0. The homogenate was centrifuged for IO min at 
IO ooo × g and the sediment was discarded. The supernatant  was centrifuged for 
i h at lO5 ooo × g. The upper par t  of the supernatant  was withdrawn with a syringe 
avoiding contaminating it with the sediment. The activity of t ryptophan pyrrolase 
was assayed according to the method of K ~ o x  et al. 4 by measuring at 360 nm the accu- 
mulation of kynurenine. The enzyme formamidase (arylformylamine amidohydrolase 
EC 3.5.1.9) is present in an excess of 5ooo-fold in the guinea pig liver 1°. The assay 
mixture had a total  volume of 3.0 ml, and contained 0.25 ml of 25% liver extract, 
0. 7 ml of 0.2 M sodium phosphate buffer (pH 7.o), 0.2 ml of 0.05 M L-tryptophan 
(Fluka) and distilled water. In  some experiments o.I ml of 0.3 M freshly neutralized 
ascorbic acid and/or 0.2 ml of 20 #M hematin (Hemin, Mann Research Laboratories) 
were added into the assay mixture. The absorbance was measured in a Beckman DB 
constant recording spectrophotometer with a thermoregulated cell holder at 37 ° 
using an assay mixture without t ryp tophan  as a reference. When calculating the 
results, corrections were made for the nonenzymatic increase of absorbance in a solu- 
tion containing t ryptophan  and ascorbic acid (0.05 A units/h at 37°). The results are 
expressed as/,moles of kynurenine/h per g of liver during the linear phase of the reac- 
tion. 

Preincubation of the enzyme solution for activation of the inactive t ryptophan 
pyrrolase was carried out according to the method of KNox et al.*. The soluble liver 
fraction with an equal volume of the homogenizing medium plus t ryptophan and 
methemoglobin (Horse hemoglobin, Nutrit ional Biochemicals) was gently shaken in 
open test  tubes at 37 ° for Ih. The final concentrations in the mixture were 12.5% liver 
extract,  2. 5 mM tryptophan,  0.5 mg of methemoglobin per ml, and 30 mM ascorbic 
acid. Aliquots of the mixture were taken before and during the incubation period for 
the assay of the t ryp tophan  pyrrolase activity by  the standard assay. 

As an additional method for determining kynurenine the Brat ton-Marshall  
test  was usedll, TM. 

For measuring the incorporation of [5-aH~uridine into RNA small pieces of 
guinea pig liver were placed into 25-ml erlenmeyer flasks, where o.9 ml of Krebs-Ringer  
phosphate medium (pH 7.6) supplemented with I mM D-glucose, was pipetted. For 
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measuring the incorporation of [5-3H]uridine into RNA o.I ml of [5-SH]uridine 
(29 C/mmole, i ffC/o.i ml, New England Nuclear) in o.9% saline was added, and 
after a 6o-min incubation in air at 37 ° the tissue pieces were removed with forceps. 
They were ground in o.5 ml of cold water  in all-glass homogenizer. Two samples of 
o.i  ml were pipetted onto filter paper disks (Whatman No. 3 MM chromatography 
paper, 2.3 cm diameter). The radioactivity in RNA was measured with the method 
of MANS AND NOVELL113 omitting the hot trichloroacetic acid treatments.  Radio- 
activity was measured in a liquid scintillation counter after which the disks were 
removed and washed with toluene, toluene-ethanol,  and ethanol-ether  and then 
subjected to a 6o-min heat t rea tment  at 9 °0 in 5% trichloroacetic acid. After subse- 
quent alcohol-ether and ether washes the disks were replaced in their original vials 
and recounted to give "non-RNA counts". These counts were usually very low and no 
substraction from the original counts was necessary. The total RNA content of the 
tissue was measured according to the method of MUNRO AND FLECK z4. The results 
are expressed as counts/min per ioo fig of RNA/h. 

The thymocytes  were isolated from the thymus mechanically la and the incor- 
poration of [5-3Hluridine into RNA of the thymocytes  in vitro was determined 
according to YOUNG 16. 

RESULTS 

The t ryptophan pyrrolase activity in the soluble liver fraction from an untreated 
guinea pig was very low (o.43 -1- o.o3 ffmole/h per g liver, Mean ~ S.E.). IO mM 
ascorbic acid and 1.33 #M hematin did not have any effect on the activity, and prein- 
cubation of the soluble fraction in the presence of hemoglobin, ascorbic acid and 
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Fig. i .  Effect  of  t r y p t o p h a n  a d m i n i s t r a t i o n  on t he  t r y p t o p h a n  pyrro lase  ac t iv i ty .  Gu inea  p igs  
were g iven  IOO m g  of L - t r y p t o p h a n  per  too  g o f  body  weight  in t r ape r i tonea l ly  as suspens ion  in 
0 .9% saline and  killed a t  t he  ind ica ted  t i mes  thereaf te r .  E v e r y  po in t  r ep resen t s  t he  m e a n  ac t iv i ty  
in t he  l iver of  t h ree  an imals .  The  t r y p t o p h a n  pyrro lase  ac t iv i ty  in the  soluble f rac t ion of  l iver 
was a s sayed  according to KNOX el al. 4 in t he  presence  ( ) and  absence  ( - - - - - )  of  ascorbic 
acid. 
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t ryptophan at 37 ° for 6o min totally abolished the activity. An identical activity 
(o.53 #mole/h per g liver) for t ryptophan pyrrolase was delineated by measuring the 
activity of the total homogenate of guinea pig liver in oxygen atmosphere without 
any cofactors 2. In these experiments kynurenine was determined by using the 
Bratton-Marshall test. 

A marked increase in the t ryptophan pyrrolase activity was demonstrated after 
t ryptophan treatment (IOO mg of L-tryptophan per IOO g in I ml of o.9% saline 
intraperitoneally) of guinea pigs. The response of the enzyme activity to t ryptophan 
administration at different times after treatment is shown in Fig. i. The dash line 

15 

u 

"E 

_= 
o 

E 
Z .  

| 

• t 

L I L 

6 12 18 
HOURS AFTER THE FIRST INJECTION OF TRYPTOPHAN 

Fig. z. Effects of repeated adnlinistrations of t ryptophan and hydrocortisone on the tryptophan 
pyrrolase activity. Animals were given injections every 4 h as follows: ioo mg of L-tryptophan per 
IOO g intraperitoneally as suspension in 0.9% saline (0) or t ryptophan plus 2.5 mg of hydrocorti- 
sone acetate per ioo g intraperitoneally as suspension in o.9% saline (A). Each point shows the 
activity in the soluble liver fraction of one animal. The t ryptophan pyrrolase activity was assayed 
according to KNox et al. 4 without any cofactors. 

shows the activity without any cofactors. The activity reached its maximum at 
4 h. The solid line represents the activity in the presence of ascorbic acid (IO raM) 
showing the maximum 4 h later. The basal level of the enzyme activity was reached 
at 18 h without cofactors (at 24 h with ascorbic acid). Fig. 2 shows the activity after 
the repeated injection of t ryptophan (at 4-h intervals). There was a rapid increase of 
the activity during the first 4 h, which was followed by a slower increase. Ascorbic 
acid did not have any effect on the activity at any moment after the start of the 
tryptophan administration. The animals did not survive repeated doses of tryptophan, 
but died after three injections. The rise in the t ryptophan pyrrolase activity after 
t ryptophan administration was only slightly inhibited by actinomycin D (ioo #g/ 
IOO g) (Table I) suggesting, that  tryptophan-induced elevation of the enzyme activity 
does not require the renewal of cellular RNA. 

The additions of hematin (I.33 #M) and ascorbic acid (Io mM) did not signifi- 
cantly increase the initial rate of the t ryptophan pyrrolase reaction if a concentrated 
(25%) preparation was used. Dilution of the preparation revealed a need for ascorbic 
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T A B L E  I 

E F F E C T  OF A C T I N O M Y C I N  D ON T H E  I N D U C T I O N  OF T R Y P T O P H A N  P Y R R O L A S E  B Y  T R Y P T O P H A N  I N  

G U I N I ~ A  P I G  L I V E R  

L - T r y p t o p h a n  (IOO m g  per  ioo  g of  body  weight)  a n d  ac t inon lyc in  D ( i o o ~ g  per  ioo  g o f  body  
weight)  were admin i s t e r ed  s i m u l t a n e o u s l y  in t r ape r i t onea l ly  to gu inea  pigs  5 h before sacrifice. 
T r y p t o p h a n  pyr ro lase  in t he  soluble l iver f rac t ion  was a s sayed  accord ing  to KNOX et al. ~ wi th  
ascorbic  acid in t he  i ncuba t i on  mi x t u r e .  E a c h  g roup  cons is ted  of  4 -6  an imals .  Values  are  expressed  
as m e a n  j= S.E. 

Administered substances Tryptophan pyrrolase 
(tzmoles kynurenine per h per g liver) 

Tryptophan Actinomycin D 

--  - -  0.43 ~ 0.03 
+ --  5.25 ± o. I7 
+ F- 3.65 ± 0.34 

acid, which can be seen in Fig. 3. Hematin in concentrations of o.o83 to 2.67/~M did 
not activate the diluted enzyme solution. 

I f  the soluble fraction (25% extract) was stored at 5 ° a marked inactivation of 
t ryptophan pyrrolase was observed after two days. IO mM ascorbic acid in the assay 
mixture restored partly the enzyme activity. Hematin (I.33 #M) (in the presence and 
absence of ascorbic acid) was without any effect on the activity of the stored enzyme. 
The effect of the concentration of ascorbic acid on the activation of the stored trypto- 
phan pyrrolase is shown in Fig. 4 .3  mM ascorbic acid was necessary for the optimal 
activation. 

Dialysis at 5 ° against distilled water for 18 h abolished totally the t ryptophan 
pyrrolase activity. Hematin (1.33/~M) and ascorbic acid (IO mM) could not restore 
the activity of the dialysed enzyme solution. 
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Fig. 3. Effect  o'f t he  concen t r a t i on  of  l iver ex t r ac t  on t he  t r y p t o p h a n  pyr ro lase  ac t iv i ty .  The  con- 
c e n t r a t e d  e n z y m e  solu t ion  (25%) f rom t r y p t o p h a n - t r e a t e d  gu inea  pigs  (sacrificed 5 h a f t e r  t r y p -  
t o p h a n  admin i s t r a t ion )  was  d i lu ted  wi th  t he  homogen iz ing  m e d i u m  a n d  kep t  a t  5 ° for 3o rain 
before t he  ac t iv i ty  was a s sayed  in t he  presence  and  absence  of  ascorbic  acid. 

Fig. 4. Effect  o f  t he  concen t r a t i on  of  ascorbic acid on t he  t r y p t o p h a n  pyrro lase  ac t iv i ty .  The  
soluble l iver f rac t ion  f rom t r y p t o p h a n - t r e a t e d  gu inea  pigs  (sacrificed 5 h a f te r  t r y p t o p h a n  admi-  
n is t ra t ion)  was  s to red  for two days  a t  5 ° before the  t r y p t o p h a n  pyrro lase  ac t iv i ty  was a s sayed  in 
di f ferent  concen t r a t ions  o f  ascorbic acid. 
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When the t ryptophan pyrrolase activity was assayed 4 to 12 h after the admi- 
nistration of hydrocortisone or prednisolone (2.5 mg/Ioo g in I ml of 0.9% saline 
solution intraperitonelly or subcutaneously), it was apparent that  the enzyme was 
not induced by these hormones. The activity in the soluble fraction of the liver was 
always at the control level (less than 0.5 #mole/h per g liver), and was not dependent 
on cofactors (ascorbic acid and hematin). The preincubation of the enzyme solution at 
37 ° for 60 min in the presence of tryptophan, ascorbic acid and methemoglobin 
inactivated the enzyme. Even a repeated injection of hydrocortisone (3 times at 4-h 
intervals) was without any effect on the activity. The administration of hydroeortisone 
and t ryptophan together did not elicit any further increase in the t ryptophan pyrro- 
lase activity in comparison with that  seen after t ryptophan administration (Fig. 2). 

Earlier studies have established that  glucocorticoids augment the incorporation 
of radioactivity from labelled precursors into hepatic RNA in r a w  but inhibit that  

T A B L E  I I  

E F F E C T  O F  P R E D N I S O L O N E  O N  T H E  I N C O R P O R A T I O N  O F  [ 5 - 3 [ - I I u l t I D I N E  I N T O  i N . ~ k  O F  G U I N E A  PIG  

L I V E R  A N D  T H Y M O C Y T E S  

Animals  were t rea ted  wi th  prednisolone sodium acetate (2. 5 mg per  IOO g of body weight as sus- 
pension in o.9 % saline intraperi toneally) and sacrificed at  the indicated t imes after hormone  treat-  
ment .  The incorporat ion of  [5-3H~uridine into RNA of liver and thymocy tes  in vitro was measured 
as explained in MATERIAL AND METHODS. The incubat ion t imes for liver and thymocy tes  were i h 
and IO min, respectively. Values are expressed as mean ± S.E. 

Liver Thymocytes 
(counts~rain per zoo I*g of  R N A  ) (counts~rain per I .  zo 6 cells) 

Control 687 -L 31 
Prednisolone 

4 h lO48 ~2 124 
(P < 0.05) 

1215 ~ 36 

IO h 552 -J= 4 

into RNA of thymocytes is. Table II shows that  prednisolone does stimulate, although 
weakly, the incorporation of [5-3H]uridine into RNA of guinea pig liver in 4 h after 
hormone treatment (2.5 mg per IOO g intraperitoneally). No significant increase of 
the incorporation could be demonstrated 4 h after hydrocortisone treatment. I t  was 
further seen that  the incorporation of [5-SH]uridine into RNA was markedly reduced 
in thymocytes isolated from guinea pig thymus IO h after prednisolone treatment 
(Table II). 

DISCUSSION 

The induction of t ryptophan pyrrolase by the glucocorticoids has been reported 
in the rat 2 and the mouse liver 5. The failure of glucocorticoids to induce this enzyme 
in guinea pig liver is intriguing. SPIEGEL 6 has reported similar results with the frog 
liver t ryptophan pyrrolase, and BROWN AND DODGEN 7 found that  channel catfish 
liver t ryptophan pyrrolase was not induced by either glucocorticoids or tryptophan. 
Both the guinea pig and the channel catfish were not able to survive repeated doses of 
t r y p t o p h a n .  JOHNSON AND DYER s obtained a reduction in t ryptophan pyrrolase after 
administering t ryptophan to the bovine. Aside from the unexpected regression after 
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t ryptophan administration some of the treated bovine died. KNOX 19 has reported 
similar results in adrenalectomized rats, wheras intact rats, or adrenalectomized rats 
receiving hydrocortisone did not die. The failure of adrenalectomized rats to survive 
was at tr ibuted to a loss of the hormonal induction mechanism. Analogously, the 
failure of guinea pigs to survive repeated doses of t ryptophan is an additional evidence 
supporting the absence of hormonal induction of the t ryptophan pyrrolase. Although 
glucocorticoids were incapable of inducing the t ryptophan pyrrolase, they did show 
other signs of glucocorticoid activity. Prednisolone t reatment  increased the incorpora- 
tion of [5-3Hluridine into RNA of the liver and decreased its incorporation into RNA 
of the thymocytes,  which effects besides t ryptophan pyrrolase induction are among 
the earliest signs of glucocorticoid action17,18. 

Two forms of t ryptophan pyrrolase (oxidized and reduced forms) were found in 
the soluble fraction of guinea pig liver. The enzyme was not dependent on the 
presence of cofactors (ascorbic acid and hematin) in the incubation medium, when the 
soluble fraction was prepared from intact animals or from animals shortly after 
t ryptophan treatment.  However, ascorbic acid was necessary for attaining the maxi- 
mal activity 8-18 h after t ryptophan treatment.  Dilution of the concentrated prepara- 
tion and storage of the enzyme solution revealed a need for ascorbic acid, too. 

We were not able to demonstrate the apoenzyme form of t ryptophan pyrrolase 
in guinea pig liver. This form has been found in rat liver, and it is the most abundant  
form after hydrocortisone treatment.  The preincubation of the enzyme solution 
according to KNOX et al. ~ inactivated the enzyme, and the addition of hematin into 
the incubation medium was without effect. None of the t reatments  (aging, dialysis 
and preincubation) caused unconjugation of the enzyme, which reflects poor reversi- 
bility of the conjugation. 
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