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Induction of Tryptophan Pyrrolase in Rats after 
Early Injections of Tryptophan or Neonatal 

T h y m e c t o m y  

The  ana logy be tween  the  fo rma t ion  of an t ibod ies  a n d  
the  induc t ion  of enzymes  in h igher  an ima l s  has r ecen t ly  
been  discussed.  A n y  s imi la r i ty  b e t w e e n  these  p h e n o m e n a  
has been  re j ec ted  b y  KR6aER a n d  GR~tmR ~ on  t h e  basis  
of the i r  e x p e r i m e n t s  on  the  effect  of X- i r r ad i a t i on  a n d  of 
6 -mercap topur ine  on the  i nduc t ion  of t r y p t o p h a n  pyr ro -  
lase. VAN BEKKUM and  NI~UW~RKERK~ have  pos tu l a t ed  
a sor t  of ' to le rance '  p h e n o m e n o n  in enzyme  induc t ion ,  
hav ing  observed  t h a t  t he  induc t ion  of t r y p t o p h a n  py r ro -  
lase b y  t r y p t o p h a n  or cor t i sone  was  g rea t ly  r educed  in  
ra t s  p re - in jec ted  wi th  t r y p t o p h a n  in ear ly  life. This  
obse rva t ion  would  be r a t h e r  d i f f icul t  to  in t e rp re t ,  be-  
cause  L - t r y p t o p h a n  is n o t  a foreign subs tance ,  b u t  is a 
n a t u r a l  c o m p o n e n t  of b o d y  and  food prote ins .  Fu r the r ,  
i t  has  been  shown  t h a t  t r y p t o p h a n  enhances  t r y p t o p h a n  
pyr ro lase  a c t i v i t y  no t  by  s t imu la t ing  the  syn thes i s  of 
th is  enzyme,  b u t  r a t h e r  by  decreas ing  the  ra te  of its 
d e g r a d a t i o n  3, and  th is  makes  more  d i f f icul t  a compar i son  
w i t h  i m m u n e  to lerance .  

In  order  to  o b t a i n  more  i n fo rma t ion  on t h e  r epo r t e d  
ana logy  w i t h  i m m u n e  to lerance ,  we a t t e m p t e d  to  repro-  
duce  the  effect  of ear ly  t r y p t o p h a n  inject ions ,  and  
inves t iga ted  the  i nduc t ion  of t r y p t o p h a n  pyr ro lase  in 
n e o n a t a l l y - t h y m e c t o m i z e d  ra ts .  

R a t s  of t he  Wis t a r -Glaxo  s t ra in  of our  an imal  room 
were  used for  t h e  expe r imen t s .  T h e y  were m a i n t a i n e d  on 
t h e  s tock  d ie t  of th i s  l abo ra to ry  4. All r a t s  were  weaned  
a t  24 days  of age.  Male an imals  were used for  the  exper i -  
m e n t s  w i th  in jec t ions  of t r y p t o p h a n ,  and  ra t s  of b o t h  
sexes for  t h y m e e t o m y .  No differences  were observed  in 
t he  basal  level or in t he  induc t ion  of t r y p t o p h a n  pyrrd lase  
in ra t s  of d i f fe ren t  sexes. 

T h y m e c t o m y  was  pe r fo rmed  wi th in  24 h of b i r th .  The  
ra t s  were p u t  in a re f r igera to r  on f i l ter  p a p e r  a t  -- 12 °C 
unt i l  ref lexes were lost.  An  incision was  m a d e  t h r o u g h  
the  s t e r n u m  up to  the  t h i rd  rib, and  the  t h y m u s  was 
r e m o v e d  b y  suct ion,  The s t e r n u m  and  t h e  skin were 
closed wi th  a single s t i t ch  wi th  silk No, 7.0 and  coated  
wi th  15% collodion. The opera t ion  was pe r fo rmed  u n d e r  
a s tereomicroscope.  Pos tope ra t i ve  m o r t a l i t y  and  canni -  
bMism were low. 

At  sacrifice t h e  m e d i a s t i n u m  c o n t e n t  of t h y m e c t o m i z e d  
r a t s  was  e x a m i n e d  histological ly,  and  when  f r agmen t s  of 
t h y m u s  were seen the  ra t s  were classified as ' pa r t i a l ly  
t h y m e c t o m i z e d ' .  T r y p t o p h a n  pyr ro lase  ac t iv i ty  was 
de t e rmined  b y  the  m e t h o d  of FEmELSON and  GREEN- 
GARD 5 aS used by  VAN BEKKUM and  NIEUWERKERK 2. 
K y n u r e n i n e  was  e s t ima ted  by  the  ex t i nc t i on  a t  360 n m  
( m a x i m u m  absorp t ion  peak) in a B e c k m a n  D U  spec t ro -  
p h o t o m e t e r ;  a mola r  ex t inc t ion  of 4500 as de t e rmined  
wi th  the  pure  c o m p o u n d  (Sigma) was used in t h e  calcula-  
t ions.  

Only  the  e x p e r i m e n t s  w i th  t he  m o s t  in tens ive  pre-  
t r e a t m e n t  wi th  t r y p t o p h a n  were  repea ted .  In j ec t ion  of 
t r y p t o p h a n  caused a m o r t a l i t y  above  50% in young  rats .  
No differences  were observed  in the  response  of  surv iv ing  
an imals  to  t r y p t o p h a n  or  cor t i sone  induc t ion  a t  t he  20th 
or  a t  t he  25th d a y  of age (Table i). The  induc t ion  of 
t r y p t o p h a n  pyrro lase  by  the  same agents  was  also qu i te  
normal  in t h y m e c t o m i z e d  ra t s  (Table II) .  

These resul ts  do no t  conf i rm the  e x p e r i m e n t s  suppor t -  
ing the  hypo thes i s  of a p h e n o m e n o n  analogous to  i m m u n e  
to le rance  in t h e  a d a p t a t i o n  of t r y p t o p h a n  pyrrolase ,  as 
r epor ted  b y  VAN BEKKU~,~ and  NIEUWERKERK 2. The  
reasons  for t h i s  d i sc repancy  are  no t  k n o w n ;  these  

Table I. Induction of tryptophan pyrrolase in male rats pre-treated 
with tryptophan 

Age at Pre- Enzyme Number Body Tryptophan 
day of treatment induction of rats weight pyrrolase 
test (g) activity 
(days) 

20 Saline - 5 30.4 3.04 t 0.20 
Saline Tryptophan 6 29.8 7.77 :t= 1.23 
Tryptophan - 4 20.2 2.45 :~: 0.31 
Tryptophan Tryptophan 5 30.2 7.78 ~ 0.96 

25 Saline - 5 42.6 3.90 4- 0.56 
Saline Tryptophan 5 45.6 14.25 ~ 1.63 
Tryptophan - 5 39.2 3.88 =12 0.52 
Tryptophan Tryptopban 6 35.2 15.39 :~ 1.30 

25 Saline - 6 44.0 3.54 ± 0.44 
Saline Cortisone 5 47.2 7,06 i 1.15 
Tryptophan - 5 40.2 3.19 ~ 0.72 
Tryptophan Cortisone 6 42.8 7.93 ~: 0.89 

Rats pre-treated with tryptophan received an i.p. injection of L- 
tryptophan (1 mg/g of body weight) at 3, 5, 7, 9, 11 and 13 days of 
age. The enzyme was induced by injections of tryptophan (1 mg/g 
of body weight) or of cortisone acetate (Cortone Merck) (0.01 mg/g 
of body weight) given i.p. 3.5 h before sacrifice to tryptophan-pre- 
treated rats and their controls. The enzyme activity is expressed as 
~moles of kynurenine/h/g wet liver. 

Table II. Induction of tryptophan pyrrolase in neonatally thyme- 
ctomized rats 

Enzyme No. and sex Body Tryptophan 
induction of rat weight (g) pyrrolase 

activity 

Non-operated rats 

- 6d ~ and 7 ~ 59.3 3.14 4- 0.20 
Tryptophan 3 c~ and 3 ~ 69.0 18.50 ~ 0.74 
Cortisone 8 d' and 8 ~) 59.7 7.69 ~ 0.76 

Thymectomized rats 

- 7 c~ and 1 ~ 52.6 2.66 ~ 0.44 
Tryptophaa 5 c~ 57.4 18.75 ~ 1.20 
Cortisone 7 c~ and 6 ~ 51.5 7.78 ~ 0.67 

Partially thymectomized rats 

- 4 d ~ and 5 ~ 60.2 3,26 ~: 0.25 
Tryptophan 1 d ~ and 2~ 70.7 16.75 :t: 1.79 
Cortisone 6 ~ and 4 ~ 54.8 7.81 Jc 0.50 

Experimental conditions as in Table I, except that the dosage of 
cortisone was 0.02 mg/g of body weight. The rats were killed at the 
30th day of life. 

t H. KR6GER and B. GREUER, Biochem, Z. 347, 190 (1965). 
D. W. VAN BEKKUM and H. T. P. NIEUWERKERK, Science 149, 
548 (1965). 

a R.T. SCmMXE, E. W. SWEE~EV and C. M. BERLIN, J. biol. Chem. 
240, 322 (1965). 

4 Composition, in %: whole flour of mixed cereals (wheat, oats, 
barley, and corn in equal parts) 79, crude casein 8, half-skimmed 
dried milk 5, dried wheat germ 5, sodium chloride 0.5, calcium 
lactate 1.5, dried brewer's yeast 1. Supplied in pellets by Labora- 
torio D.ri Piccioni, Brescia. Ox liver and fresh vegetables were 
given once a week. 

5 p. FEIGELSON and O. GREENGARD, J. biol. Chem. 236, 153 (1961). 
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inves t iga tors  do no t  give e x p e r i m e n t a l  deta i ls  such  as 
strain,  sex  and  we igh t  of t he  rats ,  and  the  n u m b e r  of 
expe r imen t s  pe r fo rmed ,  t hus  mak ing  more  diff icul t  an 
eva lua t ion  and  compar i son  of the i r  results .  

The  e x p e r i m e n t s  w i t h  t h y m e c t o m i z e d  ra ts  exclude  
fu r the r  a n y  ana logy  be tween  e n z y m e  induc t ion  and  
capac i ty  of i m m u n e  response,  t he  l a t t e r  be ing  grea t ly  
impa i red  in n e o n a t a l l y - t h y m e c t o m i z e d  ra ts  e,~. 

simile alla to l le ranza  i m m u n i t a r i a  nella s intes i  a d a t t a t i v a  
di ques to  enzima.  

E. BONETTI, A. P.  GUERZONI 
and  F.  STIRPE 

IstitUtO di Patologia Generale dell' Universit~ di 
Bologna (Italy), 22rid December 7966. 

Riassunto. La sommin i s t r az ione  di t r i p to fano  per  via  
endoper i tonea le  nei  p r imi  giorni di  v i t a  n o n  inf luenza  
l ' induzione  del la  t r i p to f ano  pirrolasi  nel  lega to  di r a t t o  
ad opera  del  t r i p to fano  o del  cor t i sone  s o m m i n i s t r a t o  a 
20-25 giorni di etb.. L ' induz ione  de l l ' enz ima  6 normale  in 
r a t t i  di 30 giorni  f imec tomizza t i  alla nasci ta .  Quest i  
r i su l ta t i  non  confe rmano  l ' es i s tenza  di un f enomeno  

6 B. G. ARNASON, B. D. JANKOVlC and B. M. VAKSMAN, in The 
Thymus in Immunobiology (Eds. R. A. Good and A. E. GABRXEL- 
SEN; Harper & Row, New York, 1964) p. 492. 

T We thank Sig. E. LOEENZONI for skilled technical assistance and 
Merck Sharp & Dohme Italia for a generous gift of Cortone. The 
work was supported by a grant from Consiglio Nazionale delle 
Rieerche, Rome. 

Effect of D ,L-Glycera ldehyde  on Bacter ia l  Cells  
M e t a b o l i s m  

I t  is only  r ecen t ly  t h a t  e x p e r i m e n t a l  inves t iga t ions  
have  been  d i rec ted  to  the  p rob l em of t he  re la t ionsh ip  
be tween  ene rgy  m e t a b o l i s m  a n d  p ro te in  syn thes i s  
processes.  Resea rch  on an imals  and  neoplas t ic  cells has  
been  especial ly  conce rned  w i t h  glycolysis,  and  the  
ox ida t ion  of glucose in re la t ion to  the  incorpora t ion  of 
labelled aminoacids ,  t he  l a t t e r  be ing t a k e n  as an  index  of 
p ro te in  synthes is .  D-e-g lycera ldehyde  has  p roved  con- 
s iderab ly  useful  in these s tudies  ~,~ as i t  inh ib i t s  glycolysis  
a t  levels which  do no t  affect  oxidat ion .  L-glyceraldehyde,  
in fact ,  b inds  t he  d i - h y d r o x y a c e t o n p h o s p h a t e  w i th  t he  
fo rma t ion  of L - so rbos ium- l -phospha te ,  which  is a hexo-  
kinase inh ib i to r  8. 

I t  seemed of in te res t  to  ex t end  th is  s t u d y  to  bac te r ia l  
cells. I n  previous  inves t iga t ions  we have  observed  t h a t  
D-L-glyceraldehyde inhib i t s  t he  g rowth  of several  germs  4 : 
E.  coli 817 ISI,  E. coli ]3. 806 ISI, Salmonella typhi, 
P a m t y p h i  C, Bacillus subtilis, Staphylococcus aureus, 
Streptococcus pyogenes, Bvucella melitensis, Serratia 
marcescens. This inh ib i t ion  is shown  b y  a decrease  in the  
g rowth  ra te ,  up to a comple te  absence  of deve lopmen t ,  

which  is re la ted  to  t he  c o n c e n t r a t i o n  of D-L-glyceralde- 
h y d e  and  to  t he  t y p e  of m e d i u m  used. The  resul ts  ob- 
t a ined  in s tudies  w i t h  /L coli in cul ture  are s u m m a r i z e d  
in Table  I. 

The  effect  of D-L-glyceraldehyde on the  glycolysis  and  
ox ida t ion  as well as on the  leucine-C 14 incorpora t ion  has  
been  s tud ied  w i t h  E.  coli 806 I S I  ceils cu l t iva ted  in 1°/00 
glucose N u t r i e n t  Bro th ,  col lected in log phase  by cen±ri- 
fuga t ion  and  washed  3 t imes  in H~O. The W a r b u r g  
p rocedure  was  e mp l o y e d  for the  glycolysis  a n d  oxida t ion .  
The  leucine-C 14 incorpora t ion  was s tud ied  b y  col lect ing 
the  cells on Miilipore fi l ters and  measur ing  C 14 c o n t e n t  in 
c o u n t s / m i n  w i t h  a Nuclear  Chicago D47 f lowmeter .  The  
resul ts  are s u m m a r i z e d  in Tables  I I  a n d  I I I .  

I G. G. GUIDOTTI, A. FONNESU and E. CXARANm, Cancer Res. 21, 
900 (1964). 
E. CIARANFI and A. I~ONr~ESU, Atti Aeead. naz. Lincei Re. Serie 
VIII 33, 835 (1962). 

s H.A.  LAgDV, V. D. WIEBELHAUS and K. M. MAnn, J. biol. Chem. 
187, 325 (1950). 

4 C. CUTINELLI and F. GALDIERO, Atti XIII Congr. naz. Microbiol. 
Parma-Salsomaggiore (1965). 

Table I. Effects of D-L-glyceraldehyde on growth rate of E. coil at 37 °C without shaking 

D-e-glyceraldehyde Media 

Nutrient broth • G.G.Y. b Glucose minimal medium 

Growth rate in h -x % Growth rate in h -x % Growth rate inh  -1 % 

Control 0.015 100.0 0.021 100.0 0.015 100.0 
1.1 mM 0.015 100.0 0.022 100.0 0.008 53.3 
2.2 mM 0.015 100.0 0.019 86.0 0.000 0.0 
3.3 mM 0.013 86.3 0.006 27.2 - - 
4.4 mM 0.010 50.0 0.000 0.0 - - 
5.5 mM 0.007 46.6 . . . .  

The results are mean values of 5 experiments, a Nutrient broth 80/oo + NaC1 50/oo . ~ Glucose 10 g o/oo, glycine 20 g 0/oo, extract yeast g 1 o/oo. 
l o g x -  logx0 

o Medium as described by MONOD. The growth rate is calculated from MONOD : /~ , /2 = growth rate; x = density of cells 
at 't' time; x o = density at zero time. t log2 


