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I n t e r f e r e n c e  by reactions of kynurenine metabolism in t h e  
estimation of tryptophan pyrrolase in rat-liver homogenate 

I n  a n  i n v e s t i g a t i , m  o f  a s p e c t s  o f  t h e  m e c h a n i s m  o f  t r y p t o . p h a n  ps~ro l ,x se  i n d u c t i o n  
u s i n g  a c o n t i n u o u s - p e r f ,  t s i o n  t e c h n i q u e  t. t h e  Ye.sult~ o f  w h i c h  a r e  t o  b e  p u b l i s h e d  
e l s e w h e r e ,  a ~ r y p t o p h a n  py t - ro t a~e  ~ , s a y  w a s  ~ s t a b l i s h e d  u.~in~ m i n o r  m o d i f i c a t i o n s  
o f  t h e  m e t h o d  o u t l i n e d  b y  K . ~ o x  *. T h e  s i g n i f i c a n t  m o d i f i c a t i o n  w a s  t h e  u s e  o f  a 
D o u n c e ,  h a n d - o p e r a t e d  h o m o g e x , i z e r *  i n s t e a d  ,~f a W a v i n g  b l e n d e r  f o r  d i s p e . r s i o n  o f  
t h e  t i s s u e .  U n d e r  t h e ~ e  c o n d i t i o n s ,  in con t ra .~ t  t c  t h o s e  o f  p r e v i o u s  w o r k c r ~  4.s. i t  
w a s  f o u n d  t h a t  t h e  k y n u r e n i n e  s y n t h e s i z e d  d u r i n g  i n c u b a t i o n  o f  t h e  h o m o g e n a t e  
w i t h  t r y p t o p h a n  w a s  b e i n g  f u r t h e r  m e t a b o l i z e d .  T h e r e f o r e ,  the. k v n u r e n i n e  c o n t e n t  
o f  t h e  i n c u b a t i o n  m i x t u r e  a t  t h e  e n d  o f  t h e  i n c t t b a t i o n  p e r i o d  w~.~ n o t  a t r u e  m e a s u r e  
o f  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 .  

T h e  i n c u b a t i o n  m i x t u r e  ( t o t a l  v o l u m e  3 . o m t  a n d  f i n a l  p H  7.o)  c o n t a i n e d  
9 / ~ m o l e s  L - t r y p t o p h a n .  x 5 o / ~ m o l e s  s o d i u m  p h o s p h a t e  b u f f e r  a l i : t  I 2 5  m g  r a t  l i v e r  
a s  a n  h o m o g e n a t e  (z2 .5~( , ,  w / v ,  in o . I 4  M KC]) .  I n c u b a t i o n  w a z  fo r  2 h a t  37°. 
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Fig.  i .  Absorp t ion  spec t ra  o f  the  reac t ion  produc ts  of  the t r y p t o p h a n  pyrrola.~e assay using an 
homogena te  fre~h]y p repared  wi th  a Dounce homt~genizer and  using pea t  of the  ~utne homogena te  
a f t e r  i t  M d  been frozen in a d r y  ice--acetone mix tu re  and immedia te ly  thawed.  Condi t ions  o f  
tummy were as  outltr-~d in the text .  Value~ represent  the  means  of  three de terminat ions .  C>~ O, 
freshly prepaxed homogcna te ;  H ,  frozen and thawed  homogenate ;  . . . . .  . au thent ic  

L- kynurenit t  e. 
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Afte r  dep ro t e in i za t i on  a n d  neu t r a l i za t ion ,  t he  a b s o r b a n c v  of  the  supe_rnatant  was  
d e t e r n d n e d  at in te rva l s  t h r o u g h o u t  the  r a n g e  o f  w a v e l e n g t h s  3o9-375  rap.  No  
difference in levels o f  a c " - ' i t y  was  f o u n d  b e t w e e n  m i x t u r e s  i n c u b a t e d  in an  a t m o s -  
phere  of  air  a n d  those  i n c u b a t e d  in o x y g e n .  All vaIues  g iven  were c o r r e c t e d  for 
con t ro l s  i n c u b a t e d  w i t h o u t  s u b s t r a t e  a n d  each  d e t e r m i n a t i o n  w&~ car r i ed  ou t  in 
t r ip l icate .  

As shown  in Fig.  x, C u r v e  I .  the  p r o d u c t s  o f  the  reacti<>n inc luded  o t h e r  c o m -  
p o u n d s  besides k y n u r e n i n e  which  showed  a b s o r p t i o n  wi th in  th is  range .  Th~-~e com-  
l ~ u n d s  were found  to  he the  p r o d u c t s  o f  k y n u r e n i n e  me tabo l i sm .  

I t  was  found  t h a t  such f u r t h e r  m e t a b o l i s m  o f  k y n u r e n i n e  or  " . ~ c o n d a r y  reac-  
t i ons"  could  be inh ib i t ed  to  a large  e x t e n t  b y  f reezing a n d  t h a w i n g  the  h o m o g e n a t e  
before  i n c u b a t i o n  wi th  s u b s t r a t e  (Fig. I ,  Cu rve  2). Thus .  on  the  basis  o f  the  A~0  ta, 

TABLE I 

E F F E C T  OF FREI~.ZING A N D  T H A W I N G  ON T H E  APPAR]LNT L E V F L  OF A C T I V I T Y  
OF  I " R Y P T O P H A N  P Y R R O L A S E  IN RAT-LXV:ER HOMOGE~A' I 'P .~  

]Ra,.-liver homogcnates were prepaxed using & Dounce, band-operated homogenizer. Tryptoph~n 
p~Trola~e a~say a.~ outlined in the text was carried out on the homogenates when freshly prepared 
and after freeziag and thawing, The L-kynurenine sFTtthe~ized ~ _ ~  t-~tlmAted from Atom m~ 
v,~lucs ush~g a rnolecttlar extinction coefficient of 4.55' ;o~. Nitrogen wa,q eatirnated by nessleriza- 
tion* and ~ae determinations were t~trried ,nut on trichloroacetie acid precipitates of  the homo- 

Senates. VMues represent the mcan~ with ~tandaxd deviation; of 5 determir~tion~. 

kymur~  ~ ~'r t 
Hom~gt~wte per ~ lim¢~ 

( t e a  ,t¢.) p ~  mS N 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F r e s h l y  p r e p a r e d  ~ . ~ 2  z~ o .  t 4  o÷o  5 ~ 0 . o 0 6  
F r o z e n  a n d  t h a w e d  2 . 4 8  ~_ 0 . 2  0 . o ~  ~ 0 . 0 0 8  

of  the  reac t ion  p roduc t s ,  i t  s eemed  t h a t  the  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  o f  a f rozen  
and  t h a w e d  h o m o g e n a t e  was  a b o u t  twice  t h a t  s h o w n  before  f reezing (Table  I). 
H o w e v e r ,  compa_rLson o f  the  a b s o r p t i o n  SlXctra  (Fig. x a n d  T a b l e  l I )  Lndicatcd t h a t  
th is  was  no t  necessar i ly  so. I t  is k n o w n  t h a t  r a t  l iver c o n t a i n s  r e l a t i ve ly  h igh  levels 
o f  k y n u r e n i n e  t r , m s a m i n a s e  (EC ~.6.1.7) a n d  kynu ren ina_~  ~ a n d  these  cou ld  the re fo re  
lead to  the  p r o d u c t i o n  o f  k~qxurenic ac id  a n d  an thxani l ic  ac id  f r o m  kya]urenine.  

TABLE II 

&I$SO)CI~A.~CY RA~']OS OF T H E  P R O D U C T ~  OF T H E  TRYI '1"OPHAN P Y R k O L A S E  ASSAY 

Homogerutte.~ of normal rat  ~ivcr were prepared a.q indicated below and assa .,ed for t ryptophan 
pyrrolase az outlined in the text. Th0 , ~ . . , , .  :~ ¢tue Mince* en+irely to L-kynurenine. 

~ r ~  ~ As a~IA l r .  ~ Asm mpJAstt ~# A~m~A,~t ,~ 

D o u  n e e  h o m o g e n a t e  
Freshly prepared 0.85 z,zz 1,24 (9} 
Frozen and t ~ w e d  0.28 0.78 l.zL (lb} 

Waring-blendor homosenate 
0, 5 rain 0.43 0 . 9 0  X.22 (2)  
2 ~ 0 . 2 9  0 . 7 8  1 . 2 0  ( I )  

Authentic z.-kyaurenine o.z6 0.72 s .2o 
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Assuming the p re~nce  o f  kynltr~-r, iue .  k y n u r e n k :  ac id  a n d  a n t h r a n i l i c  ac;.d, t h ~  

vahte~ Atea ma, Aaa3.  ~. a n d  A ~ , , ~ ,  we.re r~_.~.,_J...,e¢t using simultaneous cqu~_tionsL 
The calculated total  molar value.~ of kynnrenine,  kwturenic acid and anthranil ic 
acid from incubat ion mixtures  using freshly prepared homogenate¢, were very. close 
t o  t h o s e  o f  t h e  k y n u r e n i n e  p r o d u c e d  u ~ m g  f r o z e n  a n d  t h a w e d  b, o m o g e n a t e s .  

H o m o g e n a t e s  f r e s h l y  p r e p a r e d  f l 'o ln l i v e r s  tff r a t s  in w h i c h  a a~igh l e v e l  o f  t r y p -  

t o p h a n  t)_vrrola*e b a d  b e e n  i n d u c e d  b y  p r i o r  i n j e c t i o n  o f  t r y p t o p h a n  ° aL~t, show-: . ;  

f u r t h e r  m e t a l x d l s m  o f  t h e  k y n u r e n i n e  s y n t h e s i z e d  d u r i n g  t h e  a s s a y .  F reeT ; . . g  a n d  

thawing the homoge,aates l~fore assay again greatly reduced the~- "secondary 
react ions' '. 

Preparat ion of rat-Liver homogenates using a ~3.'aring blendor *-~ for x rain 
l a r g e l y  i n a c t i v a t e d  these.  " s e c o n d a r y "  r e a c t i o n s  as  .~l,own in T a b l e  I ! ,  w h i l e  u~;e o f  

a n  a l l - g l a s s ,  m a c h i n e - d r i v e n .  P o t t e r - E l v c h j e m  h o m o g e n i z e r  d i d  n o t .  H o w e v e r ,  i n  

t h e  a b s e n c e  o f  a d d e d  t r y p t o p h a n ,  t i s s u e  cli.~per~inn u~ ing  e i t h e r  a Vv 'ar ing b l e n d , r  

or a Po t t e r -E lveh jem homugenizcr caused rzpid inactivati tm - f  tile t,y.i~Lul~hml 
pyrrokL~e a~s shown in Table III .  

a -  

T.XBLE I i I 

F ~ F I - ' E c ' r  O F  D I I ' F E R E - ' ~ ' T  M E T H t I I ) 9 .  t l v  t i S S U E  L ~ I S P E R t / I u . a  G:"  T | I E  h C T I V | T " ~ "  

O F  T R Y P T O P 1 ~ I A N  PY . ~ R g | I . A S K  I N  R A T  L I V E R  

Ho,a~t)gelt~t~ of  normal  ra t  Livers were prc |~n~d a~ in¢licated below a n d  assayed for t ryp tophan  
pyrrola-se as out l ined in the text .  During tli ,persion using the Dounce and the P o t t e c - E l v c h j e m  
homogenizers the t empera tu re  of  the suspension was maint,xined a t  o -z  ~. Although chilh;d a t  
f requent  interx, ats. the contents  of  the  Waxing blendc, r rose to 3.5 ° after o.5 rain, 7.5 ° after t 1sin. 
14 ~ af ter  z rain anti zo" =fter 3 rain. A sample of  the o.5-min ht)mogenattt: was prcincubat, :d for 
z min at zo ~ before addi t ion of  aubstarate. The  homog, erk~tes prepaxet" with the Dounce and tht: 
P o t t e r - E l v e h j e m  homogenizers were frozt:n and thawed before assay. Act iv i ty  is expressed as 

2amoltm kynuren ine  synthesized/g liver {wet wt.)!h. 

"F:¢~ a / h 0 ~ t n * e e r  

M~,chine drivert 
Po t te r -  Elvehjem 

VCaring blender  

D o u n c e 0  h a n d - o p u r ~ t ~ r d  
homogenizJzr 

§ P r e i n c u b a t e d  2 rain at  2 o  ~. 
" Pr¢paxed f rom the same pool of  tg~ue~ 

Dq~.per*z~,n lit¢,l~ ( r a i n /  

~ . j  ., .t. 5 .z ? 

2~2 1 . 4  I÷ tJ  

x-4 2-7 z-5 ~.z z. 4 
1.6  ° 2. 4 I÷9 1.3 
2,5°§ 

z.4" z. 4 z~3 z+z z.3 

S t o r a g e  o f  h o m o g e n a t e s  a t  - - 2 0  ° fu r  p e r i o d ~  f r o m  z h u p  t o  :3 d a y s  d i d  n o t  
affect the  t r y . ' q p h a n  pyrrolase ac t iv i ty  provided each sample was frozen and 
thawed on ly  t, ...'ce. Freezing and thawing  homogenates  a second and third t ime 
caused a decrease in t ryptophan  pyrrota_se act iv i ty  of  3 - 4  % each time. 

In view of  these results, homogenates  for um in t ryptophan  pyrrolase assays 
were rout ine ly  frozen and thawed before incub=_tion wi th  s~bstrate.  Homngenates  
were prepared ush,g  a Dounce,  hastd-opernted homogenizer  kept at o - z  ° in an ice- 
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w a t e r  b a t h ,  aa~d a f t e r  f i l t r a t i on  t h r o u g h  fou r  thick_nesscs o f  c h e e s e - c l o t h  w e r e  
r a p i d l y  f rozen  in  a dxy  ice - -ace tone  b a t h .  F r o z e n  h o m o g e n a t e s  w e r e  e i t h e r  s t o r e d  
a t  - - z o  ~ for  s u b s e q u e n t  use  o r  i m m e d i a t e l y  th:~wed r a p i d l y  b y  i n t e r m i t t e n t  i m m e r -  
sion ~ i t h  ~-igorous s h a k i n g  in a w a t e r  b a t h  a t  37*- Care  w a s  t a k e n  n o t  to  a l low t h e  
t e m p e r a t u r e  o f  t h e  h o m o g e n a t e  to  r ise a b o v c  4 -5" -  T h a w e d  h o m o g e n a t e s  we re  
i m m e d i a t e l y  t r a n s f e r r e d  to  an  i c e - w a t e r  b a t h .  W h e n  h o m o g e n a t e s  we re  u sed  w i t h o u t  
s to rage ,  i n c u b a t i o n  w i t h  su[  s t r a t e  w a s  u s u a l l y  b e g u n  ,~i thin  z o - 3  o rain a f t e r  t h e  
d e a t h  o f  t h e  an ima l .  

W e  wish  to  t h a n k  Misses K.  Fo~.~v ,  I .  L t ) x ~ x s  a n d  M. MORAS for  t e c h n i c a l  
a s s i s t ance .  T h i s  i n v e s t i g a t i o n  w a s  s u p p o r t e d  in p a r t  b y  a g r a n t  {C-536o ) f r o m  the  
N a t i o n a l  Cance r  I n s t i t u t e ,  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h ,  U.S.  Pub l i c  H e a l t h  Serv ice .  
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Studies of small inr.estine during development  

!1. The intracel lular  location of intestinal ~-iala~tosidase 

sc  x I o 3 9  

R e c e n t  s tud ies  h a v e  i n d i c a t e d  t h a t  i n t e s t i n a l  ~q-galactosidasc (EC 3 . z . x . z3 )  c a n  be  
s c d i m e n t c d  w i t h  t h e  " n u c l e a x "  a n d  m i c r o s o m a l  f r a c t i o n s  d e r i v e d  f r o m  a n  h o m o g e n a t e  
ofintest~:~al  m u c o s a  ~. I n  l iver  s e v e r a l  ac id  h y d r o l a s e s  axe c o n t a i n e d  w i t h i n  a l y s o s o m e ,  
w h i c h  w h e n  d i s r u p t e d  will r e lease  t h e  a c t i v e  enz)~rnes s. T h i s  s t u d y  wa~ d e s i g n e d  to  
d e t e r m i n e  m o r e  a c c u r a t e l y  t h e  d i s t r i b u t i o n  o f  / / - ga l ac tos idase  b y  c o m p a r i n g  i t s  
ce l lu la r  l oca t i on  w i t h  t h a t  o f  ac id  p h o s p h a t a s e  (EC 3.x.3.z)  a n d  ~ - g ] u c u r o n i d a s e  
( E C 3 . z . x . 3 ; )  ( t y p i c a l  l y s o s o m a l  e n z y m e s )  a n d  a l so  w i t h  a lka l i ne  p h o s p h a t a s e  
(EC 3.z .3 .x) .  an  e n z y m e  a s s o c i a t e d  w i t h  t h e  b r u s h  b o r d e r  s. 

R a t s  o f  ~ e  W t s t a x  s t ra i t , ,  z -  4 d a y s  o f  age  were  used .  T h e  m e t h o d  o f  p r e p a r a t i o n  
o f  t h e  i n t e s t i n a l  h o m o g e n a t e ,  t h e  c e n t r i f u g a l  f r a e t i o n a t i o n  ( e x c e p t  fo r  t h e  use  o f  a 
s o m e w h a t  h i g h e r  force ,  600 x g, fo r  . ~ d i m e n t a t i o n  o f  t h e  n u c l e a r  f r ac t i on )  a n d  t h e  
/~/-galactosidase a s s a y ,  u s ing  l a c t o s e  as s u b s t r a t e  h a v e  b e e n  d e s c r i b e d  1. H o m o g e n a t e s  
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