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The Tryptophan Pyrrolase Activity of Human 
Liver 

Liver  t r y p t o p h a n  py r ro l a se  x h a s  b e e n  t h o r o u g h l y  
inves t iga t ed  in  d i f f e ren t  a n i m a l  species a n d  in  va r ious  
e x p e r i m e n t a l  c o n d i t i o n s  ~,s. 

The  e n z y m e  h o w e v e r  h a d  n o t  b e e n  d e t e c t e d  in  h u m a n  
liver, i t s  p r e sence  h a v i n g  b e e n  in fe r red  u n t i l  now  f r o m  
ind i rec t  d a t a  only .  T h e  a c c u m u l a t i o n  of t r y p t o p h a n  
rae tabol i t es  in  t h e  u r ine  of h u m a n s  a f t e r  a d m i n i s t r a t i o n  
of t r y p t o p h a n  h a s  b e e n  t a k e n  as  ev idence  t h a t  t r y p t o p l l a n  
pyr ro lase  is p r e s e n t  in  h u m a n  l iver,  as  t h i s  e n z y m e  
cata lyses  t he  f i r s t  m e t a b o l i c  s t ep  of t h e  t r yp t ophan - - ~n i co -  
t in ic  acid p a t h w a y .  

Before  s t a r t i n g  t h e  s t u d y  of  t h e  t r y p t o p h a n  p y r r o l a s e  
ac t i v i t y  in  h u m a n  l ive r  h o m o g e n a t e s ,  we d e t e r m i n e d  t h e  
effect of d i f f e ren t  s to rage  cond i t i ons  on  th i s  enzyme .  

These  e x p e r i m e n t s ,  ca r r i ed  o u t  o n  r a t  l ivers,  showed  
t h a t  t h e  t r y p t o p h a n  py r ro l a se  a c t i v i t y  inc reased  if t h e  
animals ,  a f t e r  dea th ,  were  k e p t  a t  r o o m  t e m p e r a t u r e  
!18~20°C) or a t  2°C a n d  t h e  l iver  was  le f t  in  s i tu .  T h e  
increase  was  g r ea t e r  a n d  fa s t e r  in  t h e  e x p e r i m e n t s  ca r r i ed  
ou t  a t  r o o m  t e m p e r a t u r e ;  t h e  % v a r i a t i o n  is g i v e n  in  
Table  I. 

However ,  if t h e  l iver  h o m o g e n a t e s ,  p r e p a r e d  as  soon  
as poss ible  a f t e r  d e a t h ,  were  s to red  a t  2 °C, t h e  v a l u e s  of 
t he  e n z y m e  a c t i v i t y  b e c a m e  lower  t h a n  t h o s e  d e t e r m i n e d  
a t  zero t ime.  T h e  v a r i a t i o n s  a f t e r  2 h lie b e t w e e n  - 9  
and  ~ 2 2 ~  a n d  a f t e r  5 h b e t w e e n  -- 34 a n d  -- 42%.  
• F ina l ly ,  if t h e  l iver  was  f rozen  in  d r y  ice', t h e  c h a n g e s  
m a c t i v i t y  were  n o t  i m p o r t a n t :  t h e  r a n g e  of t h e  v a r i a t i o n s  
b e i n g _ l l  a n d  + 0 . 5 %  a f t e r  1 h a n d  - - 2 3  a n d  - - 2 %  
af ter  24 h.  

A r a p i d  re lease  of e n z y m a t i c  a c t i v a t o r  f r o m  h e p a t i c  
tiSSue a f t e r  d e a t h  is a n  i n t e r p r e t a t i o n  of t h e  consp icuous  
changes  seen  a t  r o o m  t e m p e r a t u r e :  

On t h e  bas i s  of t he se  resul ts ,  i t  was  a s s u m e d  t h a t  t he  
bes t  w a y  of s to r ing  h u m a n  l iver  for  a s t u d y  of t r y p t o p h a n  
pYrrolase a c t i v i t y  was  t h e  f reez ing  of t h e  o r g a n  in  d r y  
ice. 12 l iver  s amples  s to red  in th i s  w a y  were  examined .  
They  were  r e m o v e d  f rom 6 i m m a t u r e  or  p r e m a t u r e  new-  

orn  bab ie s  a n d  2 n e w - b o r n  b a b i e s  a t  t e r m  a few h a f t e r  
d e a t h  a n d  f r o m  3 a d u l t s  a n d  1 n e w - b o r n  a t  t e r m  d u r i n g  
an  a b d o m i n a l  surg ica l  ope ra t ion .  

The  cases s u b m i t t e d  to  a b d o m i n a l  s u r ge r y  were  
a n a e s t h e t i z e d  w i t h  s o d i u m  p e n t h o t a l ,  N o  ev idence  of 
hepa t i c  d i s f u n c t i o n  was  o b s e r v e d  in t h e  a d u l t  p a t i e n t s .  
The  l ivers  d id  n o t  show a n y  macroscop ic  c h a n g e ;  h i s to -  
logical e x a m i n a t i o n s  were  n o t  ca r r i ed  out .  

The  e v a l u a t i o n  of t h e  e n z y m e  a c t i v i t y  was  ca r r i ed  o u t  
oa  t h e  l iver  h o m o g e n a t e  w i t h  t h e  m e t h o d  r o u t i n e l y  used  
iu our  l abora to ryS .  I n  m o s t  cases t h e  h o m o g e n a t e  was 
f r ac t iona ted ,  f i r s t  b y  cen t r i f ug i ng  a t  20,000 g for 30 m i n  
to r e m o v e  t i s sue  debr i s  a n d  m i t o c h o n d r i a  a n d  b y  cen-  
t r i fug ing  t h i s  s u p e r n a t a n t  in  a Sp inco  u l t r a c e n t r i f u g e  a t  
105,000 g for  60 m i n  to  o b t a i n  t h e  pa r t i c l e  free super -  
n a t a n t  (cell sap) a n d  t h e  m i c r o s o m a l  f r a c t i o n  ~,~, T r y p t o -  
Phan  py r ro l a se  a c t i v i t y  was  e s t i m a t e d  in  t h e  cell  s ap  
a n d  in  t h e  cel l  s ap  u p o n  a d d i t i o n  of m i c r o s o m e s  s ince  a 
herae  a c t i v a t o r  h a s  b e e n  loca t ed  in t h i s  f r ac t i on  ~, 

Tab le  I I  s u m m a r i z e s  t h e  d a t a  o b t a i n e d  on  h u m a n  
liver. T h e  t r y p t o p h a n  p y r r o l a s e  act ivi ty-  was  n e v e r  
.detectable in  t h e  h o m o g e n a t e  n o r  in  t h e  s u p e r n a t a n t  of 
amraa ture  n e w - b o r n  bab i e s ;  i t  was  f o u n d  in  5 o u t  of 6 
new-born  b a b i e s  a t  t e r m  a n d  adu l t s .  T h e  va lues  r a n g e d  
f rom 0.37 to  2.53 # m o l e s  of k y n u r e n i n e ] h ] 1 0 0  m g  N.  

The  p resence  of  t h e  e n z y m e  a c t i v i t y  i n  h u m a n  l iver  
t he r ewi th  d e m o n s t r a t e d ,  was  c o n f i r m e d  in  a series of 
a c t i v a t i o n  e x p e r i m e n t s  ca r r i ed  o u t  b y  a d d i n g  t he  super -  

n a t a n t  ( apoenzyme)  b o t h  to  i t s  own  mic rosomes  ( ac t i va t -  
ing  coenzyme)  a n d  to  m i c r o s o m e s  f rom o t h e r  l ivers,  
i n c l u d i n g  r a t  l iver .  

T h e  t r y p t o p h a n  p y r r o l a s e  was  a c t i v a t e d  in  a l l  exper i -  
m e n t s  w i t h  one  excep t ion ,  n a m e l y  t h e  e x p e r i m e n t s  in  
w h i c h  t h e  s u p e r n a t a n t  f rom i m m a t u r e  n e w - b o r n  l iver  
was  p r e s e n t .  I n  t h e s e  cases  t h e  a c t i v i t y  was  n o t  d e t e c t e d  
e v e n  a f t e r  a d d i t i o n  of 3 m i c r o s o m e  equ iva l en t s ,  o b t a i n e d  
f rom r a t  l iver,  w h i c h  increase  t h e  a c t i v i t y  of t h e i r  o w n  

Table I. 

Temperature Control values* h after death 

2 4 18 

2°C 3.83 4- 0.47 + 44 + 18 
18-20 °C 4.98 -4- 0.37 + 156 + 181 + 190 

Kynurenine/zmoleslh/100 mg N. 

Table I I. Tryptophan pyrrolase activity in human liver 

No. Name, Age 
sex 

Weight Time Tryptophan Notes 
g h a pyrrolase 

kynurenine 
#moles/h/ 
100 mg N 

homo- super° 
genate b natant  b 

1 X Immature n.d. u.d. c 
new-born 

2 Y Immature n.d. n.d. d 
new-born 

3 G.L. m Immature 650 3 n.d. n.d. 
6th month 

4 G.E. m Monoehorioid 600 2 n.d. n.d. 
twin of No. 3 

5 G.BL f Premature 1200 1 n.d. n.d. e 
7th month 

6 G.Br, m twin of No. 5 1150 1 n.d. n.d. e 
7 Z.R. m New-born at 3200 0.37 1.37 f 

term 
8 S.A. m 3 days 3350 1 2.63 1.37 g 
9 G,L, m 4 days 3900 1 0,50 2.26 h 

10 M.E. m 25 years n.d. i 
11 L.F. m 28 years 1.01 k 
12 C.M. m 40 years 1.37 I 

a Time elapsed between the death and the removal of the liver 
sample, b n.d., not detectable. ¢,a Sex, weight (foetal) age and time 
of liver removal not reported, eBorn normally, died 10 h after birth. 
f Born normally/operated 5 h after birth for congenital aplasia of 
the abdominal wall, s Died from iso-immunization, a Died from 
hemiencephalia, t, 1 Operated for duodenal ulcer, k Operated for 
gastric ulcer. 

1 W. E. KNox and A. H. MEHLER, J. blol. Chem. ;87, 419 (1950). 
s F. M. CI~IANCON~, Enzymes o] Tryptopha~ .-~ nicotinic Acid Path- 

way in Newer Metkods o[ Nutritional Biochemistry (Academic 
Press, New York 1965), voL 2, p. 250. 

8 F. M. CmANCONE, Acta VitaminoL, Milano 17, 183 (1963). 
4 p. FmGELSON and O. GRSE~GARD, J. biol. Chem. 236, 153 (1961). 
5 0 .  GREENGARD, Advances in Enzyme Regulation (Pergamon Press, 

London 1964), voL 2, p. 277. 
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s u p e r n a t a n t  f r o m  two-  to  fourfold.  O n  t h e  o t h e r  h a n d ,  
t h e  mic rosomes  of i m m a t u r e  n e w - b o r n  a c t i v a t e  t h e  super -  
n a t a n t s  of h u m a n  a n d  r a t  l iver.  Therefore ,  even  if t h e  
t r y p t o p h a n  p y r r o l a s e  a c t i v i t y  is n o t  de t ec t ab le ,  t h e  
a c t i v a t o r  is p r e s e n t  in  i m m a t u r e  n e w - b o r n  l iver.  

T h e  p r o b l e m  arises w h e t h e r  t r y p t o p h a n  py r ro l a se  is 
s y n t h e t i z e d  b y  l iver  cells of h u m a n  foe tus  a t  some s t age  
of t he  d e v e l o p m e n t .  A s imi la r  p a t t e r n  h a s  b e e n  o b s e r v e d  
in  o t h e r  m a m m a l s  6,7. 

e n z i m a t i c a  ~ r i s u l t a t a  a s sen te  a n c h e  nel le  p r o v e  di a t t i -  
vaz ione  m e d i a n t e  a g g i u n t a  di  m ic rosomi  di legato .  

F.  ~[. CHIANCONE, E ,  GINOULHIAC, 
U.  BONOMI, L. T. TENCONI a n d  P.  CAREDDU 

Medical Department and Clinical Research Laboratory 
Lepetit s .p .A ,  and Pediatric Clinic o/ the University, 
Milan (Italy), 24th February 7967. 

Riassunto. Viene  d i m o s t r a t a  la  p r e s e n z a  di  a t t i v i t k  
t r i p t o f a n o  p i r ro las i ca  n e l l ' o m o g e n a t o  e ne l  s o p r a n a t a n t e  
o t t e n u t i  d a  c a m p i o n i  di f ega to  di  n e o n a t i  a t e r m i n e  e di 
adul t i .  Nel  l ega to  di n e o n a t i  i m m a t u r i  q u e s t a  a t t i v i t ~  

6 A. M. NEMETH, J. biol. Chem. 234, 2921 (1959). 
V. H. AUERBACrI and H. A. WAXSMANte, J. biol. Chem. 234, 307 
(1959). 

On the Quest ion  of  the  M e c h a n i s m  of Inhib i tory  
Effect of A c i d o s i s  on  Anaerob ic  Glyco lys i s  of 

E r y t h r o c y t e s  

A su i t ab l e  mode l  for  fol lowing t he  effects  of acidosis  on  
t h e  glucose u t i l i za t ion  is t h e  e r y t h r o c y t e  j u s t  for  i ts  
seve ra l  m e t a b o l i c  s impl i f ica t ions .  I t  is k n o w n  f rom t h e  
l i t e r a t u r e  t h a t  t h e  glycolysis  of a n o r m a l  m a t u r e  e r y t h r o -  
cy t e  d e p e n d s  on  t h e  p H  valueX,% Acidosis  w h i c h  is 
deve loped  in  a n  e x p e r i m e n t a l  shock  also r educes  t h e  
u t i l i z a t i o n  of glucose 3. 

T h e  effect  of acidosis  in  v i t r o  on  t h e  a n a e r o b i c  gly- 
colysis  was  fol lowed in f resh ly  s a m p l e d  b lood  of chn ica l ly  
h e a l t h y  donors .  T h e  e r y t h r o c y t e s  w a s h e d  in ice cold sa l ine  
were  r e s u s p e n d e d  in i so ton ic  p h o s p h a t e  buf fe r  of va r ious  
p H  a n d  en r i ched  w i t h  glucose to  t h e  f ina l  c o n c e n t r a t i o n  
of 100 m g  %.  T h e  bu f fe r  c a p a c i t y  of used  buf fe r  so lu t ions  
was  suf f ic ien t  e n o u g h  to  keep  t h e  c o n s t a n t  p H  v a l u e  of 
r e s u s p e n d e d  b lood  w i t h i n  t h e  t i m e  pe r iod  of 75 m i n  
i n c u b a t i o n .  The  e r y t h r o c y t e s  were i n c u b a t e d  a l w a y s  in  3 
bu f f e r  so lu t ions  of p H  6.1, 6.7 a n d  7.4. Af t e r  15 ra in  
l a s t i ng  i n c u b a t i o n  a t  4 °C occur red  t h e  e q u a l i z a t i o n  of p H  
v a l u e  b e t w e e n  t h e  e r y t h r o c y t e  a n d  buf fe r  so lu t ion  u p  to  
t h e  v a l u e  of 6.6, 6.95 a n d  7.35 respec t ive ly .  

T h e  e r y t h r o c y t e s  i n c u b a t e d  in  t h e  bu f f e r  of p H  6.1 a re  
p r o d u c i n g  a b o u t  2.5 t i m e s  less lac t ic  acid.  T h e  level  of 
p y r u v i c  acid in acid buf fe r  is s i m u l t a n e o u s l y  increased .  
I n  t h a t  w a y  t h e  r a t i o  l a c t a t e / p y r u v a t e  (L/P)  is f u r t h e r  
decreased.  T h e  d i f ference  in t h e  r a t i o  L / P  in  a lka l ine  a n d  
ac id  buf fe r  a f t e r  75 m i n  i n c u b a t i o n  is t w e n t y - f o l d  (Table) .  

T h e  d e p e n d e n c e  of t h e  r a t i o  L ] P  on  t h e  v a l u e  p H  in 
i n c u b a t e d  r e s u s p e n d e d  e r y t h r o c y t e s  was  e s t i m a t e d  u n d e r  
these  suppos i t i ons :  (1) t h e  p H  v a l u e  ins ide  t h e  e r y t h r o -  
cy te  a n d  in  t h e  i n c u b a t i o n  m e d i u m  a f t e r  15 m i n  equi l i -  
b r a t i o n  was  t h e  same,  (2) w i t h i n  t he  t i m e  pe r iod  of 
equ i l i b ra t ion ,  w h i c h  occurs  a t  4°C, p r ac t i ca l l y  no  gly- 
colysis  process  exis ts  a n d  t he r e fo re  n o  a c c u m u l a t i o n  of 
lac t ic  acid in  t h e  m e d i u m  ou t s ide  t h e  e r y t h r o c y t e  occurs.  
T h e  resu l t s  are  s t a t e d  in F i g u r e  1 a n d  show t h e  d i rec t  
d e p e n d e n c e  of t h e  r a t i o  L / P  u p o n  t h e  p H  value .  T h e  in- 

1 U, HINTERBERGER, W, GERISCHER-MOTHES, D. SUCKROW and 
S. RAPOPORT, Acta biol. reed. germ. 7, 57 (1961). 
L. TRIUER, M. MRLZ, J. KvPso~ and B. Z|c~A, Medna Pharmac. 
exp. 72, 190 (1965). 

a L. TmNER, J. KvPSOU, M. MRAz and B. ZfCHA, Medna exp. 10, 
103 (1964). 

Effect of the acidosis on the glycolytic activity of erythrocytes incubated on phosphate buffer of different pH values 

Timeof pH of phosphate buffer 
ineuba- 

6.1 6.7 7.4 tion at 
37 *C in rain pH of resuspended erythrocytes in phosphate buffer after 15 rain equilibrium time at 0 °C 

6.6 6.95 7.35 

L/P Lactate Pyruvate L]P Lactate Pyruvate LIP Lactate Pyruvate 

15 11.5 260 22.5 40 365 9,1 87 601 6.9 
30 9.5 360 38.0 47 570 12.0 110 880 8.0 
45 8.5 520 60.8 63 950 15.0 181 1590 8.0 
60 8,7 655 75.0 61 1090 18,0 177 1700 9.6 
75 8.7 853 98.3 58 1163 20.3 179 1850 10.3 

Metabolites are expressed in 10 -9 M/ml of resuspended erythrocytes and represent the mean value of 6 samples. Incubation procedure : washed 
erythrocytes were diluted by equal volume of isotonic phosphate medium consisting of 100 parts of isotonic phosphate buffer, 5 parts of 
0.155M KCI and 1 part of 0.11 M CaC12. The mixture was enriched by glucose to the final concentration of 100 mg % and equilibrated for 
15 min at 4 °C and then incubated aerobically at 37 °C in ultrathermostat without shaking. 


