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ENZYME TREATMENT OF NEOPLASIA: THE EFFECTS OF PHENYLALANINE

AMMONIA-LYASE ON NORMAL AND LEUKEMIC LYMPHOCYTES

CHAPTER I  

INTRODUCTION

A cute  Lym phocytic Leukemia

The leukem las a r e  d is e a s e s  o f  th e  le u k o p o ie t ic  t i s s u e s .  An 

ex cess  o f  le u k o c y te s  i s  p roduced  a t  th e s e  s i t e s  o f  o r i g i n ,  w ith  o r  w ith ­

o u t a  c o rre sp o n d in g  in c r e a s e  in  le u k o c y te s  in  th e  p e r ip h e r a l  b lo o d . The 

d is e a s e  i s  d iv id e d  i n t o  fo u r  m ajor c a te g o r ie s —  ly m p h o cy tic , g r a n u lo c y t ic ,  

m o n o cy tic , o r  p la sm o c y tic — depending  on th e  predom inant ty p e  of le u k o c y te  

p r e s e n t .  Leukemia p ro g r e s s e s  r a p id ly  in  th e  a c u te  form and more s lo w ly  in  

th e  c h ro n ic  form , b u t  i t  i s  a lm o st i n e v i t a b ly  f a t a l .

The most common form  o f a c u te  leu k em ia  a f f e c t s  lym phoid t i s s u e ,  

p ro d u c in g  so  many lym phocy tes t h a t  th e y  c o n s t i t u t e  up to  99% o f  th e  t o t a l  

le u k o c y te  p o p u la t io n  u s u a l ly  in  th e  im m ature ly m p h o b la s tic  form . The 

d is e a s e  h a s  i t s  h ig h e s t  in c id e n c e  in  c h i ld r e n  under f iv e  y e a r s  o ld . In  

a d u l t s  o v e r 25 , i t  i s  r e l a t i v e l y  r a r e  ( 1 ) .  The symptoms and s ig n s  o f  

a c u te  leukem ia  in c lu d e  f e v e r ,  anem ia, l e s i o n s  o f th e  o r a l  mucosa, 

hem o rrh ag es, and e n la rg em e n t o f  th e  s p le e n ,  l i v e r ,  and lymph g lan d s 

( 2 ,3 ) .

V arious a g e n ts  have been im p lic a te d  in  th e  e t io lo g y  o f leukem ia .

V iru se s  have been shown to  cause  c e r t a i n  m urine leukem las ( 4 - 6 ) ,  and
1



v i r u s - l i k e  p a r t i c l e s  have  been  a s s o c ia te d  w ith  f e l i n e  ( 7 ) ,  c a n in e  (8 ) ,  

bov ine  (9 ) ,  and human (1 0 ,1 1 ) leu k em las . A ll  th e  n a tu r a l l y  o c c u r r in g  

leukem ogenic v i r u s e s  c o n ta in  RNA and p o s s e s s  an  RNA-dependent DNA 

polym erase ( r e v e r s e  t r a n s c r ip t a s e )  (1 2 -1 4 ) .  The RNA-dependent DNA 

polym erase  would e n a b le  an  oncogenic  RNA v i r u s  to  form a  com plem entary 

DNA which co u ld  be in s e r t e d  in to  th e  h o s t  DNA and p o s s ib ly  t r a n s m it te d  

from g e n e ra t io n  to  g e n e r a t io n  ( v e r t i c a l  t r a n s m is s io n ) . O th e r work has 

shown th a t  r e v e r s e  t r a n s c r i p t a s e  i s  p r e s e n t  n o t on ly  in  th e  lym phocytes 

from humans w ith  a c u te  leukem ia  (15) b u t  i n  lym phocytes from  norm al 

donors (1 6 ) . However, Todaro e t  a l .  (17 ) have  re p o r te d  t h a t  th e  enzyme 

found in  norm al c e l l s  can  be  p h y s ic a l ly  s e p a ra te d  from th e  enzyme o f 

oncogenic  v i r u s e s  grown In  th e  c e l l s .

In  a d d i t io n  to  v i r u s e s ,  o th e r  a g e n ts  h ave  been  shown to  cause  

leu k em las . Law e t  a l .  (18) u sed  s k in  p a in t in g s  w ith  m e th y lc h o la n th re n e  

to  in d u ce  a  ly m p h o b la s tic  leukem ia  (L1210) in  a  fem ale DNA m ouse. T h is  

leukem ia co u ld  be  m a in ta in e d  by su b cu tan eo u s  i n j e c t io n s  o f  leukem ic  c e l l s  

from t h i s  mouse i n to  o th e r  DBA m ice .

R a d ia tio n  h a s  a l s o  been  im p lic a te d  in  th e  e t io lo g y  o f  leukem ia 

w ith  i r r a d i a t i o n  b e fo re  b i r t h  o r  d u rin g  in fa n c y  p ro d u c in g  a c u te  leukem las 

in d is t in g u is h a b le  from  th o s e  p re d o m in a tin g  in  th e  g e n e ra l  p o p u la t io n  

d u rin g  ch ild h o o d  (1 9 ) .

Anim als w ith  s p e c i f i c  ty p es  o f  leu k em las  a r e  u n a b le  to  s y n th e ­

s i z e  c e r t a i n  n o n e s s e n t ia l  amino a c id s  i n  a d eq u a te  amounts and  th u s  

r e q u i r e  exogenous a s p a ra g in e  (20) and s e r i n e  (2 1 ) . C o n seq u en tly , 

a s p a ra g in a s e ,  an enzyme w hich d eam ln a tes  a sp a ra g in e  to  a s p a r t i c  a c id  and 

ammonia, h as  been  found e f f e c t i v e  in  s u p p re s s in g  leukem las in  mice



(2 2 -2 4 ) , lymphosarcoma in  dogs (2 5 ) , and a c u te  lym phocytic  leukem ia , 

leukem ic lym phosarcom a, and lymphosarcoma in  humans (2 6 ,2 7 ) .  The 

p ro c e ss  by w hich  L -a sp a ra g in a se  ap p ears  to  s e l e c t i v e ly  s t a r v e  m alignan t 

c e l l s  has been  r e f e r r e d  to  a s  amino a c id  d e p le t io n  th e ra p y  (2 7 ) .

The m alignancy m ost re sp o n s iv e  to  L -a sp a ra g in a se  tre a tm e n t has 

been a c u te  lym phocy tic  leukem ia  (2 8 -3 2 ). The enzyme a p p e a rs  to  induce 

re m iss io n  in  a p p ro x im a te ly  20-26% o f th e  p a t i e n t s  t r e a t e d .  The d u ra tio n  

o f re m iss io n  v a r ie s  from 30 to  175 d ay s , w ith  a median o f 58-90  days 

when th e  p a t i e n t  i s  m a in ta in ed  on s u p p o r t iv e  th e ra p y  w ith  o th e r  drugs 

such a s  m e th o tre x a te  and 6 -m e rc a p to p u rin e . In  some c a s e s ,  a  second 

b r i e f  re m is s io n  o f  th e  d is e a s e  can be  o b ta in e d  w ith  L -a s p a ra g in a s e . 

However, r e s i s t a n c e  to  t h i s  enzyme i s  e a s i l y  a c q u ire d  and can n o t be 

overcome by in c r e a s in g  th e  d o se . In  m ice and humans w ith  leu k em ia , t h i s  

r e s i s ta n c e  r e s u l t s  from an in c r e a s e  in  a sp a ra g in e  s y n th e ta s e  a c t i v i t y  

(3 3 ,3 4 ) .

A s e r io u s  s id e  e f f e c t  o f a sp a ra g in a se  tre a tm e n t i s  h y p e r­

s e n s i t i v i t y  (2 7 ,2 8 ,3 0 ,3 2 ,3 5 ,3 6 ) .  P a s s iv e  h e m a g g lu tin a tin g  a n tib o d ie s  

have been  i d e n t i f i e d  (37) in  p a t i e n t s  s u f f e r in g  from a n a p h y la c t ic  shock 

a f t e r  t re a tm e n t w ith  L -a s p a ra g in a s e . L -a sp a ra g in a se  a l s o  ap p ea rs  to  

have c e r t a i n  im m unosuppressive p r o p e r t ie s  (3 8 ,3 9 ) . O ther e f f e c t s  o f L- 

a s p a ra g in a s e  tre a tm e n t have  been  hypoalbum inem ia, h y p o fib r in o g e m ia , and 

h y p o c h o le s te ro le m ia  (3 2 ,4 0 -4 3 ) . A p p a re n tly , L -a sp a ra g in a se  p roduces 

l i t t l e  im pairm en t in  bone marrow p ro d u c tio n  (2 7 ,2 8 ,3 4 ,3 5 ) , b u t 

ray e lo su p p ress io n  has been  n o te d  (3 2 ) . H yperglycem ia and g ly c o s u r ia  

have a ls o  been  re p o r te d  (4 0 ,4 4 ) . Some n e u r o lo g ic a l  d is tu r b a n c e s ,  

in c lu d in g  le th a r g y ,  som nolence , and c o n fu s io n , have been  o b serv ed  a f t e r  

L -a sp a ra g in a se  tre a tm e n t (2 8 ,3 5 ,4 0 ) .



S e v e ra l s tu d ie s  (4 5 ,4 6 ) showing th e  d i s t r i b u t i o n  and c le a ra n c e  

o f L -a sp a ra g in a se  in d ic a te  t h a t  th e  enzyme is  most c o n c e n tra te d  In ihc 

lymph, b i l e ,  and c e r e b r o s p in a l  f lu id  w i th in  2 -3  h o u rs  a f t e r  in tra v e n o u s  

a d m in is t r a t io n .  I t  does n o t  p a ss  r e a d i l y  from  v a s c u la r  to  t i s s u e  sp ace . 

C lea ran ce  o f  th e  enzyme a p p e a rs  to  depend upon i t s  s o u rc e . For exam ple, 

g u in ea  p ig  a s p a ra g in a s e  r e q u i r e s  3 o r  more days to  be  c le a r e d ,  w hereas 

y e a s t  a sp a ra g in a s e  i s  c le a r e d  in  l e s s  th a n  1 h o u r . E s c h e r ic h ia  c o l i  L - 

a sp a ra g in a se  has a  h a l f - l i f e  o f  8-24 h o u r s ,  depending  on th e  p r e p a r a t io n .  

The enzyme seems n o t  to  be e x c re te d  in  a p p re c ia b le  q u a n t i t i e s  in  u r in e  o r 

b i l e  n o r  e l im in a te d  by th e  r e t i c u l o e n d o t h e l i a l  sy stem .

N o n e s s e n t ia l  amino a c id s  can be  removed from an an im al ( in c lu d in g  

humans) o n ly  by in  v iv o  a d m in is t r a t io n  o f  th e  a p p ro p r ia te  enzym es.

However, e s s e n t i a l  amino a c id s  can be  d e p le te d  sim p ly  by d i e t a r y  

r e s t r i c t i o n .  T h is  h a s  b een  shown to  e f f e c t i v e l y  su p p re ss  a  v a r i e ty  o f 

s o l id  tum ors.

D ie ta ry  c y s t in e  d e f ic ie n c y  (47) and ly s in e  d e f ic ie n c y  (48) have 

been shown to  i n h i b i t  th e  developm ent o f  sp o n tan eo u s  mammary tumors in  

C3H m ice . More r e c e n t ly ,  d i e t s  low in  p h e n y la la n in e  have  b een  re p o r te d  

to  m arked ly  i n h i b i t  th e  developm ent o f  sp o n tan eo u s  mammary h y p e r p la s t i c  

a lv e o la r  n o d u le s  and tum ors i n  fem ale  C3H fem ale  v i r g i n  m ice (4 9 ) . In  

a n o th e r  s tu d y  on th e  e f f e c t s  o f  amino a c id  r e s t r i c t i o n  on th e  growth o f 

fem ale  C57BL m ice and t h e i r  im p lan ted  BW10232 adenocarcinom as (5 0 ) , low 

d i e t a r y  le v e l s  o f  t ry p to p h a n e , th r e o n in e ,  le u c in e ,  o r  m e th io n in e  

s i g n i f i c a n t l y  in h ib i t e d  tum or grow th b u t  a l s o  d e p re sse d  h o s t  w e ig h t. In  

c o n t r a s t ,  low d i e t a r y  l e v e l s  o f  p h e n y la la n in e , v a l in e ,  o r  i s o le u c in e  

s i g n i f i c a n t l y  i n h ib i t e d  tum or w eig h t w ith o u t a f f e c t in g  h o s t  w e ig h t.



M oreover, low p h e n y la la n in e - ty ro s in e  d i e t s  su p p re ssed  S91 mouse melanomas 

in  DBA/2 m ice (5 1 ,5 2 ) ; th e  same d i e t s  used  in  t r e a t i n g  p a t i e n t s  w ith  

advanced m a lig n a n t melanoma caused  a c e s s a t io n  o f  tumor grow th and an 

absence  o f new c l i n i c a l l y  e v id e n t  m é ta s ta s é s . I n  some p a t i e n t s ,  d e f i n i t e  

tumor r e g r e s s io n  o c c u rre d . Low p h e n y la la n in e  d i e t s  w ere a ls o  shown to  

cause  s i g n i f i c a n t  tumor i n h i b i t i o n  a g a in s t  a  v a r i e t y  of an im al tum ors, 

in c lu d in g  mouse hepatom a (BW7756), mouse mammary adenocarcinom as 

(H2712 and CaD^) and p leo m o rp h ic  sarcom a S180 (5 3 ) . In  humans, th e  same 

d i e t  i n h ib i t e d  a  v a r i e ty  o f  s o l id  tum ors (5 4 ) . A m inim al l e v e l  of 

p h e n y la la n in e  was found w hich had no a p p a re n t a d v e rse  e f f e c t s  upon th e  

h o s t  w h ile  i n h ib i t i n g  tum or g row th . These r e s u l t s  w ere o b ta in e d  w ith  

m e ta s ta t i c  v u lv a r  m a lig n a n t melanoma, s e v e re  c h ro n ic  Hodgkins d is e a s e ,  

and advanced p e lv ic  squamous c e l l  carc inom a. A p e r io d  o f 4 to  6 weeks 

o f th e  d e f i c i e n t  d i e t  was r e q u ir e d  to  s i g n i f i c a n t l y  low er th e  serum amino 

a c id  l e v e l s .  S in ce  norm al c e l l s  as w e ll  as tum or c e l l s  r e q u i r e  e s s e n t i a l  

amino a c id s ,  th e  i n h i b i t i o n  o f  tumor grow th m ig h t be d o se -d ep en d en t; in  

one s tu d y  (5 5 ) , th e  amino a c id  c o n c e n tra t io n  o f  tum ors was found to  be 

1 .2 -1 1  tim es t h a t  of su rro u n d in g  norm al t i s s u e .  However, a  m inim al le v e l  

o f  e s s e n t i a l  amino a c id s  i s  r e q u ire d  by norm al c e l l s .  In  an im al 

ex p erim en ts  (56) fo rc e d  fe e d in g  of d i e t s  d e f i c i e n t  in  c e r t a in  e s s e n t i a l  

amino a c id s  caused  v a ry in g  amounts o f  tum or i n h i b i t i o n  b u t a ls o  r e s u l te d  

in  a  n e g a t iv e  n i t ro g e n  b a la n c e .



Human Normal and Leukemic 
Lymphocytes in  C u ltu re

Lymphocytes can  be I s o la t e d  from o th e r  b lo o d  le u k o c y te s  by 

s e p a r a t io n  on g la ss -w o o l colum ns. S e p a ra tio n  by t h i s  method i s  e x c e l le n t  

because  lym phocytes do n o t r e a d i ly  ad h ere  to  g l a s s ,  w h ile  o th e r  leu k o ­

c y te s  such  as p o ly m orphonuclear c e l l s  a r e  e a s i l y  ad so rb ed . L ig h t 

m icroscopy  s tu d ie s  (57) have in d ic a te d  t h a t  th e  p o p u la tio n  o f  le u k o c y te s  

in  b lood  s e p a ra te d  on g la s s -w o o l columns com p rises  95-97% sm a ll lympho­

c y te s  (d ia m e te r  7-10 p) and l e s s  than  1% la r g e  lym phocytes (12-15  u ) .  

L a te r  s tu d ie s  u s in g  th e  e l e c t r o n  m icroscope (58) have shown th a t  c o n tro l  

c u l tu r e s  in c u b a te d  up to  8 days c o n ta in  l e s s  th a n  1% la r g e  c e l l s .  The 

le u k o cy te  p o p u la t io n  rem ains unchanged d u r in g  t h i s  p e r io d , w ith  no 

s i g n i f i c a n t  a l t e r a t i o n  i n  lym phocyte f in e  s t r u c t u r e ;  c e l l  d ia m e te r  

ra n g e s  from 5 to  8 p . The s m a ll  lym phocytes th em selv es  seem to  be  

h e te ro g e n e o u s , c o n s i s t in g  o f  b o th  s h o r t - l i v e d  and lo n g - l iv e d  c e l l s  (59, 

6 0 ) . L o n g -liv ed  b lo o d  lym phocytes c o n s t i t u t e  ap p ro x im a te ly  65% o f  th e  

sm all p e r ip h e r a l  b lo o d  lym phocy tes; th e  p e rc e n ta g e  o f lo n g - l iv e d  c e l l s  

ran g es  from 90% in  th e  th o r a c ic  d u c t to  0-5% in  th e  thymus and bone 

marrow.

P e r ip h e r a l  b lo o d  lym phocytes can  be m a in ta in ed  in  t i s s u e  c u l tu re  

in  a  v ia b le  s t a t e  f o r  s e v e r a l  d ay s . Sm all b u t  m easu rab le  r a t e s  o f  RNA 

and p r o te in  s y n th e s is  a r e  o b se rv ed , b u t  e s s e n t i a l l y  no n u c le a r  DNA 

s y n th e s is  o ccu rs  i n  th e s e  c u l tu r e s  (6 1 ,6 2 ) .

S tu d ie s  by H ungerford  e t  a l .  (63) and l a t e r  by N ow ell (64) 

showed th a t  th e  a d d i t io n  o f p h y to h e m a g g lu tin in  (PHA), an e x t r a c t  from 

th e  red  k idney  bean (P h aseo lu s  v u lg a r i s ) s t im u la te s  lym phocytes to  

undergo DNA s y n th e s is  and c e l l  d iv i s io n .  Normal lym phocytes re a c h



maximum DNA s y n th e s is  a t  3 to  4 days a f t e r  PHA s t im u la t io n  (6 5 ) . 

Lymphocytes t r e a te d  in  t h i s  fa sh io n  w i l l  undergo 3-4 c e l l  d iv i s io n s ,  

w ith  a l i f e s p a n  o f a p p ro x im a te ly  2 weeks (6 6 ) .

In  c o n t r a s t  to  lym phocytes from  norm al d o n o rs , w hich do n o t 

s y n th e s iz e  DNA, lym phocytes from  p a t i e n t s  w ith  a c u te  lym phocytic  leukem ia 

do in c o rp o ra te  H -thy ia id ine  in to  DNA, due to  im m ature lym phocytes ( b la s t  

c e l l s )  in  th e  p e r ip h e r a l  b lo o d . The g e n e ra t io n  tim e  o f th e  d iv id in g  

leukem ic c e l l s  ap p ea rs  to  v a ry  c o n s id e ra b ly , th e  s h o r te s t  t o t a l  g e n e r­

a t io n  tim e u s u a l ly  b e in g  60-70 h o u rs  (6 7 ) . S tu d ie s  (68 ,69) have  shown 

th a t  th e  la b e l in g  o f b l a s t  c e l l s  w ith  ^H -thym idine in  a c u te  ly m p h o b la s tic  

leukem ia  i s  low ; th e  l a b e l in g  index  i s  u n ifo rm ly  and d i s t i n c t l y  low er in  

b lo o d  th an  in  marrow. These r e s u l t s  in d ic a te  t h a t  n o t a l l  leukem ic  b l a s t  

c e l l s  a re  a c t i v e ly  s y n th e s iz in g  DNA and u n d e rg o in g  m i to s is .  However, 

r e c e n t  s tu d ie s  (7 0 ,7 1 ) i n d i c a t e  th a t  th e  leukem ic  b l a s t  c e l l s  n o t  in  the  

a c t i v e  grow th c y c le  a r e  n o t a l l  e n d -s ta g e  c e l l s ;  a t  l e a s t  some o f  th e se  

may p o t e n t i a l l y  e n te r  th e  a c t i v e  g e n e r a t iv e  c y c le .  P ro longed  c u l t i v a t i o n  

o f  ly m p h o b lasts  in  c u l tu r e  r e s u l t s  in  t h e i r  m a tu ra tio n  to  m atu re  lympho­

c y te s  w hich a re  n o t  la b e le d  w ith  % -th y m id in e  (7 2 ) . P ro longed  c u l t i v a ­

t io n  o f th e  leukem ic  c e l l s  in  c u l tu r e  i s  p o s s ib le  u s in g  a s u p p o r tin g  

la y e r  o f  c e l l s  t h a t  have  ad ap ted  to  grow th in  t i s s u e  c u l tu r e  (7 3 ,7 4 ) .

C e l l  l i n e s  o f ly m p h o b la s ts  have been  d e r iv e d  from norm al p e rso n s  as w e ll 

a s  from p a t i e n t s  w ith  m a lig n a n c ie s  (7 5 ,7 6 ) . B iochem ical p r o p e r t i e s  o f 

norm al and leukem ic  le u k o c y te s  have been  rev iew ed  e lsew h ere  (7 7 ,7 8 ) .



L5178Y M urine Leukemic 
Lym phoblasts

M urine leukem ic  ly m p h o b lasts  r e q u i r e  a su p p o r tin g  la y e r  o f  

mouse f i b r o b l a s t s  f o r  s u c c e s s fu l  p ro p a g a tio n  (7 9 ) . However, i n  1957, a 

m urine ly m p h o b la s tic  leukem ia c e l l  l i n e  was i s o l a t e d  t h a t  would grow in  

su sp e n sio n  c u l tu r e  i n  the  com plete absence  o f  nonleukem ic c e l l s  (8 0 ) .

The o r ig in  o f th e  L5178Y l i n e  was re p o r te d  to  have been  p roduced  by 

m e th y lc h o lan th ren e  in  an a d u l t  DBA/2 mouse (8 1 ) . The L5178Y w i l l  grow 

as an a s c i t e s  tum or i n  DBA/2 m ice . However, i f  i n j e c te d  i n t r a p e r i t o n e a l ly  

in to  m ice o f  o th e r  s t r a i n s ,  th e  c e l l s  i n i t i a l l y  grow b u t a r e  r e j e c t e d  by 

a  hom ograft r e a c t io n  a f t e r  a p p ro x im a te ly  10 d a y s . A more d e t a i l e d  

d e s c r ip t io n  o f  th e  grow th  o f L5178Y c e l l s  iri v iv o  i s  g iven  e lse w h e re  (8 2 ) . 

The grow th o f th e  L5178Y c e l l s  i n  c u l tu r e  r e q u i r e s  a  h ig h  l e v e l  o f  f o l i c  

a c id ,  as  w e ll  as th e  p re sen c e  o f  a  p e p to n e . The p ep to n e  re q u ire m e n t has 

s in c e  been  shown (85) to  be p a r t i a l l y  due to  a re q u ire m e n t o f  th e s e  c e l l s  

fo r  L -a s p a ra g in e . F is c h e r  (86) c lo n ed  th e  L5178Y c e l l s  on a  fe e d e r  la y e r  

o f  c h ick  f i b r o b l a s t s ,  y ie ld in g  seven  p u re  l i n e s  by two c o n se c u tiv e  

c lo n in g  p ro c e d u re s . T im e-lap se  p h o tog raphy  has d em o n stra ted  t h a t ,  

a lth o u g h  c e l l s  from  one p u re  l i n e  (L5178Y) s e t t l e  to  th e  bo ttom  o f  th e  

c u l tu r e  f l a s k ,  th e y  rem ain  s p h e r ic a l  and do n o t a t t a c h  to  g la s s  th ro u g h ­

o u t th e  l i f e  c y c le  (8 7 ) .

The g e n e r a t io n  tim e o f  th e  c e l l s  in  m edia supplem ented  w ith  

h o rse  serum  (8%) h a s  been  re p o r te d  to  be 7 .6 -1 4  h o u rs , depend ing  on th e  

p a r t i c u l a r  l o t  o f  h o rse  serum (8 8 ) . The g e n e ra t io n  tim e o f  th e  c e l l s  

has a ls o  been  shown to  be te m p e ra tu re -d ep e n d e n t w ith  th e  Gĵ  and S phase 

o f  th e  c e l l  c y c le  m ost m arkedly  a f f e c te d  (8 9 ) . At th e  optimum grow th



te m p e ra tu re  o f  37°C, th e  S and Gĵ  p h ases  o f  c e l l  c y c le  In  c e l l s  w ith  a 

10.8  hour g e n e ra t io n  tim e occupy 66.3% and 22% o f  th e  g e n e ra t io n  tim e , 

r e s p e c t iv e ly .  The G2  and M p h ase s  occupy on ly  8% and 3.6%, r e s p e c t iv e ly  

(9 0 ) . O ther re q u ire m e n ts  f o r  optimum grow th o f th e  c e l l s  in c lu d e  a pH 

m a in ta in ed  in  th e  re g io n  o f  6 .6 - 7 .7  and a  volume r a t i o  o f  a i r  to  medium 

o f 6 :1  (8 6 ) .

The L5178Y c e l l s  have a  s t a b l e  d ip lo id  m odel chromosome number 

o f  43 , w hich rem ains th e  same i n  v iv o  o r  in  v i t r o  (9 1 ) . The k a ry o ty p e  o f 

the  I.5178Y c o n ta in s  no m e ta c e n tr ic  chromosomes and in  t h i s  r e s p e c t  

resem bles th e  norm al mouse c e l l  (9 2 ) . These f in d in g s  in  L5178Y m urine 

ly m p h o b la s tic  leukem ia  c o n t r a s t  w ith  th e  f in d in g s  i n  many human a cu te  

leukem las (93) w here a b n o irm a litie s  ra n g e  from m inor rea rra n g em e n ts  in  a 

d ip lo id  chromosome arrangem en t to  e x te n s iv e  a l t e r a t i o n s  in  b o th  

chromosome number and m orphology; th e  m ost m arked changes have been 

observed  in  some o f  th e  a c u te  ly m p h o b la s tic  leukem las o f c h ild h o o d .

E le c tro n  m ic ro g rap h s o f  th e  L5178Y c e l l s  i n  c u l tu r e  have 

d em o n stra ted  th e  e x is te n c e  o f  Type-A and Type-C v i r u s - l i k e  p a r t i c l e s  

(9 4 ,9 5 ) . The c e l l s  have a l s o  been  shown to  have an RNA-dependent DNA 

polym erase (9 6 ) . O ther b io c h e m ic a l s tu d ie s  have been  perform ed on th e  

L5178Y m urine leukem ic  ly m p h o b la s ts , in c lu d in g  a) p r o t e in ,  g ly c o p ro te in ,  

and l i p i d  s y n th e s is  in  i n t a c t  c e l l s  (9 7 -9 9 ) , b ) p r o t e i n ,  g ly c o p ro te in , 

RNA, and DNA s y n th e s is  in  i s o l a t e d  m ito c h o n d ria  (1 0 0 ) , and c ) RNA 

(1 01 ,102 ) and DNA (103 ,104 ) s y n th e s i s  in  i n t a c t  c e l l s .  A p p aren tly  th e  

c e l l s  can a l s o  r e j o i n  s in g l e - s t r a n d  b re a k s  induced  in  DNA w ith o u t 

n e c e s s i t a t i n g  DNA, RNA o r p r o te in  s y n th e s is  (1 0 5 -1 0 7 ).
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The growth o f  L5I78Y leukem ic ly m p h o b lasts  i n  c u l tu r e  i s  

in h ib i t e d  by a v a r i e ty  o f  a g e n ts ,  in c lu d in g  r a d i a t i o n  (1 0 8 -1 1 4 ), 

a lk y la t in g  a g e n ts  (1 1 5 ,1 1 6 ) , p y rim id in e  a n a lo g s  (1 1 7 -1 2 1 ), hydroxyurea  

o r formamidoxime (1 2 2 ) , h y d roxyguan id ine  (1 2 3 ) , 6 -m e rc a p to p u rin e , 6 -  

(m e th y lm ercap to )p u rin e  r ib o n u c le o s id e  (1 2 4 ) , m e th o tre x a te  (8 3 ) , 

a m e th o p te r in  (8 6 ) , a n t ib o d ie s  (1 2 5 ), t re a tm e n t w ith  enzymes to  remove 

f o l i c  a c id  (1 2 6 ), and a s p a ra g in e  (127) from th e  medium. The r e s p i r a t i o n  

o f th e s e  c e l l s  i s  i n h ib i t e d  by th e  common r e s p i r a t i o n  i n h i b i t o r s  (1 2 8 ) .

P h e n y la la n in e  Ammonia-Lyase 

P h e n y la la n in e  am m onia-lyase (B.C. 4 .3 .1 ,5 )  i s  an enzyme th a t  

c a ta ly z e s  th e  d eam in a tio n  o f  p h e n y la la n in e  to  tra n s -c in n a m ic  a c id  and 

ammonia. The enzyme h as  been  found in  a  w ide v a r i e t y  o f  p la n t s  (129-134) 

and fu n g i (1 3 5 ,1 3 6 ) . I n  p l a n t s ,  th e  p ro d u c t o f  p h e n y la la n in e  d eam in a tio n , 

c innam ic  a c id ,  i s  u sed  to  make c e l l  w a l l  s t r u c t u r e s  i n  a  p ro c e ss  

g e n e r a l ly  r e f e r r e d  to  a s  l i g n i n  fo rm a tio n  (1 3 7 ) . A c t iv i ty  o f  th e  enzyme 

has been  shown to  be in d u c ib le  in  pea pods by th e  a d d i t io n  o f  p o ly -L - 

ly s ln e ,  sp e rm id in e , o r  h is to n e  f r a c t io n s  (1 3 8 ). P o ta to  tu b e r  

p h e n y la la n in e  am m onia-lyase has been p u r i f i e d  more th a n  3 0 0 -fo ld  (1 3 3 ).

I t  h as  an e s tim a te d  m o le c u la r  w e ig h t o f  3 3 0 ,000 ; and i t s  a c t i v i t y  i s  

in h ib i te d  by ca rb o n y l r e a g e n ts  ( e .g .  NaBH^) b u t  u n a f fe c te d  by s u lfh y d ry l  

r e a g e n ts .

P h e n y la la n in e  am m onia-lyase h a s  a ls o  been  found in  b a c t e r i a  (139) 

and in  y e a s t—  p r im a r i ly  Sporobolom yces p a ra ro s e u s  (140 ,141) and 

R h o d o to ru la  g l u t i n i s  (1 4 2 -1 4 4 ). The enzyme from Sporobolom yces 

p a ra ro se u s  h as  been  p u r i f i e d  more th a n  4 5 0 -fo ld  (1 4 5 ) . I t  h a s  a m o lecu la r 

w e ig h t betw een 275,000 and 30 0 ,0 0 0 , w ith  fo u r  s u b u n its  o f  eq u a l m o lecu la r 

w e ig h t betw een 70 ,000  and 7 4 ,0 0 0 . The enzyme d eam in a tes  b o th
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p h e n y la la n in e  and ty r o s in e  and i s  in a c t iv a te d  by c a rb o n y l, am ino, and 

s u l f h y d r y l  r e a g e n ts .  D eh y d ro a lan in e  h as  been  shown to  be p re s e n t  a t  th e  

a c t i v e  s i t e  and i s  e s s e n t i a l  f o r  c a t a l y t i c  a c t i v i t y  o f  th e  enzyme.

P h e n y la la n in e  am m onia-lyase h as  been  p u r i f i e d  ap p ro x im ate ly  

4 8 .5 f o ld  from R h o d o to ru la  g l u t i n i s  by Hodgins (143 ,144) by s a l t  

f r a c t io n a t io n s  and Sephadex chrom atography . The enzyme has an 

ap p ro x im ate  m o le c u la r  w e ig h t o f  275 ,000 . I t  i s  in a c t iv a te d  by 

b o ro h y d rid e  o r  cy an id e  and by re a g e n ts  a t ta c k in g  e i t h e r  amino o r 

s u l f h y d r y l  g ro u p s . E v idence  s u g g e s ts  t h a t  d e h y d ro a lan in e  i s  a t  th e  

a c t i v e  s i t e  o f  th e  enzym e. The enzyme h as  been  shown to  have a  p rim ary  

s u b s t r a t e  a f f i n i t y  f o r  L -p h e n y la la n in e  and L - ty r o s in e .  However, i t  w i l l  

d eam ln a te  a  v a r i e ty  o f  s u b s t r a t e  a n a lo g s . In c lu d in g  D L-3-hydroxy- 

p h e n y la la n in e  and D -p h e n y la la n ln e . The a b i l i t y  o f  th e  R hodo to ru la  

g l u t i n i s  enzyme to  d eam ln ate  b o th  p h e n y la la n in e  and ty ro s in e  h as  a ls o  

been d em o n stra ted  by Uchiyama £ t  (1 4 6 ).

S p e c if ic  Aims

The alms o f t h i s  r e s e a rc h  w ere t o :  a ) i s o l a t e  and p u r i f y

p h e n y la la n in e  am m onia-lyase  from  R h o d o to ru la  g l u t i n i s  f o r  u se  in  t i s s u e  

c u l tu r e  w ith  norm al and leukem ic  lym phocy tes, b) a s c e r t a in  th e  e f f e c t s  

o f th e  enzyme on th e  grow th and v i a b i l i t y  o f b o th  norm al human lym phocytes 

and lym phocytes from  p a t i e n t s  w ith  a c u te  ly m p h o b la s tic  leukem ia , c) 

t e s t  th e  e f f e c t s  o f  t h i s  enzyme on m urine leukem ic  ly m p h o b la s tic  (L5178Y) 

grow th  and on m acrom olecu lar s y n th e s is  in  th e s e  c e l l s ,  and d) compare 

p h e n y la la n in e  am m onia-lyase tre a tm e n t w ith  L -a sp a ra g in a se  t r e a tm e n t;  and 

d i e t a r y  d e p r iv a t io n  o f  p h e n y la la n in e  w ith  p h e n y la la n in e  am m onia-lyase 

t re a tm e n t In  th e  a b i l i t y  o f  each  to  i n h i b i t  c e l l  d iv i s io n  o f th e  m urine 

leukem ic  ly m p h o b la s ts .



CHAPTER I I  

MATERIALS AND METHODS

M a te r ia ls  

Human Lymphocytes 

For th e  s tu d i e s  on norm al ly m p h o cy tes, 500-m l sam ples o f  

p e r ip h e r a l  b lood  w ere c o l le c te d  from norm al fem ale  donors who had 

f a s te d  o v e rn ig h t .  Each sam ple was c o l l e c te d  in  b o t t l e s  c o n ta in in g  

h e p a r in  to  p re v e n t c o a g u la t io n .

For th e  s tu d i e s  on a c u te  ly m p h o cy tic  leukem ia  (ALL) lym phocy tes, 

50-ml b lood  sam ples w ere c o l le c te d  from p a t i e n t s  w ith  ALL. T h ese , to o , 

were t r e a te d  w ith  h e p a r in .  A ll  p a t i e n t s  had e le v a te d  w h ite  b lood  c e l l  

co u n ts  w ith  d i f f e r i n g  amounts o f  im m ature lym phocytes ( ly m p h o b las ts )  In  

th e  p e r ip h e r a l  b lo o d . The p a t i e n t s  e i t h e r  had re c e iv e d  no p r i o r  t r e a t ­

ment f o r  t h e i r  d i s e a s e ,  o r  had been t r e a t e d  a t  l e a s t  3 months p r io r  to  

th e  tim e  o f b lood  c o l l e c t i o n .

M urine Leukemic Lym phoblasts (L5178Y)

For th e  s tu d i e s  on m urine le u k em ia , th e  L5178Y m urine leukem ic 

ly m p h o b la s tic  c e l l  l i n e  was o b ta in e d  from  D r. Judson S p a ld in g , N a tio n a l 

I n s t i t u t e s  o f  E n v iro n m en ta l H e a lth  S c ie n c e s , R esearch  T r ia n g le  P a rk , 

N orth  C a ro lin a .

12
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C e ll  C u ltu re

H eparin  was p u rch ased  from th e  Upjohn Co. (Kalamazoo,

M ich ig an ). A column packed w ith  g la s s  w ool (Owens C o m in g , C om ing ,

New Y ork) was u sed  to  s e p a r a te  human lym phocytes from o th e r  w h ite  c e l l s .  

D uring th e  lym phocyte i s o l a t i o n  s t e p ,  c e l l s  were suspended in  E a g le 's  

m inim al e s s e n t i a l  medium (MEM). McCoy's m o d ified  5A medium w ith o u t 

a n t i b i o t i c s ,  g lu ta m in e , o r  serum was u sed  to  c u l tu r e  th e  human 

lym phocytes. F i s c h e r 's  medium w ith o u t a n t i b i o t i c s  b u t w ith  g lu tam ine  

was u sed  to  c u l tu r e  th e  m urine leukem ic  ly m p h o b la s ts . F or in c u b a t io n  o f 

the  human lym phocy tes, th e  McCoy's 5A medium was supplem ented  w ith  

g lu tam in e  and 10% f e t a l  c a l f  serum . F i s c h e r 's  medium supplem ented  w ith  

1 0 % h o rse  serum  and 1 % p e n ic i l l i n / s t r e p to m y c in  was used  to  c u l tu r e  th e  

m urine L5178Y ly m p h o b la s ts . E a g le 's  m in im al e s s e n t i a l  medium, McCoy's 

m o d ified  5A medium, F i s c h e r 's  medium, m ed ia  su p p lem en ts , and E a r l e 's  

b a lan ced  s a l t  s o lu t io n  w ere  p u rch ased  from  Grand I s la n d  B io lo g ic a l  Co. 

(Grand I s la n d ,  New Y o rk ). C e l l  c u l tu r e  m a n ip u la tio n s  w ere perform ed  in  

a la m in a r flow  hood (P u re  A ire  C o rp ., Van Nuys, C a l i f o r n ia )  to  reduce  

c o n tam in a tio n  by a i r  b o rn e  o rg an ism s. The c e l l  c u l tu r e s  w ere in cu b a ted  

in  a  w a te r - ja c k e te d  CO2  in c u b a to r  (N a tio n a l A pp liances C o ., C herry H i l l ,  

New J e r s e y ) .  F o r th e  human ly m p h o cy tes, b o n e-d ry  g rad e  OO2  (M atheson 

C o ., E a s t R u th e rfo rd , New J e r s e y )  was u sed  to  r e g u la te  th e  in c u b a to r  a t  

5% COg in  b a la n c e d  a i r .  F iv e  p e rc e n t  CO2  (M atheson C o ., E a s t  R u th e rfo rd , 

New J e r s e y )  was added to  th e  F i s c h e r 's  medium, a n t i b i o t i c s ,  and 

supp lem ents to  a d ju s t  th e  pH to  a p p ro x im a te ly  7 .0  b e fo re  th e  L5178Y 

ly m p h o b las ts  w ere in c u b a te d . P h y to h em ag g lu tin in -P  was purchased  from 

D ifco  L a b o ra to r ie s  ( D e t r o i t , M ich ig an ). R h o d o to ru la  g l u t i n i s  was
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p u rch ased  from P-L B lo c h e m lc a ls , In c . (M ilwaukee, W isc o n s in ). L- 

a s p a ra g in a s e  was p u rch ased  from  M erck, S h a rp , and Dohme (West P o in t ,  

P e n n s y lv a n ia ) .

L-amino a c id s  and n u c le o s id e s  ( L - ty r o s in e - 3 ,5 -  H, L - le u c in e - 4 ,5 -  

^H, th y m id in e-m eth y l-^H  and u r i d i n e - 6 -^H ) w ere o b ta in e d  from New England 

N uclear C orp. (B o sto n , M a s sa c h u se tts ) . L -pheny la lan ine-^^C (U L ) was 

o b ta in e d  from  A m ersham -Searle (A r l in g to n  H e ig h ts , I l l i n o i s ) .  Cinnamic 

ac id  and  coum aric  a c id  w ere o b ta in e d  from  Sigma C hem ical Co. (S t .  L o u is , 

M is s o u r i) .

O th e r E x p erim en ta l M a te r ia ls

A ll  common ch em ica l re a g e n ts  w ere  p u rchased  from  Baker Chem ical 

Co. ( P h i l l ip s b u r g ,  New J e r s e y ) .  Q u a n t i ta t iv e  s tu d ie s  on DNA, RNA, and 

p r o te in  w ere  perfo rm ed  w ith  a  G ilfo rd  sp e c tro p h o to m e te r  (G ilfo rd  

In s tru m e n t L a b o r a to r ie s ,  O b e r l in ,  O h io ). P aper chrom atography was 

perfo rm ed  on Whatman p a p e r  No. I (C u r tin  S c i e n t i f i c  C o ., H ouston , T ex as) . 

U l t r a v io le t - a b s o r b in g  m a te r ia l  on th e  p a p e r  ch rom atographs was lo c a te d  

w ith  a  M ineral i g h t  UV lamp ( U l t r a - v i o l e t  P ro d u c ts , I n c . ,  San G a b r ie l ,  

C a l i f o r n i a ) .  R a d io a c t iv i t i e s  w ere d e te rm in ed  e i t h e r  on a  Vanguard s t r i p  

c o u n te r  (Vanguard In s tru m e n ts ,  N orth  H aven, C o n n e c tic u t)  o r  w ith  a  l iq u id  

s c i n t i l l a t i o n  c o u n te r  (N u c lea r C hicago , C hicago , I l l i n o i s ) .  C e l l  co u n ts  

w ere d e te rm in ed  w ith  a  C o u lte r  C ounter Model B (C o u lte r  E le c t r o n ic s ,  

H ia le a h , F lo r id a )  o r  a  hem acytom eter (C u r tin  S c i e n t i f i c  C o ., T u lsa , 

Oklahoma) and an Olympus l i g h t  m ic ro sco p e  (A ctino  Rex, S p r in g f ie ld ,  

M is s o u r i ) . The pH was m easured on a  R adiom eter Copenhagen pH m eter 

(London C o ., W estlak e , O h io ). A b so rp tio n  s p e c tr a  o f  c in n am ic  and 

coum aric a c id s  w ere d e te rm in ed  on a C ary re c o rd in g  sp e c tro p h o to m e te r
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(A pplied  P h y s ic s  C o rp ., M onrovia , C a l i f o r n i a ) .  Sm all amounts o f known 

s ta n d a rd s  w ere weighed on a  Cahn m ic ro b a lan ce  (V entron  In s tru m e n ts  C o rp ., 

Param ount, C a l i f o r n ia ) .

Methods

P r e p a ra t io n  o f  P h e n y la la n in e  Ammonia-Lyase 

P h e n y la la n in e  am m onia-lyase (PAL) was p re p a re d  by th e  method o f  

Hodgins (143) from th e  y e a s t  R hodo to ru la  g l u t i n i s . One u n i t  o f 

p h e n y la la n in e  am m onia-lyase i s  d e fin e d  a s  th e  amount o f  enzyme n e c e s sa ry  

to  p roduce  1 praole o f  c innam ic  a c id  p e r  m inu te  a t  30°C. The r e a c t io n  

m ix tu re  (1 m l) c o n s is te d  o f  0 .8 3 3  mM L -p h e n y la la n in e , 0 .1  M T rls-H C l 

(pH 8 .5 )  and 10 p i  o f  enzym e. F iv e  s e p a r a te  p r e p a r a t io n s  gave enzymes 

ra n g in g  in  s p e c i f i c  a c t i v i t y  from 0 .4 8  to  1 .25 u n i t s  p e r  m illig ra m  o f 

p r o te in .  The a c t i v i t y  o f  h ig h ly  p u r i f i e d  p h e n y la la n in e  am m onia-lyase 

v a r ie d  in  s p e c i f i c  a c t i v i t y  from 0 .5 - 1 .2  u n its /m g  p r o te in  (1 4 3 ). The 

enzyme p r e p a r a t io n  was d ia ly z e d  a g a in s t  0 .0 5  M T ris -H C l (pH 8 .5 )  f o r  24 

h o u rs  and s t e r i l i z e d  w ith  a  M ill ip o re  f i l t e r  (0 .2  p ) .  The enzyme was 

s to r e d  a t  4°C b e fo re  u se  i n  t i s s u e  c u l tu r e  a t  37°C.

S t a b i l i t y  o f  PAL 

The s t a b i l i t y  o f  PAL a t  4°C i n  d i f f e r e n t  c o n c e n tra t io n s  was 

d e te rm in ed  a t  v a r io u s  i n t e r v a l s  u n t i l  th e  enzyme was d e p le te d .  A liq u o ts  

( 1 0  p i )  o f  th e  enzyme p r e p a r a t io n  w ere a ssay ed  f o r  enzyme a c t i v i t y  by

th e  m ethod o f Hodgins (1 4 3 ) .

The s t a b i l i t y  o f  PAL a t  37®C in  F i s c h e r 's  medium p lu s  10% h o rse  

serum (FHS) w ith  and w ith o u t  c e l l s  was a l s o  de te rm in ed  a t  v a r io u s

I n te r v a l s  d u rin g  in c u b a t io n .  C e lls  w ere removed from  th e  in c u b a tio n

medium by c e n t r i f u g a t io n  a t  1 0 0 0  x g f o r  1 0  m in u tes  and th e  s u p e rn a ta n t 

was d e ca n te d  f o r  use  i n  th e  enzyme a s s a y .
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P r e p a ra t io n  o f  Cinnam ic Acid-^^C and Coumaric Acid-^H

Cinnamic acid-^^C (U L ) and coum aric a c id -3 ,5 -^ H  w ere p rep a red  

e n z y m a tic a lly . A 1-m l r e a c t io n  m ix tu re  c o n ta in in g  L -p h en y la lan in e -^ ^ C  

(50 pC i) in  0 .0 5  M T r i s - C l ,  pH 8 .5 ,  was In c u b a te d  w ith  1 ,2  u n i t s  o f 

p h e n y la la n in e  am m onia-lyase f o r  64 h o u rs . A nother m ix tu re  c o n ta in in g  

L - ty r o s in e - 3 ,5-^11 (1 mCi) was in c u b a ted  w ith  0 .6  u n i t s  o f p h e n y la la n in e  

am m onia-lyase fo r  52 h o u rs . In  th e  l a t t e r  r e a c t io n ,  u n la b e le d  L - ty ro s in e  

(I mg) was added to  p ro v id e  a d d i t io n a l  s u b s t r a t e .  The r e a c t io n s  were 

s to p p ed  by th e  a d d i t io n  o f  c o n c e n tra te d  HCl (0 .1  m l) . The m a te r ia l  was 

then  c o o led  to  4° f o r  30 m in u te s  and c e n tr i f u g e d  a t  23,500 x g f o r  5 

m in u te s . Each a c i d i f i e d  s u p e rn a ta n t  (0 .5  m l) was d i lu te d  to  1 .5  ml w ith  

d i s t i l l e d  w a te r  and e x t r a c te d  w ith  d i e th y l  e th e r  (3 m l) . The aqueous 

la y e r  was r e e x t r a c te d  once more w ith  e t h e r .  The two e th e r  e x t r a c t s  w ere 

combined and r e e x t r a c te d  w ith  0 .1  N sodium  h y d ro x id e  (2 m l) . T h is  

p ro c e d u re  was a m o d if ic a t io n  o f  th e  method o f Uchiyama e t  a l .  (1 4 6 ).

Cinnam ic acid-^^C (U L) and coum aric a c id -3 ,5 -^ H  w ere s e p a ra te d  by 

d e scen d in g  p ap er ch rom atography  in  1- b u ta n o lz a c e t ic  a c id z w a te r  (450 :50 : 

125) (1 4 7 ) . A Vanguard p a p e r chrom atogram  sc a n n e r  was used  to  f in d  the  

r a d i o a c t i v i t y  on th e  p a p e r ,  and UV l i g h t  was used to  lo c a te  th e  cinnam ic 

and coum aric  a c id s .  Each p r e p a ra t io n  c o n ta in e d  o n ly  one r a d io a c t iv e  

peak ; th e s e  peaks co rre sp o n d ed  to  c innam ic  a c id  and coum aric a c id  

s ta n d a r d s ,  r e s p e c t iv e ly .  The ab so rb an ce  s p e c t r a  o f  th e  c innam ic  a c id  

and coum aric  a c id  u sed  a s  s ta n d a rd s  w ere d e te rm in ed  by d is s o lv in g  known 

amounts o f  b o th  a c id s  in  NaOH (O .I N) and u s in g  a  Cary re c o rd in g  

s p e c tro p h o to m e te r . The a b s o rp tio n  s p e c t r a  th u s  de term in ed  w ere compared 

to  th o se  shown by Uchiyama ejt a l .  (146) f o r  c innam ic  a c id  and coum aric 

a c id  in  NaOH (0 .1  N ),
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D eterm in a tio n  o f R ate  o f  C onversion  o f  L -P h en y la lan in e  
and 1-T y ro s in e  to  Cinnamic Acid and Coumaric 

Acid by P h e n y la la n in e  Ammon la -1 .y as e

FHS (15 m l) , e i t h e r  w ith  o r  w ith o u t added leukem ic c e l l s ,  was 

t r e a te d  w ith  p h e n y la la n in e  am m onia-lyase a t  v a r io u s  c o n c e n tr a t io n s .  The 

r a t e s  o f d eam in a tio n  o f  p h e n y la la n in e  and ty r o s in e  were d e te rm in ed  

s p e c t ro p h o to m e tr ic a l ly ; th e  fo rm a tio n  o f  c innam ic  a c id  and coum aric  a c id  

was m easured a f t e r  t h e i r  e x t r a c t i o n  from  th e  m edia by a  m o d if ic a t io n  o f 

th e  method o f Uchiyama e t  a l .  (146). The e f f i c i e n c y  o f e x t r a c t i o n  was 

d e term ined  by add ing  th e  p re p a re d  r a d io a c t iv e  p ro d u c ts ,  c in n am ic  acid -^^C  

(UL)(6 ,6 0 0  dpm) and coum aric  a c id -3 ,5 -^ H  (2 0 ,7 0 0  dpm) to  th e  m edia 

(0 .5  m l) b e fo re  e x t r a c t i o n .  These r a d io a c t iv e  s ta n d a rd s  d id  n o t 

c o n t r ib u te  s i g n i f i c a n t l y  to  th e  f i n a l  a b so rb an c es  o f  th e  u n la b e le d  

cinnam ic and coum aric a c id s  (<0.05 A ). The c o n c e n tra t io n s  o f  c innam ic 

and coum aric a c id  p roduced  by tre a tm e n t w ith  p h e n y la la n in e  am m onia-lyase 

w ere m easured s p e c tro p h o to m e tr ic a l ly  a t  268 and 333 my, r e s p e c t iv e ly ,  

a g a in s t  an absorbancy  c u rv e  w ith  known amounts o f  c innamic and coum aric 

a c id s .  An a d d i t io n a l  c o r r e c t io n  was u sed  to  com pensate f o r  th e  coum aric 

a c id  abso rb an ce  a t  268 my (2 4 ) .  The c o n c e n tr a t io n s  o f c innam ic  and 

coum aric a c id s  were th en  c o r r e c te d  f o r  th e  e f f i c i e n c y  o f e x t r a c t i o n  to  

d e te rm in e  th e  a c tu a l  am ounts o f  each p ro d u ced . The e f f i c i e n c y  o f 

e x t r a c t io n  was d e te rm in ed  by adding  0 .5 -m l a l iq u o t s  o f th e  medium to  15 

ml B ray ’ s s o lu t io n  a f t e r  th e  f i n a l  e x t r a c t i o n  w ith  0 .1  N NaOH (1 5 0 ). 

R a d io a c t iv i ty  was counted  on a  N u c lea r C hicago l iq u id  s c i n t i l l a t i o n  

c o u n te r  u s in g  a  barium  e x te r n a l  s ta n d a rd  quench c o r r e c t io n  cu rv e  fo r  

co u n tin g  doub ly  la b e le d  and sam ples (1 5 1 ) . The s ta n d a rd s  used  in  

d e te rm in in g  th e  quench c o r r e c t io n  cu rv e  w ere o b ta in e d  by ad d in g  d i f f e r e n t
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amounts o f  O .I N NaOH to  B ra y 's  s o lu t io n  c o n ta in in g  known am ounts o f 

and la b e le d  s ta n d a rd s .

The t o t a l  p h e n y la la n in e  and ty r o s in e  c o n c e n tra t io n s  in  FHS were 

determ ined  in d e p e n d e n tly  by th e  en zym atic  p ro c e d u re  d e sc r ib e d  below  and 

by f lu o ro m e try  (1 4 8 ,1 4 9 ) . In  th e  en zy m atic  d e te rm in a t io n , L -p h en y la la n in e - 

(135 ,000  dpm) and L - ty ro s in e -3 ,5 -^ H  (131 ,000  dpm) w ere added to  1 ml 

o f FHS. The pH o f  th e  medium was a d ju s te d  to  8 .5  w ith  1 N NaOH fo r  

o p tim a l enzyme a c t i v i t y .  The medium was th e n  in c u b a te d  w ith  5 .0  u n i t s  o f  

p h e n y la la n in e  am m onia-lyase (1 m l) f o r  a p p ro x im a te ly  65 h o u rs . The 

r e a c t io n  was te rm in a te d , and cinnam ic and coum aric  a c id s  w ere determ ined  

as  d e s c r ib e d  above. Both m ethods gave e s s e n t i a l l y  th e  same v a lu e s  fo r  

p h e n y la la n in e  (55 p g /m l) and ty r o s in e  (115 p g /m l) in  FHS.

P r e p a r a t io n  o f D ia ly zed  H orse Serum

Twenty m i l l i l i t e r s  o f  h o rse  serum  (HS) were d ia ly z e d  a g a in s t  

E a r l e 's  b a la n c e d  s a l t  s o lu t io n  (BBSS) f o r  a p p ro x im a te ly  65 h o u rs  w ith  a 

volume r a t i o  o f  BBSS to  HS o f  2 0 :1 . The BBSS was changed a t  24-hour 

I n t e r v a l s .  To d e te rm in e  th e  p h e n y la la n in e  rem a in in g  a f t e r  d i a l y s i s ,  L- 

pheny la lan lne-^^C (U L ) (3 .5  x 10^ dpm) was added to  th e  h o rs e  serum  b e fo re  

d i a l y s i s .  A liq u o ts  o f th e  h o rse  serum  w ere  th e n  assayed  f o r  r a d io ­

a c t i v i t y  u s in g  B ra y 's  (150) o r  G ord o n 's  (152) s o lu t io n  and l i q u id  

s c i n t i l l a t i o n  s p e c tro s c o p y  a t  th e  tim es i n d ic a te d .

C e ll  C u ltu re

Human norm al ly m p h o cy tes . Blood lym phocytes from norm al fem ale 

donors w ere p re p a re d  f o r  c u l tu r e  by th e  p ro c e d u re  o f A b e ll e t  a l . (6 5 ) , 

which I s  a  m o d if ic a t io n  o f  th e  method o f Cooper and Rubin (1 5 3 ) . One
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u n i t  (500 m l) o f  h e p a r in iz e d  b lo o d  ( 1 0 , 0 0 0  u n i t s  h e p a r in /u n i t  b lo o d ) was 

drawn from a f a s t i n g  norm al fem ale  donor and t r a n s f e r r e d  to  s t e r i l e  

p l a s t i c  50-m l c e n t r i f u g e  tu b e s  w ith  tw is t  c ap s . The b lood  was allow ed 

to  s e t t l e  f o r  1 ho u r in  an in c u b a to r  a t  37°C. The le u k o c y te - r ic h  plasm a 

la y e r  was s e p a ra te d  and mixed w ith  an e q u a l volume o f E a g le 's  m inim al 

e s s e n t i a l  medium (MEM) prewarmed to  37°C. A p u r i f i e d  lym phocyte 

p o p u la tio n  was o b ta in e d  by p a s s in g  th e  c e l l  su sp e n sio n  th ro u g h  a  column 

c o n ta in in g  g la s s  w ool. W right s t a i n  sm ears showed th a t  th e  e f f l u e n t  

c o n ta in e d  97-99% lym phocytes (1 6 5 ) .

Lymphocyte p e l l e t s  w ere o b ta in e d  by c e n t r i f u g a t io n  a t  280 x g 

fo r  30 m in u te s  a t  room te m p e ra tu re . The s u p e rn a ta n t  was removed and th e  

lym phocytes w ere  resu spended  in  a  sm a ll volume o f  m odified  McCoy's 5A 

medium. The c e l l s  w ere co un ted  on a  hem acytom eter and re su sp en d ed  a t  a 

c o n c e n tra t io n  o f  10^ c e l l s  p e r  5 ml o f  m o d ified  McCoy's 5A medium 

supplem ented  w ith  10% f e t a l  c a l f  serum and 1% L -g lu tam in e  i n  2-ounce 

p r e s c r i p t io n  b o t t l e s .  The lym phocyte c u l tu r e s  in  b o t t l e s  w ith  lo o se  l i d s  

were in c u b a te d  a t  37°C in  an atm osphere  o f  5% CO2  in  b a lan c e d  a i r .

Human leukem ic lym phocy tes . For ALL c e l l s ,  th e  t o t a l  leu k o cy te  

p o p u la tio n  was used  in  th e  t i s s u e  c u l tu r e  p ro c e d u re . The p ro ced u re  was 

th e  same a s  t h a t  used  f o r  th e  p r e p a ra t io n  o f norm al lym phocytes excep t 

th a t  o n ly  50 ml o f  h e p a r in iz e d  b lo o d  (1000 u n i t s  h e p a r in /5 0  ml b lood ) was 

drawn from  p a t i e n t s  w ith  ALL, and th e  s e p a r a t io n  s te p  u s in g  th e  g la ss  

wool column was o m itte d . The le u k o c y te s  w ere c u l tu re d  in  2-ounce 

p r e s c r i p t i o n  b o t t l e s  w ith  lo o se  l i d s  a t  a c o n c e n tra t io n  o f 1 0 ^ c e l l s  p e r  

5 ml o f  m o d if ie d  McCoy's 5A medium supplem ented w ith  10% f e t a l  c a l f  serum 

and 1% L -g lu tam in e  a t  37°C in  an atm osphere c o n ta in in g  5% COg in  balanced  

a i r .
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Mu rin e  leukem ic ly m p h o b la s ts . M urine leukem ic ly m p h o b lasts  

(L5178Y) were c u ltu re d  in  th e  medium d e s c r ib e d  by F is c h e r  ( 8 8 ) .

Im m ediately  b e fo re  u s e , 10% h o rse  serum and 1% p e n ic i l l in / s t r e p to m y c in  

(750 u n i t s  p e n i c i l l i n ,  750 ug s tre p to m y c in )  w ere added to  t h i s  medium in  

4-ounce p r e s c r i p t io n  b o t t l e s ,  to  a  t o t a l  volume o f 15 m l. The com plete 

medium was g assed  w ith  5% CO2  u n t i l  i t  tu rn e d  amber (pH 7 .0 ) .  A f te r

ru b b e r s to p p e rs  w ere in s e r te d  t i g h t l y  in to  th e  b o t t l e s ,  th e  m edia were 

in cu b a ted  a t  37°C f o r  30-60 m in u te s . L5178Y c e l l s  (1000/m l) w ere then  

added and a llow ed  to  re a c h  th e  lo g a r ith m ic  grow th ph ase  b e fo re  b e in g  used 

fo r  e x p e r im e n ta l d e te rm in a tio n s .

A ssessm ent o f  c e l l  d iv is io n  and c e l l  v i a b i l i t y . C e l l  d iv is io n  

o f  th e  L5178Y m urine leukem ic  ly m p h o b lasts  was d e te rm in ed  by u se  o f a 

hem acytom eter o r  a  C o u lte r  C oun ter Model B. C e l l  v i a b i l i t y  was d e term ined  

by th e  F .ry th ro s in  B dye e x c lu s io n  t e s t  (154) u s in g  0 .2  ml o f  0.4% 

E ry th ro s in  B p e r  m i l l i l i t e r  o f  c e l l  s u sp e n s io n . The p r e p a r a t io n  was 

examined m ic ro s c o p ic a l ly  w i th in  30 m inu tes a f t e r  s t a i n in g .  Dye up tak e  

was a s s o c ia te d  w ith  a  lo s s  o f c e l l  v i a b i l i t y .

A ssessm ent o f  m acrom olecu lar s y n t h e s i s . DNA s y n th e s i s  was 

e s tim a te d  by th e  u p tak e  o f  t r i t l a t e d  th ym id ine  (Th-M e-% , 2 .0  and 6 .7  C i/  

mmole, 2 p C i/m l) , w hich was added to  th e  c u l tu r e s  2 h o u rs  b e f o r e  th e  

r e a c t io n  was s to p p e d . KNA and p r o te in  s y n th e s is  w ere e s t im a te d  by th e  

u p tak e  o f t r i t l a t e d  u r id in e  (U r-6 - % ,  10 .4  C i/m m ole, 2 y C i/m l) and 

t r i t l a t e d  le u c in e  ( L - le u - 4 ,5 - % , 5 .0  Cl/m m ole, 2 p C l/m l) , r e s p e c t iv e ly ,  

which w ere added to  th e  c u l tu r e s  30 m in u tes  b e fo re  th e  r e a c t io n  was 

s to p p e d . The in c o rp o ra t io n  r a t e  o f  th e  r a d io a c t iv e  p re c u rs o r s  in to  

n u c le ic  a c id  and p r o te in  was de term ined  by l iq u id  s c i n t i l l a t i o n  

s p e c tro m e try , a s  d e sc r ib e d  in  th e  n e x t s e c t io n .
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I s o l a t i o n  and m easurem ent o f  DNA. At th e  end o f th e  30-m inute 

and 2 -h o u r in c u b a t io n  p e r io d s ,  th e  c e l l s  and m edia w ere poured  in to  

c h i l l e d  c e n t r i f u g e  tu b e s  and c e n tr i fu g e d  a t  1 0 0 0  x g fo r  1 0  m inu tes a t  

0°C. The s u p e rn a ta n t  was th e n  d ecan ted  and 1 ml o f  a  h y p o to n ic  ph o sp h ate  

b u f f e r  s o lu t io n  (0 .4  mM p o ta ss iu m  p h o sp h a te , pH 6 .7 ,  and 2 vH magnesium 

c h lo r id e )  was added to  th e  c e l l  p e l l e t .  The p e l l e t  was re su sp en d ed  by 

u se  o f a V ortex  m ixer and f a s t - f r o z e n  in  a c e to n e  and d ry  i c e .  Subsequent 

p ro ced u res  to  remove unw anted c e l l u l a r  c o n s t i tu e n t s  and u n in c o rp o ra te d  

r a d io a c t iv e  m a te r ia l  w ere perform ed a t  0°C.

The wash p ro c e d u re  was b r i e f l y  d e s c r ib e d .  The c e l l s  w ere b roken  

by f r e e z in g  and thaw ing sev en  tim es in  a  s o lu t io n  o f  a c e to n e  and d ry  i c e .  

The n u c le ic  a c id s  and p r o t e in  w ere p r e c i p i t a t e d  w ith  1 .6  N c o ld  

p e r c h lo r ic  a c id .  The s ta n d a rd  c e n t r i f u g a t io n  a f t e r  th e  a d d i t io n  o f th e  

v a r io u s  r e a g e n ts  was 1000 x g f o r  10 m in u te s . A f te r  each  c e n t r i f u g a t io n ,  

th e  s u p e r n a ta n t  was d e c a n te d , th e  n e x t  s o lu t io n  was added , and th e  r e ­

suspended p e l l e t s  w ere d is p e r s e d  w ith  g la s s  s t i r r i n g  ro d s . The s o lu t io n s  

added s e q u e n t i a l ly  in  3-m l a l iq u o t s  w ere 0 .5  N PCA ( th r e e  t im e s ) ,  95% 

e th a n o l ,  c h lo ro f o r m ;e th a n o l :e th e r  2 :2 :1  (v /v )  and a c e to n e . The p e l l e t  

o b ta in e d  a f t e r  a c e to n e  t re a tm e n t was h y d ro ly zed  in  0 .5  ml o f  0 .5  N PCA 

a t  90°C f o r  30 m in u tes  and c e n tr i fu g e d  a t  1000 x  g f o r  10 m in u te s .

A f te r  c e n t r i f u g a t io n ,  0 .2  ml o f  th e  s u p e r n a ta n t  was added to  15 

ml o f  B ra y 's  s o lu t io n  (150) f o r  c o u n tin g  th e  r a d i o a c t i v i t y  in c o rp o ra te d  

in to  n u c le i c  a c id .  A nother 0 .2  ml o f  th e  s u p e r n a ta n t  was u sed  to  a ssay  

t o t a l  DNA c o n te n t by B u r to n 's  d ip h en y lam in e  method (1 5 5 ). R a d io a c t iv i ty  

in c o rp o ra te d  in to  p r o te in  was de term in ed  by add in g  0 .2  ml o f  1 N NaOH to  

th e  p e l l e t  rem a in in g  a f t e r  rem oval o f  th e  a l iq u o t  fo r  th e  B urton
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p ro c e d u re . The N aO H -treated  p e l l e t  was h e a te d  a t  100°C f o r  30 m inu tes 

to  d is s o lv e  I t  and 0 .2  ml was coun ted  i n  15 ml o f  G ordon 's  s o lu t io n  (1 5 2 ). 

P re c u rs o r  In c o rp o ra t io n  o f each sam ple was e x p re sse d  in  d i s in t e g r a t i o n s  

p e r  m inu te  (dpm ); th e  dpm was c a lc u la te d  by d iv id in g  the  c o u n ts  p e r  

m inu te  (cpm) by th e  e f f i c i e n c y  o f  th e  c o u n tin g  system . The a d d i t io n  o f 

t r i t l a t e d  w a te r  o f  known r a d i o a c t i v i t y  to  s e v e r a l  sam ples a f t e r  th e  

i n i t i a l  c o u n tin g  made i t  p o s s ib le  to  d e te rm in e  th e  co u n tin g  e f f i c i e n c y .

DNA c o n te n t was b ased  on a s ta n d a rd  c a l f  thymus p r e p a r a t io n .  The r e s u l t s  

w ere e x p re ssed  i n  s p e c i f i c  a c t i v i t i e s ,  i . e . ,  l a b e le d  p re c u rs o r  

in c o rp o ra te d  p e r  m icrogram  o f DNA.

E f f e c t  o f  PAL o r  L -A sp a rag in ase  
on Human ALL C e lls

L eukocy tes w ere o b ta in e d  from  f iv e  p a t i e n t s  w ith  a c u te  lympho­

b l a s t i c  leukem ia  and p re p a re d  f o r  t i s s u e  c u l tu r e  as  in d ic a te d  p r e v io u s ly .  

These c e l l s  w ere t r e a t e d  w ith  d i f f e r e n t  c o n c e n tr a t io n s  o f PAL o r  L- 

a sp a ra g in a se  (one u n i t  o f  L -a s p a ra g in a s e  i s  d e f in e d  as t h a t  q u a n t i ty  o f 

enzyme w hich c a ta ly z e s  th e  fo rm a tio n  o f  1 pmole o f  L - a s p a r t i c  a c id  p e r  

m inu te  a t  37°C) and  t h e i r  e f f e c t s  on DNA s y n th e s i s  and DNA c o n te n t  were 

d e te rm in e d .

E f f e c t  o f  PAL on Normal 
Human Lym phocytes

The e f f e c t  o f  PAL on norm al human lym phocytes i n  th e  r e s t i n g  

s t a t e  was d e te rm in ed  by in c u b a t in g  th e  c e l l s  w ith  d i f f e r e n t  c o n c e n tra t io n s  

o f  enzyme f o r  1 d a y . The c e l l s  w ere s e p a ra te d  from  th e  medium by 

c e n t r i f u g a t io n  (300 x g) and washed tw ic e  w ith  f r e s h  medium to  remove th e  

enzyme. The c e l l s  w ere th e n  suspended  in  f r e s h  medium and s t im u la te d  to  

d iv id e  w ith  PHA (40 p g ) . DNA s y n th e s is  and DNA c o n te n t w ere  d e te rm in e d .
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The e f f e c t  o f  PAL on norm al human lym phocytes in  th e  d iv id in g  

s t a t e  was d e te rm in ed  by s t im u la t in g  th e  c e l l s  to  d iv id e  w ith  PHA (40 yg) 

and t r e a t i n g  them w ith  d i f f e r e n t  c o n c e n tra t io n s  o f  PAL. The e f f e c t  o f  

enzyme tre a tm e n t on DNA s y n th e s is  and DNA c o n te n t  was d e te rm in e d .

E f f e c t  o f  PAL o r  A sp a rag in ase  on C e l l  Growth and 
V i a b i l i t y  o f  M urine Leukemic Lym phoblasts

The e f f e c t  o f  d i f f e r e n t  c o n c e n tra t io n s  o f  PAL o r  L -a sp a ra g in a se  

on c e l l  grow th o f  L5178Y m urine leukem ic  ly m p h o b las ts  was d e te rm in ed  by 

t r e a t i n g  th e  c e l l s  w ith  d i f f e r e n t  c o n c e n tra t io n s  o f  enzyme and a s s e s s in g  

c e l l  numbers w ith  e i t h e r  a  hem acytom eter o r  a  C o u lte r  C ounter Model B.

The e f f e c t  o f  h ig h e r  c o n c e n tra t io n s  o f  PAL on t o t a l  c e l l  c o u n t and v ia b le  

c e l l  co u n t was a l s o  d e te rm in e d .

E f f e c t  o f  Removal o f  PAL from  L5178Y C e l ls  and 
R esu sp en sio n  o f  C e l ls  i n  F re sh  Medium

L5178Y c e l l s  w ere t r e a t e d  w ith  r e l a t i v e l y  h ig h  c o n c e n tra t io n s  o f 

PAL f o r  70 h o u rs . At th e  end o f  th e  t re a tm e n t p ro c e d u re , c e l l s  w ere 

c e n tr ifu g e d  a t  280 x g f o r  5 m in u tes  and washed tw ice  w ith  f r e s h  medium; 

th ey  w ere re su sp en d ed  i n  com plete  medium, and t h e i r  numbers w ere 

d e te rm in e d .

E f f e c t  o f  PAL on M acrom olecular 
S y n th e s is  in  L5178Y C e l ls

The e f f e c t  o f  PAL on DNA, RNA, and p r o t e in  s y n th e s is  was 

d e te rm in e d . I n  s e p a r a te  e x p e r im e n ts , 5 ml o f  c e l l s  from  lo g a r i th m ic a l ly  

grow ing c u l tu r e s  in  4 -ounce  b o t t l e s  w ere t r a n s f e r r e d  to  2 -ounce  b o t t l e s  

and t r e a te d  w ith  th e  same c o n c e n tr a t io n  o f PAL. In c o rp o ra t io n  o f 

th y m id In e -m e th y l-% , u r i d i n e - 6 -^H , o r  L - l e u c i n e - 4 ,5 - ^  i n t o  DNA, RNA, or 

p r o te in  and DNA c o n te n t  w ere  d e te rm in e d .
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E f f e c t  o f  PAL T rea tm en t on P h e n y la la n in e  C o n c e n tra tio n  
and C e l l  V i a b i l i t y  o f  L5178Y C e lls  in  FHS

The e f f e c t  o f  p h e n y la la n in e  am m onia-lyase on p h e n y la la n in e  

c o n c e n tra t io n  in  m edia p lu s  L5178Y c e l l s  was de te rm in ed  by th e  s p e c t ro -  

p h o to m e tric  p ro ced u re  d e sc r ib e d  p r e v io u s ly .  B r ie f ly ,  th e  p ro ced u re  

in v o lv ed  e x t r a c t in g  c innam ic  a c id  from  th e  medium a t  v a r io u s  tim es a f t e r  

enzyme tre a tm e n t to  d e te rm in e  th e  amount o f  p h e n y la la n in e  deam inated .

The p h e n y la la n in e  rem a in in g  in  th e  medium was th en  d e te rm in ed  by sub­

t r a c t i n g  th e  amount o f  p h e n y la la n in e  c o n v e rted  from th e  i n i t i a l  

c o n c e n tra t io n  in  th e  medium b e fo re  enzyme tre a tm e n t .  T o ta l  c e l l  count 

and c e l l  v i a b i l i t y  w ere d e te rm in ed  by d i r e c t  co u n tin g  on a  hem acytom eter 

and by m ic ro sco p ic  e x am in a tio n  w ith  th e  E r y th ro s in  B dye e x c lu s io n  t e s t .

E f f e c t  o f  P h e n y la la n in e  D e p r iv a tio n  on th e  V i a b i l i t y  
o f  L5178Y M urine Lym phoblasts in  C u ltu re

L o g a r i th m ic a lly  grow ing L5178Y c e l l s  c u l tu re d  in  com plete 

F i s c h e r 's  medium w ere c e n tr i fu g e d  a t  280 x g f o r  5 m in u tes  and t r a n s f e r r e d  

to  a  s p e c i a l  F i s c h e r 's  medium la c k in g  p h e n y la la n in e  b u t  supplem ented  w ith  

e i t h e r  10% d ia ly z e d  o r  u n d ia ly z e d  h o rs e  serum . At th e  tim e s  in d ic a te d ,  

th e  c e l l s  w ere co u n ted  on a  hem acytom eter and c e l l  v i a b i l i t y  was 

d e term in ed  u s in g  th e  E r y th ro s in  B dye e x c lu s io n  t e s t .  The r e s u l t s  were 

compared to  th o se  o f  L5178Y ly m p h o b las ts  in  com plete  medium t r e a te d  w ith  

d i f f e r e n t  amounts o f  PAL.

E f f e c t  o f  0 .0 5  M T r is - C l  (pH 8 .5 ) ,  Cinnamic A cid , Coumaric 
A cid and Ammonia, and I n a c t iv a te d  Enzyme on th e  

Growth o f M urine Leukem ic Lym phoblasts

S in c e  PAL was d i lu t e d  in  0 .0 5  M T r is - C l  (pH 8 .5 ) ,  th e  e f f e c t  o f 

t h i s  s o lu t io n  on th e  c e l l  g row th  of th e  L5178Y c e l l s  was d e te rm in e d . In
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a d d i t io n ,  th e  p ro d u c ts  o f  p h e n y la la n in e  and ty r o s in e  d e am in a tio n , 

cinnam ic a c id ,  coum aric a c id ,  and ammonia w ere t e s t e d  fo r  t h e i r  e f f e c t s  

on c e l l  g row th . F in a l l y ,  PAL was t r e a te d  w ith  sodium  b o ro h y d rid e  

(NaBH^) and th e  I n a c t iv a t e d  enzyme was t e s t e d  f o r  I t s  e f f e c t  on c e l l  

g row th .

E le c tro n  M icroscopy o f U n tre a te d  L5178Y C e l ls  and 
C e l ls  T re a te d  w ith  PAL In  C u ltu re

E le c tro n  m ic ro g rap h s  o f u n tr e a te d  and P A L -trea ted  L5178Y c e l l s  

In  c u l tu r e  w ere p re p a re d  by D r. R obert N o rd q u ls t. The L5178Y lympho­

b l a s t s  w ere f i r s t  c o n c e n tra te d  by c e n t r i f u g a t io n  and p la c e d  In  co ld  

6,25% g lu ta ra ld e h y d e  f i x a t i v e  In  0 ,1  M p h o sp h a te  b u f f e r  a t  pH 7 .2  w ith  

5% s u c ro s e  f o r  30 m in u te s . To remove a ld eh y d e  from  th e  c e l l s ,  specim ens 

were t r a n s f e r r e d  to  pH 7 .2  p h o sp h ate  f o r  18 h o u rs . The c e l l s  w ere th e n  

t r a n s f e r r e d  to  1% p h o s p h a te -b u f fe re d  osmium te t r a - o x ld e  (OSO4 ) a t  pH 7 .2  

f o r  30 m in u tes  a t  4 ° . They w ere r in s e d  In  pH 7 .2  p h o sp h a te  b u f f e r  f o r  5 

m in u tes  to  remove e x c e ss  OsO^, d eh y d ra ted  I n  g rad ed  a lc o h o ls ,  embedded In  

epoxy r e s i n  ( A r a ld l t e ) ,  and h e a te d  a t  60°C f o r  48 h o u rs  to  p roduce 

p o ly m e r iz a tio n . S e c tio n s  w ere c u t  on a  m icrotom e (P o rte r-B lu m ) and 

p la c e d  on naked co p p er g r i d s .  The s e c t io n s  w ere f lo a te d  on a  u ra n y l 

a c e ta te -m e th a n o l  s t a i n in g  s o lu t io n  and th e n  on le a d  c i t r a t e .  S e c tio n s  

w ere exam ined w ith  a  H ita c h i  Hu-1IB e le c t r o n  m ic ro sco p e .



CHAPTER III

RESULTS

P h e n y la la n in e  Amnonla-LyaBe: P u r i f i c a t i o n ,  S t a b i l i t y  and
A c tio n  o f  th e  Enzyme from  R h o d o to ru la  G lu t in is

The s tu d ie s  r e p o r te d  In  t h i s  s e c t io n  w ere: (a ) th e  p re p a ra t io n

o f PAL acco rd in g  to  th e  p ro c e d u re  o f  Hodgins (1 4 3 ), (b) th e  s t a b i l i t y  o f  

th e  enzyme a t  4°C and In  t i s s u e  c u l tu r e  a t  37°C, and (c) th e  a c t io n  o f 

th e  enzyme on p h e n y la la n in e  and ty r o s in e  In  t i s s u e  c u l tu r e  a t  37°C.

T able  1 shows th e  r e s u l t s  o b ta in e d  In  one p re p a r a t io n  o f  th e  

enzyme p u r i f i e d  from  a p p ro x im a te ly  450 g o f y e a s t .  T h is  p ro ced u re  

y ie ld e d  two h ig h ly  a c t i v e  f r a c t io n s  w ith  110 and 47 u n i t s  o f  enzyme 

a c t i v i t y ,  r e s p e c t iv e ly .  The f r a c t io n s  had  a  62 and 5 2 - fo ld  In c re a s e  In  

s p e c i f i c  a c t i v i t y ,  r e s p e c t iv e ly .  However, th e  In c re a s e  In  s p e c i f ic  

a c t i v i t y  was accom panied by ab o u t an  80% d e c re a se  In  t o t a l  enzyme u n i t s .  

The g r e a t e s t  lo s s e s  o f  t o t a l  u n i t s  In  t h i s  p re p a ra t io n  o c c u rre d  a f t e r  

f r a c t i o n a t io n  w ith  sodium  c i t r a t e  and Sephadex chrom atography. Sub­

se q u e n t d i a l y s i s  o f  th e s e  f r a c t io n s  a g a in s t  T r ls - C l  and s t e r i l i z a t i o n  

th ro u g h  a  M il l ip o re  f i l t e r  appeared  n o t  to  a l t e r  th e  s p e c i f i c  a c t i v i t y  

of th e  enzyme. A pprox im ate ly  900 u n i t s  o f enzyme fo r  u se  In  t h i s  

r e s e a r c h  p r o je c t  w ere p re p a re d  by t h i s  p ro c e d u re .

The s t e r i l i z e d  PAL p re p a ra t io n s  w ere s to re d  a t  4°C In  d i f f e r e n t  

c o n c e n tr a t io n s .  T ab le  2 I n d ic a te s  t h e i r  s t a b i l i t y .  The enzyme s to re d

26
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TABLE 1

PURIFICATION OF PHENYLALANINE AMMONIA-LYASE 
FROM RHODOTORULA GLUTINIS

P r o te in
(mg)

Enzyme
(U n its )

S p e c if ic
A c t iv i ty
U nlts/m g

(1) S o n ic  E x t r a c t 48,000 780 0 . 0 2

(2) P ro tam in e  S u l f a te 19,200 765 0 .0 4
(3) F i r s t  Ammonium S u l f a t e 1,748 700 0 .3 8

F r a c t io n a t io n
(4) Sodium C i t r a t e 1 ,093 491 0 .45

F r a c t io n a t io n
(5) Sephadex G-200 E lu e n t 193 2 0 2 1.04
( 6 ) Second Ammonium S u l f a t e (a ) 8 8 1 1 0 1.25

F r a c t io n a t io n (b) 45 47 1.04
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TABLE 2

STABILITY OF DIFFERENT CONCENTRATIONS 
OF PAL AT 4°C

Time (Days) Enzyme A c t iv i ty (U n its /m l)

0 0 .050* 1 2 . 5 b
13 0 .040 12.5
28 0 .030 — —
56 0 .025
87 — —  — 12.2

232 12.6

^ S p e c if ic  A c t iv i ty  o f  1 .0 4  
^ S p e c if ic  A c t iv i ty  o f  1 .2 5
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a t  1 2 . 5  ü /m l ap p eared  to  lo s e  no a c t i v i t y  a f t e r  8  months o f  s to ra g e .

Iflien PAL was s to r e d  in  d i l u t e  s o lu t io n ,  how ever, 45-50% o f  th e  enzyme 

a c t i v i t y  was a p p a re n tly  l o s t  a f t e r  o n ly  a b o u t 2  months o f  s to r a g e .

The s t a b i l i t y  o f  PAL in  co m p le te  F i s c h e r 's  medium a t  37°C w ith  

and w ith o u t c e l l s  was a l s o  d e te rm in ed  (T ab le  3 ) .  The p re s e n c e  o f  L5178Y 

c e l l s  seemed n o t to  a l t e r  enzyme a c t i v i t y .  The enzyme l o s t  no a c t i v i t y  

d u rin g  th e  2 -week c u l tu r e  p e r io d .

The a c t io n  o f  PAL on L -p h e n y la la n in e  and L - ty ro s in e  i s  shown in  

F ig u re  1. For use  in  d e te rm in in g  th e  r a t e  o f  d eam in a tio n  o f  th e se  amino 

a c id s  in  c u l t u r e ,  la b e le d  c innam ic a c id  and coum aric a c id  w ere  p rep ared  

and com pared to  com m ercial s ta n d a r d s .  F ig u re  2 compares th e  absorbance  

sp ec tru m  o f  th e  com m ercial s ta n d a rd s  (5 y g /m l) w ith  th e  ab so rb an ce  

sp ec tru m  o f  cinnam ic and coum aric a c id s ,  a s  re p o r te d  by Uchiyama e t  a l .  

(1 4 6 ). Both p r e p a ra t io n s  y ie ld e d  e s s e n t i a l l y  th e  same r e s u l t s  in d ic a t in g  

com parab le  p u r i t y .  The a lk a l in e  s o lu t io n  o f  cinnam ic a c id  had  a prim ary  

a b s o r p t io n  maximum a t  265-270 my and an  a lk a l in e  s o lu t io n  o f  coum aric 

a c id  had a  p rim ary  a b s o r p t io n  maximum a t  a p p ro x im a te ly  335 my.

A c o n c e n tra t io n  c u rv e  o f  known s ta n d a rd s  o f  c in n am ic  a c id  and 

coum aric a c id  was p l o t t e d .  An a lk a l in e  s o lu t io n  o f  each  a c id  was 

w eighed on a  Cahn m ic ro b a la n ce  and i t s  abso rb an cy  d e te rm in ed  a t  268 my 

(c innam ic  a c id )  o r  333 my (coum aric a c i d ) . The o p t i c a l  d e n s i ty  fo r  

a lk a l in e  s o lu t io n s  o f  th e  o rg a n ic  a c id s  was l i n e a r  o v e r th e  c o n c e n tra tio n s  

used  (F ig u re  3 ) .

The r a t e  o f  d eam in a tio n  o f  L -p h e n y la la n in e  and L - ty ro s in e  by PAL 

was d e te rm in ed  by e x t r a c t i n g  cinnam ic a c id  and coum aric a c id  from th e  

medium. The amount o f  each  a c id  p r e s e n t  was determ ined
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TABLE 3

STABILITY OF PAL AT 37°C IN FHS WITH AND 
WITHOUT L5178Y LYMPHOBLASTS

Enzyme A c t iv i ty  (U n its /m l)

Time (H ours) FHS FHS w ith C e lls

0 0 . 016a 0 . 020a 0.088%
6 0.021 0.021 — —

21 0.017 0.016 —

45 0.017 0.017 ——
70 0.016 0.016 — —

123 — — 0.070
350 **— 0.075

^ S p e c if ic  A c t iv i ty  o f  1 .00  
^ S p e c if ic  A c t iv i ty  o f  1 .04
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/^C H gC H -C O O H  
NHo

r V '^  ^ ^ ^ C H  = CH-COOH 

~  + NH3

PHENYLALANINE CINNAMIC ACID

HOo CHm CH-COOH
2  I

NHo

■» H O -^^C H =C H -C O O H

+ NH,

TYROSINE COUMARIC ACID

Figure 1 - The action of phenylalanine ammonia-lyase on the amino acids, 
phenylalanine and tyrosine.
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Figure 2 - A comparison of the spectra of commercial preparations of 
cinnamic acid or coumaric acid In alkaline solution with those reported 
by Uchiyama, et^al^. (1^6). Curves A and B represent spectra of 5 micro- 
gram per ml commercial standards of cinnamic acid and coumaric acid In 
0.1 normal sodium hydroxide, respectively; curves C and D represent the 
spectra of cinnamic acid and coumaric acid In O.I normal sodium hydroxide 
respectively, as reported (146).
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Figure 3 - Absorbancy of standard solutions of cinnamic acid and coumaric 
acid. Curves A and B represent the absorbancy of standard solutions of 
cinnamic acid or coumaric acid at 268 mp and 333 mp, respectively.
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s p e c tro p h o to m e tr ic a l ly  by u se  o f  F ig u re  3 . To d e te rm in e  how e f f i c i e n t l y  

th e se  a c id s  w ere e x t r a c te d  from th e  medium, la b e le d  cinnam ic a c id  and 

coum aric a c id  w ere added to  th e  medium p r i o r  to  e x t r a c t i o n .  The concen­

t r a t i o n s  o f  th e  e x t r a c te d  c innam ic  and coum aric  a c id s  w ere th e n  c o r re c te d  

f o r  th e  e f f ic ie n c y  o f  e x t r a c t io n  to  d e te rm in e  th e  a c tu a l  am ounts o f  each 

p roduced . The e f f i c i e n c y  o f e x t r a c t io n  v a r ie d  from 81-93% f o r  cinnam ic 

a c id  and from 83-96% f o r  coum aric a c id .  These r e s u l t s ,  shown in  F ig u re  4 , 

in d ic a te d  a  1 0 0 % c o n v e rs io n  o f  p h e n y la la n in e  to  c innam ic  a c id  in  th e  

medium w ith  o r  w ith o u t c e l l s  by abou t 45 h o u rs  a f t e r  PAL a d d i t io n .  

C o n s is te n t w ith  t h i s  o b s e rv a tio n  was th e  f in d in g  th a t  th e  en zym atic  

a c t i v i t y  o f  PAL rem ained  c o n s ta n t  th ro u g h o u t th e  e x p e rim en t. A lthough 

p h e n y la la n in e  was co m p le te ly  c o n v e rted  to  c innam ic  a c id ,  PAL deam inated  

ty r o s in e  more s lo w ly , w ith  o n ly  75% o f  th e  ty r o s in e  c o n v e r te d  to  coum aric 

a c id  d u rin g  th e  71 h o u rs  o f  in c u b a t io n  w ith  th e  enz^yme.

E f f e c t  o f  PA L /A sparaginase on Normal Human Lymphocytes 
and ALL L eukocy tes in  C u ltu re

The e x p e rim en ts  r e p o r te d  in  t h i s  s e c t io n  w ere d e s ig n e d  to  

d e te rm in e  the  e f f e c t s  o f  d i f f e r e n t  c o n c e n tra t io n s  o f  PAL o r  a sp a ra g in a se  

on c e l l  d iv i s io n  i n  ALL le u k o c y te s  and th e  e f f e c t s  o f  PAL on norm al r e s t ­

in g  and d iv id in g  lym phocy tes.

The ALL le u k o c y te s  w ere  m a in ta in ed  in  t i s s u e  c u l tu r e  as 

d e sc r ib e d  in  M ethods. They w ere t r e a t e d  w ith  e i t h e r  PAL o r  L -a sp a ra g in a se  

a t  v a r io u s  c o n c e n tr a t io n s .  The e f f e c t s  o f  th e s e  enzymes on c e l l  d iv is io n  

w ere de te rm in ed  by m easu ring  DNA s y n th e s is  and DNA c o n te n t .  The e f f e c t  

o f PAL on le u k o c y te s  o b ta in e d  from one o f  th e  leukem ic p a t i e n t s  i s  shown 

in  F ig u re  5. T h is  p a t i e n t  had a  w h ite  b lood  c e l l  co u n t o f  2 3 7 ,000/mm^.

The d i f f e r e n t i a l  c o u n t re v e a le d  th e  p re se n c e  o f 99% ly m p h o b las ts  in  th e



35

100

s 60
4.0 b
3.0 ^
2.0 ^

20

0 40 806020
TIME (HOURS)

Figure 4 - Rate of formation of cinnamic acid and coumaric acid by phenyl­
alanine ammonia-lyase in complete Fischer's medium in the presence and 
absence of L5178Y lymphoblasts. Curves A and B represent PAL activity 
in the presence and absence of cells, respectively. Curves C and D 
represent formation of cinnamic acid in the medium In the presence and 
absence of cells, respectively. Curves E and F represent formation 
of coumaric acid in the medium in the presence and absence of cells, 
respectively.
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Figure 5 - The effect of phenylalanine ammonia-lyase on DNA 
synthesis in leukocytes from a patient with acute lymphoblastic 
leukemia. Curve A, untreated cells; Curves B, C, and D, cells that 
were treated with 0.025, 0.125, and 0.250 units of PAL per 5 ml media, 
respectively.
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p e r ip h e r a l  b lo o d . U n tre a te d  a c u te  ly m p h o b la s tic  leukem ia c u l tu r e s  

e x h ib i te d  a p p re c ia b le  DNA s y n th e s is  d u r in g  th e  f i r s t  6  h o u rs  in  c u l tu r e  

(1 ,2 0 0  dpm o f  th ym id ine  in c o rp o ra te d  p e r  m icrogram  o f  DNA). The r a t e  

a lm o st t r i p l e d  d u rin g  th e  n e x t 4 d ay s . P h e n y la la n in e  am m onia-lyase in  a 

c o n c e n tra t io n  o f 0 .0 2 5  u n i t s  had l i t t l e  e f f e c t  on DNA s y n th e s i s ,  w h ile  

a d d i t io n  o f 0 .1 2 5  and 0 .2 5 0  u n i t s  r e s u l t e d  in  65% and 80% i n h i b i t i o n ,  

r e s p e c t iv e ly ,  a t  Day 4 . A lthough th e  e x te n t  o f  DNA s y n th e s is  v a r ie d  

somewhat in  lym phocytes from th e  f iv e  leukem ic  p a t i e n t s  s tu d ie d ,  th e  

i n h i b i t i o n  p a t t e r n  o b ta in e d  w ith  p h e n y la la n in e  aiimoni a - ly  as e was s im i la r  

in  a l l  c a s e s .

A s im i la r  s tu d y  was perform ed to  d e te rm in e  th e  e f f e c t s  o f 

a s p a ra g in a s e  on DNA s y n th e s i s  in  a c u te  ly m p h o b la s tic  leukem ia le u k o c y te s  

(F ig u re  6 ) .  DNA s y n th e s i s  in  ALL le u k o c y te s  d ropped  m arkedly a f t e r  

tre a tm e n t w ith  a s p a ra g in a s e .

The e f f e c t  o f  PAL tre a tm e n t on norm al lym phocytes in  th e  non­

d iv id in g  s t a t e  was d e te rm in e d  by p r e t r e a t i n g  th e s e  c e l l s  w ith  enzyme fo r  

1  d ay , chang ing  th e  m edia  to  remove th e  enzyme, and m easuring  th e  

p r o l i f e r a t i v e  c a p a c i ty  a s  a  fu n c tio n  o f PHA s t im u la t io n  (T able  4 ) .  P re ­

tre a tm e n t o f  th e s e  norm al c e l l s  in  th e  n o n d iv id in g  s t a t e  w ith  r e l a t i v e l y  

h ig h  enzyme c o n c e n tr a t io n s  (0 .5 0 0  u n i t )  had no e f f e c t  on th e  DNA s y n th e s is  

r e s u l t i n g  from  su b se q u e n t PHA s t im u la t io n .

The e f f e c t  o f  PAL tre a tm e n t on norm al lym phocytes in  th e  

d iv id in g  s t a t e  was a l s o  d e te rm in ed  by t r e a t i n g  th e s e  c e l l s  w ith  enzyme 

a f t e r  PHA a d d i t io n  (T ab le  5 ) .  P h e n y la la n in e  aim nonia-lyase b o th  d e lay e d  

th e  o n s e t o f  DNA s y n th e s i s  and m arked ly  in h ib i t e d  i t  once s y n th e s is  had 

s t a r t e d .  A d d it io n a l  e x p e r im en ts  d em o n stra ted  t h a t  DNA s y n th e s is  rem ained
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Figure 6 - The effect of asparaginase on DNA synthesis in leukocytes 
from a patient with acute lymphoblastic leukemia. Curve A , untreated 
cells; Curves B, C, and D cells that were treated with 0.1, 1.0, and 
10.0 units of asparaginase per 5 ml media, respectively.
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TABLE 4

EFFECTS OF DIFFERENT CONCENTRATIONS OF PHENYLALANINE 
AMMONIA-LYASE ON DNA SYNTHESIS IN NORMAL HUMAN 

LYMPHOCYTES IN THE RESTING STATE

Enzyme
Concen­
t r a t i o n

(T o ta l
U n its )

T hym id ine-%  In c o rp o ra te d  
(dpm/yg DNA)

Day
2

Day
3

Day
4

None 26,100 40,700 26,000
0 . 1 1 2 21,600 41,100
0 .2 2 5 30,000 37,500 2 1 , 0 0 0

0 .5 0 0 29,700 42,900 15,500
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TABLE 5

EFFECTS OF DIFFERENT CONCENTRATIONS OF PHENYLALANINE 
AMMONIA-LYASE ON DNA SYNTHESIS IN NORMAL HUMAN 

LYMPHOCYTES IN THE DIVIDING STATE

Enzyme
Concen­
t r a t i o n

Thym idlne-^H In c o rp o ra te d  
(dpm/pg DNA)

(T o ta l
U n its )

Day
2

Day
3

Day
4

None 19,500 28,100 19,400
0 .2 2 5 640 2 , 2 0 0 6 , 0 0 0

0 .5 0 0 38 250 4 ,800
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subnorm al ( i . e . ,  a t  Days 5 , 6 , and 8 ) .  When th e  e f f e c t  o f  p h e n y la la n in e  

am m onia-lyase on n o n d iv id in g  and d iv id in g  lym phocytes was compared under 

i d e n t i c a l  c o n d itio n s  (0 .5 0 0  u n i t s  o f p h e n y la la n in e  am m onia-lyase), DNA 

s y n th e s is  was fo u r  tim es l e s s  by Day 4 in  th e  lym phocyte c u l tu r e s  which 

w ere t r e a t e d  w ith  enzyme a f t e r  PHA s t im u la t io n .

E f fe c t  o f  PAL, A sp a ra g in a se , and P h e n y la la n in e  
D e p r iv a tio n  on M urine Leukemic Lympho­

b l a s t s  (L5178Y) i n  C u ltu re

The s tu d ie s  r e p o r te d  in  t h i s  s e c t io n  w ere d e s ig n e d  to :  (a)

compare th e  e f f e c t s  o f  PAL and a sp a ra g in a se  tre a tm e n t upon in h ib i t i o n  o f 

c e l l  g row th  o f  L5178Y c e l l s  in  c u l tu r e ,  and (b) d e te rm in e  th e  

mechanism o f  a c t io n  by w hich  PAL i n h i b i t s  leukem ic c e l l  d iv i s io n .  The 

L5178Y c e l l s  w ere m a in ta in e d  in  com plete F i s c h e r 's  medium and were 

t r e a t e d  w ith  d i f f e r e n t  c o n c e n tra t io n s  o f  PAL o r a sp a ra g in a se  w h ile  th e  

c e l l s  w ere  i n  th e  lo g a r i th m ic  growth p h a se .

The e f f e c t  o f  r e l a t i v e l y  h ig h  c o n c e n tra t io n s  o f PAL on th e  

L5178Y c e l l s  (100 ,000 /m l i n i t i a l  inoculum ) in  FHS (15 m l) i s  shown in  

F ig u re  7 . T reatm ent o f  th e s e  ly m p h o b las ts  w ith  3 .2 5  u n i t s  o f  PAL 

r a p id ly  in h ib i t e d  c e l l  g row th  (w ith in  24 h o u r s ) .  T rea tm en t w ith  h ig h e r  

c o n c e n tra t io n s  o f  PAL a l s o  caused  a s l i g h t  d e c re a se  in  t o t a l  c e l l  number. 

In  c o n t r a s t  to  th e se  g row th  p a t t e r n s ,  th e  c o n tr o l  p r e p a r a t io n  had a 

d o u b lin g  tim e o f 10.5  h o u r s .

The e f f e c t  o f  t r e a t i n g  L5178Y c e l l s  in  FHS (10 m l) w ith  low 

c o n c e n tr a t io n s  o f  PAL o r  a sp a ra g in a se  I s  shown In  F ig u re  8 . Four 

p r e p a r a t io n s  o f  c e l l s  w ere  t r e a t e d  w ith  1 / 8 , 1 / 1 0 , 1 / 2 , and 1  u n i t  o f  

PAL, r e s p e c t iv e ly .  A n o th er fo u r  p re p a ra t io n s  o f  c e l l s  w ere t r e a te d  w ith
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Figure 7 - The effect of phenylalanine ammonia-lyase on cell division 
of L5178Y lymphoblasts. Curve A, untreated cells; Curves B, C, and D, 
cells that were treated with 3 25, 5 25 and 7 50 units of PAL per 15 ml 
media, respectively.
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Figure 8 - A comparison of the effect of treatment with low concentrations 
of PAL or asparaginase on the growth of L5178Y lymphoblasts. Bar A repre­
sents untreated cells. Bars B, C, D, and E represent cells treated with 
1/8, 1/4, 1/2, and 1 unit of PAL per 10 ml media, respectively. Curves 
F, G, H, and I represent cells treated with 1/2, 1, 2, and 4 units of 
L-asparaginase per 10 ml media, respectively.



44

1 /2 , 1, 2 , and 4 u n i t s  o f  L -a s p a ra g in a s e , r e s p e c t iv e ly .  T rea tm en t w ith  

low c o n c e n tra t io n s  o f  e i t h e r  PAL o r  a s p a ra g in a s e  m arkedly  in h ib i t e d  c e l l  

g row th .

When th e  L5178Y ly m p h o b las ts  w ere checked  f o r  v i a b i l i t y  a f t e r  

t re a tm e n t w ith  PAL, a  marked d i f f e r e n c e  em erged betw een t o t a l  c e l l  count 

and v ia b le  c e l l  c o u n t (F ig u re  9 ) .  U n tre a te d  c e l l s  had a  d o u b lin g  tim e 

o f  ap p ro x im a te ly  10 h o u rs  and m a in ta in ed  a  99+1% v i a b i l i t y  d u r in g  

lo g a r i th m ic  g row th . The r e s u l t s  showed t h a t  t re a tm e n t o f  th e  c e l l s  w ith  

a  r e l a t i v e l y  h ig h  c o n c e n tr a t io n  o f  enzyme (4 .2  U/15 ml FHS) in h i b i t e d  c e l l  

d iv i s io n  and s t a b i l i z e d  c e l l  number a f t e r  4 -6  h o u rs  o f  PAL t r e a tm e n t .  In  

c o n t r a s t  to  th e  t o t a l  c e l l  c o u n t, which rem ained  c o n s ta n t ,  th e  v ia b le  c e l l  

co u n t d ec rea sed  a f t e r  a p p ro x im a te ly  10-12 h o u rs  o f  PAL t r e a tm e n t ,  ev en tu ­

a l l y  d ropp ing  to  l e s s  th a n  2 % o f  th e  t o t a l  c e l l  c o u n t.

The e f f e c t  o f  rem oval o f  th e  enzyme on th e  su b seq u en t grow th  of 

L5178Y c e l l s  su sp en d ed  i n  f r e s h  medium i s  shown i n  F ig u re  10. T hese c e l l s  

had  been  p r e t r e a t e d  w ith  PAL (3 .7 5  U/15 ml FHS) f o r  70 h o u rs  and d e te rm i­

n a t io n s  in d ic a te d  o n ly  2% v ia b le  c e l l s . When th e s e  c e l l s  w ere washed and 

re su sp en d ed  in  f r e s h  medium, reg ro w th  o f  th e  c e l l s  was o b se rv e d . A f te r  

ap p ro x im a te ly  64 h o u rs  in  th e  f r e s h  medium, th e s e  c e l l s  resum ed a  norm al 

1 0 -h o u r d o u b lin g  tim e .

E f f e c t  o f  PAL on M acrom olecu lar S y n th e s is  o f  
L5178Y C e lls  i n  C u ltu re

F u r th e r  ex p e rim en ts  w ere perform ed  to  d e te rm in e  th e  mechanism o f  

a c t i o n  o f PAL by s tu d y in g  th e  e f f e c t s  o f  t h i s  enzyme on DNA, BNA, and 

p r o te in  s y n th e s is  I n  L5178Y leu k em ic  ly m p h o b la s ts . C e l ls  w ere grown In  

FHS ( I n i t i a l  Inoculum  10^ c e l l s / 5  ml o f  m edium ), t r e a te d  w ith  PAL
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Figure 9 - The effects of phenylalanine ammonia-lyase on the growth and 
viability of L5178Y lymphoblasts. Curves A and B represent total cell 
and viable cell count of untreated cells, respectively; curves C and D 
represent total cell count and viable cell count of cells treated with 
4.2 units of PAL per 15 ml media, respectively.
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Figure 10 - Effect of treating L5178Y lymphoblasts with phenylalanine 
ammonia-lyase, removing the enzyme, and resuspending the cells in fresh 
media. Curve A represents untreated cells; curve B represents cells 
treated with PAL (3.75 U/15 ml media) for 70 hrs, the cell suspension cen­
trifuged (280 X g/5 mln), and the cell pellet resuspended In 15 ml fresh 
media.
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(1 .3  U/5 ml FHS), and In c u b a ted  a t  37°C. DNA s y n th e s is  was de term ined  

by a  2 -h o u r in c o rp o ra t io n  o f ^H -thym idine i n to  DNA. RNA and p ro te in  

s y n th e s is  w ere de te rm in ed  by a 30-m inute in c o rp o ra t io n  o f  ^ H -u rid in e  and 

H -le u c in e  i n to  RNA and p r o t e in ,  r e s p e c t iv e ly .  DNA c o n te n t was a ls o  

assay ed  so  t h a t  th e  r e s u l t s  o f  th e s e  d e te rm in a tio n s  cou ld  be  e x p re sse d  as 

dpm la b e le d  p re c u rs o r  in c o rp o ra te d  p e r  m icrogram  o f DNA.

The e f f e c t  o f  PAL tre a tm e n t on c e l l u l a r  DNA s y n th e s is  i s  shown 

in  F ig u re  11. T reatm en t w ith  PAL produced r e l a t i v e l y  l i t t l e  i n h i b i t i o n  

f o r  ap p ro x im a te ly  4 -6  h o u rs ,  fo llow ed  by an a p p re c ia b le  d e c re a se  in  th e  

r a t e  o f DNA s y n th e s i s .

The e f f e c t  o f  PAL on RNA s y n th e s is  i s  shown in  F ig u re  12. As in  

th e  case  o f DNA s y n th e s i s ,  l i t t l e  i n h i b i t i o n  o f  RNA s y n th e s is  o c cu rred  

d u rin g  th e  f i r s t  4 -6  h o u rs  o f  t r e a tm e n t.  However, u r id in e  in c o rp o ra t io n

in to  RNA was in h ib i t e d  50-70% a f t e r  t re a tm e n t w ith  th e  enzyme f o r  24 h o u rs .

The e f f e c t  o f PAL on p r o te in  s y n th e s i s  i s  shown in  F ig u re  13.

Both th e  u n tr e a te d  and P A L -trea ted  c e l l s  u nderw en t an in c re a s e d  r a t e  o f

in c o rp o ra t io n  o f le u c in e  i n to  p r o te in  d u rin g  th e  f i r s t  4 h o u rs  i n  c u l tu r e .  

However, tre a tm e n t w ith  PAL m arkedly  in h ib i t e d  le u c in e  in c o rp o ra t io n  in to  

p r o te in  a f t e r  a p p ro x im a te ly  4 h o u rs  o f  enzyme tr e a tm e n t .  Not shown on 

th e  g rap h s i s  th e  f a c t  t h a t  enzyme tre a tm e n t f o r  3 days d e p re sse d  DNA 

s y n th e s is  to  z e ro . However, some RNA and p r o t e i n  s y n th e s is  was observed  

a f t e r  s im i la r  tim es o f  enzyme tre a tm e n t.  T h is  s u g g e s ts  th a t  some RNA and 

p r o te in  s y n th e s is  may c o n tin u e  in  c e l l s  t h a t  a r e  s e v e re ly  damaged. A 

com plete  u n d e rs ta n d in g  o f  th e s e  o b s e r v a t io n s ,  how ever, i s  n o t p o s s ib le  

s in c e  u r id in e  o r  le u c in e  p o o l s i z e s  and RNA o r  p r o te in  c o n te n t w ere n o t 

m easured in  th e s e  e x p e r im e n ts .
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Figure 11 -  The e f f e c t  o f  phenylalanine ammonia-lyase on DNA synthesis
in L5178Y lymphoblasts.  Curve A represents untreated c e l l s ;  and
Curve B, c e l l s  treated with PAL (1.3  u n i t s /5  ml media).
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Figure 12 -  The e f f e c t  of  phenylalanine ammonia-lyase on RNA synthesis
in L5 I78Y lymphoblasts. Curve A represents untreated c e l l s ;  and
Curve B, c e l l s  treated with PAL (1 .3  u n i t s /5  ml media).
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Figure 13 -  The e f f e c t  of  phenylalanine ammonia-lyase on protein synthes is
in L5 I78Y lymphoblasts.  Curve A represents untreated c e l l s ;  and Curve B,
c e l l s  treated with PAL (1.3 u n i t s /5  ml media).
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Comparison o f  th e  E f f e c ts  o f  PAL T reatm ent w ith  
P h e n y la la n in e  D e p riv a tio n  on V ia b i l i ty  o f  

th e  L5178Y Lym phoblasts

l l ie  e a r l i e s t  e f f e c t  o f  PAL tre a tm e n t appeared  to  be d ecreased  

p r o te in  s y n th e s i s ,  p resum ably  due to  th e  lo w erin g  o f p h e n y la la n in e  l e v e l s .  

T h e re fo re , f u r th e r  s tu d ie s  w ere perform ed to  compare th e  e f f e c t s  o f PAL 

tre a tm e n t w ith  p h e n y la la n in e  d e p r iv a t io n  on c e l l  v i a b i l i t y .

The e f f e c t s  o f  PAL tre a tm e n t (3 .3 5  U/15 ml) on p h e n y la la n in e  

c o n c e n tr a t io n  and c e l l  v i a b i l i t y  o f  th e  L5178Y ly m p h o b lasts  a r e  shown in  

T ab le  6 . PAL tre a tm e n t c au sed  a  d e c re a se  in  p h e n y la la n in e  c o n c e n tra t io n  

in  th e  medium. A f te r  10-12 h ours o f  PAL tre a tm e n t ,  a p p ro x im a te ly  82-84% 

o f th e  p h e n y la la n in e  in  th e  c u l tu r e  medium had been  dearainated  and th e  

v ia b le  c e l l  co u n t had d ro p p ed . The p h e n y la la n in e  c o n c e n tr a t io n  re q u ire d  

f o r  c e l l  v i a b i l i t y  b ased  on th e s e  r e s u l t s  i s  ap p ro x im a te ly  2 1 .7  pg p e r  

c e l l .

In  o rd e r  to  c u l tu r e  L5178Y c e l l s  i n  p h e n y la la n in e - d e f ic ie n t  

medium, d ia ly z e d  h o rse  serum  had to  be p re p a re d . To d e te rm in e  th e  

c o n c e n tr a t io n  o f  p h e n y la la n in e  rem ain ing  a f t e r  d i a l y s i s ,  ^^C -p h en y la lan in e  

was added to  th e  h o rse  serum  b e fo re  d i a l y s i s .  A liq u o ts  o f  th e  h o rse  serum 

w ere a ssa y ed  f o r  r a d i o a c t i v i t y  a t  th e  tim es  in d ic a te d  (F ig u re  1 4 ).

D ia ly s i s  removed more th a n  99% o f  th e  p h e n y la la n in e  from th e  h o rse  serum . 

S p e c tro f lu o ro m e try  had shown th a t  t h i s  l o t  o f  h o rse  serum  c o n ta in e d  2 .7  

mg o f  p h e n y la la n in e  p e r  100 ml o f  serum . An a d d i t io n a l  0 .6  gg/m l was 

c o n tr ib u te d  by th e  ^ ^ C -lab e le d  p h e n y la la n in e . T hus, rem oval o f  99.32% o f  

th e  t o t a l  p h e n y la la n in e  from  th e  serum l e f t  l e s s  th an  0 .2 8  yg /m l in  th e  

h o rs e  serum  a f t e r  d i a l y s i s .
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TABLE 6

EFFECT OF PAL TREATMENT (3 .3 5  U/15 ML MEDIA) ON 
PHENYLALANINE CONCENTRATION AND VIABLE 

CELL COUNT OF L5178Y LYMPHOBLASTS

Hours in  
C u ltu re

P h e n y la la n in e
C o n c e n tra tio n

(yg) V i a b i l i t y

V ia b le  
C e l l  Count 

X 1 q 6

P h e n y la la n in e  
C o n e ./V iab le  

C e ll  (pg)

0 8 2 5 .0 97 4 .4
2 —--- 97 5 .2 —
4 ----- 99 6 . 8 — — —
6 148.5 99 6 . 2 24.0
8 144.4 99 6 . 8 2 1 . 2

1 0 143.6 99 7 .9 18.3
1 2 132 .0 99 6 .5 20.4
25 103.1 65 4 .8 2 1 . 2

35 5 7 .8 33 2 .3 25.3

Average= 21 .7
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14Figure 14 - Rate of removal of L-pheny1a1anlne- C(UL) from horse serum 
by dialysis against Earle's balanced salt solution. The curve represents 
the decrease In labeled phenylalanine from 20 ml of horse serum dialyzed 
against 400 ml of Earle's balanced salt solution, with the balanced salt 
solution changed at 24-hour Intervals.
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L5178Y ly m p h o b las ts  w ere c u l tu r e d  In  a s p e c ia l  F i s c h e r 's  medium 

d e f i c i e n t  in  p h e n y la la n in e , w ith  e i t h e r  1 0 % u n d ia ly zed  o r  1 0 % d ia ly z e d  

h o rse  serum . As shown in  F ig u re  15, lo g a r i th m ic a l ly  grow ing c e l l s  

suspended in  s p e c ia l  F i s c h e r 's  medium, w ith  p h e n y la la n in e  added b e fo re  

c u l tu r e ,  m a in ta in ed  98±1% v i a b i l i t y  and had  a d o u b lin g  tim e  o f 10.5  h o u rs . 

L o g a rith m ic a lly  grow ing c e l l s  suspended  i n  s p e c ia l  F i s c h e r 's  medium w ith ­

o u t p h e n y la la n in e , w ith  u n d ia ly z ed  h o rs e  serum , m a in ta in ed  th e  same 

d o u b lin g  tim e and v i a b i l i t y  as  th e  c o n t r o l  f o r  abou t 32 h o u rs  in  c u l tu r e .  

S u b seq u en tly , how ever, th e  v i a b i l i t y  began  to  d e c lin e  r a p id ly .  L o g a r ith ­

m ic a lly  grow ing c e l l s  suspended  in  s p e c i a l  F i s c h e r 's  medium w ith o u t 

p h e n y la la n in e , w ith  d ia ly z e d  h o rse  serum , d e c rea se d  in  v i a b i l i t y  a f t e r  

abou t 18 h o u rs  in  c u l tu r e .  L o g a r ith m ic a lly  growing c e l l s  t r e a t e d  w ith  

1 .1  u n i t s  and 3 .3 8  u n i t s  o f  p h e n y la la n in e  am m onia-lyase d e c re a se d  in  

v i a b i l i t y  a f t e r  ab o u t 20 h o u rs  and 12 h o u r s ,  r e s p e c t iv e ly .  Both p h en y l­

a la n in e  d e p r iv a t io n  and p h e n y la la n in e  am m onia-lyase t re a tm e n t produced 

s im i la r  d e c re a se s  in  c e l l  v i a b i l i t y .  The u l t im a te  e f f e c t  o f  p h e n y la la n in e  

am m onia-lyase tre a tm e n t was to  d e c re a se  th e  v i a b i l i t y  o f  th e  lym p h o b lasts  

to  l e s s  th an  2% v ia b le  c e l l s .  F u r th e r  e x p e rim en ts  (n o t d e p ic te d  in  th e  

F ig u re s )  showed th a t  w h ile  tre a tm e n t o f  th e s e  c e l l s  w ith  a d d i t io n a l  

enzyme caused  no f u r t h e r  d e c re a se  in  c e l l  v i a b i l i t y ,  no c e l l s  grew in  th e  

p re sen c e  o f enzyme f o r  a t  l e a s t  I m onth.

F u r th e r  e x p e rim en ts  w ere p e rfo rm ed  to  in s u re  t h a t  th e  e f f e c t  o f  

PAL on c e l l  grow th was due to  n e i th e r  th e  enzyme b u f f e r  (0 .0 5  M T r is - C l ,  

pH 8 .5 )  n o r to  th e  deam inated  p ro d u c ts  o f  p h e n y la la n in e  and ty ro s in e .

The e f f e c t  o f  d i f f e r e n t  c o n c e n tr a t io n s  o f  0 .0 5  M T r is - C l  on c e l l  

growth o f th e  L5178Y ly m p h o b las ts  i s  shown in  F ig u re  16. C e l ls  w ere
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Figure 15 - Comparison of the effects of treatment with phenylalanine 
ammonia-lyase with phenylalanine deprivation on L5178Y cells. Curve A 
untreated cells; Curve B, cells cultured in media lacking phenylalanine 
with 10% undialyzed horse serum; Curve C , cells treated with PAL (1.1 
units/15 ml media); Curve D , cells cultured in media lacking phenylalanine 
with 10% dialyzed horse serum; and Curve E, cells treated with PAL (3.38 
units/15 ml media). The inset shows viability following treatment with 
PAL (1.1 unlts/15 ml media) for 175 hours.
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Figure 16 - Effect of different concentrations of Trls-CI buffer on the 
growth of L5178Y lymphoblasts. Curve A represents untreated cells; 
curves B, C, and 0 represent cells treated with 0.1, 0.5, and 1.0 ml of 
0.05M Tris-Cl buffer (pH 8.5) per 15 ml media, respectively.
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t r e a te d  w ith  0 .1 ,  0 .5 ,  and 1 .0  ml o f  T r is - C l  p e r  15 ml FHS, r e s p e c t iv e ly .

A c o n t r o l  p r e p a r a t io n  was u n t r e a te d .  The d a ta  in d ic a te d  th a t  th e  

b u f f e r  used  to  d i l u t e  th e  enzyme had no e f f e c t  on grow th o f  th e  lympho­

b l a s t s  in  c u l tu r e .

The e f f e c t  o f  c in n am ic  a c id ,  coum aric a c id ,  and ammonia (as 

ammonium c h lo r id e )  on th e  c e l l  grow th o f  L5178Y lym p h o b lasts  in  c u l tu r e  

was d e te rm in e d . The amounts o f  each compound added co rresp o n d ed  to  

th o se  o b ta in e d  by com plete  d eam in a tio n  o f  p h e n y la la n in e  and ty r o s in e  in  

15 ml o f  medium. C e l ls  w ere  t r e a t e d  w ith  1 .61  mg cinnam ic a c id ,  1 .63 mg 

coum aric a c id ,  and 0 .557  mg ammonium c h lo r id e .  A c o n t r o l  p r e p a ra t io n  was 

u n t r e a te d .  The d a ta  in d ic a te d  th a t  th e  deam inated  p ro d u c ts  o f 

p h e n y la la n in e  and ty r o s in e  had  no e f f e c t  on th e  grow th o f  L5178Y 

ly m p h o b lasts  in  c u l tu r e  (F ig u re  17).

In  a n o th e r  e x p e rim en t (n o t d e p ic te d  in  th e  F ig u r e s ) , PAL was 

in a c t iv a te d  by sodium b o ro h y d r ld e  and i t s  e f f e c t  on c e l l  grow th o f th e  

ly m p h o b las ts  was d e te rm in e d . The r e s u l t s  showed th a t  th e  in a c t iv a te d  

enzyme had no e f f e c t  on c e l l  grow th o f  th e  L5178Y ly m p h o b lasts  in  c u l tu r e .

E le c tro n  M icroscopy  o f L5178Y Lym phoblasts 
A f te r  T rea tm en t w ith  PAL

E le c tro n  m ic ro g rap h s  o f  b o th  u n t r e a te d  and P A L -trea ted  L5178Y 

ly m p h o b las ts  w ere p re p a re d  by D r. R obert E. N o rd q u is t. F ig u re  18 shows 

a  ty p ic a l  L5178Y ly m p h o b las t w ith  Type-C v i r u s  p a r t i c l e s  n e a r  th e  c e l l  

s u r f a c e .  A f te r  t re a tm e n t o f  th e s e  c e l l s  w ith  PAL, in te rm e d ia te  s te p s  o f 

d e g ra d a tio n  ap p ea red  to  In v o lv e  breakdown o f  th e  c e l l u l a r  membrane, 

fo rm a tio n  o f  l i p i d  b o d ie s ,  and a  g e n e ra l iz e d  ly s i s  o f  c e l l u l a r  s t r u c t u r e .  

F ig u re  19 shows a  t y p i c a l  c e l l  t h a t  had b een  t r e a te d  w ith  PAL (1 .1  U/15
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Figure 17 - Effect of deamination products of L-phenytalanlne and L- 
tyroslne on the growth of L5178Y lymphoblasts. Curve A represents 
untreated cells; curve B represents cells treated with 1.63 mg coumaric 
acid, 1.61 mg cinnamic acid, and 0.557 mg ammonia (as ammonium chloride) 
per 15 ml media.
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Figure 18 - Electron micrograph of an untreated L5178Y lymphoblast 
(x 20,000 ).
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Figure 19 - Electron micrograph of an L5178Y lymphoblast which had been 
treated for 350 hours with phenylalanine ammonia-lyase (1.1 U/15 ml media) 
(x 25,000 ).
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ml FHS) f o r  ap p ro x im a te ly  350 h o u rs . At th e  tim e th e se  m icrog raphs were 

ta k e n , l e s s  th an  2 % o f the  c e l l s  w ere v ia b le  and ap p ro x im a te ly  80-907. o f 

th e  c e l l s  p re s e n t  e x h ib ite d  d e g e n e ra t iv e  changes re sem b lin g  th o se  shown 

in  F ig u re  19.



CHAPTER IV 

DISCUSSION

The tre a tm e n t o f  leukem ic  lym phocytes w ith  PAL app ears  to  r e s u l t  

in  a  s e q u e n t ia l  s e r i e s  o f  e v e n ts :  f i r s t ,  i n h i b i t i o n  o f  p r o te in  s y n th e s i s ,

th en  i n h i b i t i o n  o f  RNA and DNA s y n th e s i s ,  th en  i n h i b i t i o n  o f c e l l  

d i v i s i o n ,  and f i n a l l y  d e c re a se d  c e l l  v i a b i l i t y .

In  p r o te in  s y n th e s i s ,  PAL r a p id ly  i n h i b i t s  le u c in e  in c o rp o ra t io n  

i n t o  a c id - in s o lu b le  m a te r i a l ,  w ith  an e v e n tu a l ,  g ra d u a l  ta p e r in g  o f f .

The enzym e's mechanism o f  a c t io n  o c c u rs  th ro u g h  d e p le t io n  o f 

p h e n y la la n in e , an  e s s e n t i a l  amino a c id  f o r  mammalian c e l l s .  The
O

d eam in a tio n  r a t e  o f  p h e n y la la n in e  can be  c o r r e l a t e d  w ith  d e c re a se s  i n  H- 

le u c in e  in c o r p o r a t io n ,  s in c e  th e  enzyme a ls o  d eam in a te s  82% o f  th e  

exogenous p h e n y la la n in e  i n  th e  medium w ith in  th e  f i r s t  6  h o u rs .

D eam ination  o f  th e  rem a in in g  p h e n y la la n in e  r e q u i r e s  an a d d i t io n a l  40 h o u rs .

The amount o f  p h e n y la la n in e  (2 1 .7  p g / c e l l )  r e q u ire d  to  m a in ta in  

a c t i v e ly  m e ta b o liz in g  c e l l s  as  d e te rm in ed  a f t e r  PAL tre a tm e n t a p p ea rs  to  

be low er when p h e n y la la n in e  i s  ex c lu d ed  and c e l l  v i a b i l i t y  i s  m easured . 

S p e c ia l  F i s c h e r 's  medium w ith o u t  p h e n y la la n in e  b u t  w ith  10% u n d ia ly z e d  o r  

10% d ia ly z e d  h o rs e  serum  c o n ta in in g  40 yg and 0 .2 8  yg o f  p h e n y la la n in e , 

r e s p e c t iv e ly ,  can  s u p p o r t  p o p u la t io n  grow th to  a  maximum o f  9 .9  and 5 .1  

X 10^ c e l l s ,  r e s p e c t iv e ly ,  b e fo re  c e l l  v i a b i l i t y  d im in is h e s . The c e l l  

c o u n ts  a r e  a t  l e a s t  f iv e  tim es  h ig h e r  th an  th e  c a lc u la te d  v a lu e s  would

62
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be on th e  b a s is  o f 2 1 .7  p g / c e l l .  These r e s u l t s  co u ld  be e x p la in e d  on th e  

b a s i s  o f  c a r ry -o v e r  o f  p h e n y la la n in e  from th e  p re v io u s  medium, c o n ta in in g  

55 pg/m l o f  p h e n y la la n in e , o r  a  s lo w er d e p le t io n  o f p h e n y la la n in e  s to r e s  

In th e  c e l l  s in c e  d i e t a r y  r e s t r i c t i o n  may n o t d e p le te  p h e n y la la n in e  as 

r a p id ly  a s  PAL t r e a tm e n t .

As m entioned  e a r l i e r ,  th e  L5178Y c e l l  l i n e  i s  known to  r e q u ir e  

exogenous a sp a ra g in e  (8 5 ) . T rea tm en t o f  th e s e  c e l l s  w ith  L -a sp a ra g in a se  

i n h i b i t s  c e l l  grow th s im i la r  to  tre a tm e n t o f  th e  c e l l s  w ith  PAL. Bosmann 

and K e sse l (127) h av e  shown th a t  tre a tm e n t o f  th e se  c e l l s  w ith  L- 

a s p a ra g in a s e  r a p id ly  i n h i b i t s  g ly c o p ro te in  and p r o te in  s y n th e s is .  How­

e v e r ,  th ey  a ls o  r e p o r te d  t h a t  h ig h  l e v e l s  o f  a sp a ra g in a s e  do n o t co m p le te ly  

i n h i b i t  p r o te in  s y n th e s i s .  We, to o , found t h i s  a f t e r  tre a tm e n t o f  th e  

c e l l s  w ith  PAL f o r  71 h o u rs . Those p r o te in s  whose s y n th e s is  was n o t 

in h ib i t e d  by enzyme tre a tm e n t may r e p r e s e n t  membrane p r o te in s  w hich a re  

c o n s ta n t ly  b e in g  r e p le n is h e d .  E ag le  e t  a l .  (156 ,157) have shown th a t  in  

c u l tu r e d  HeLa c e l l s  a  s p e c i f i c  i n t r a -  and e x t r a c e l l u l a r  c o n c e n tra t io n  o f 

each  amino a c id  i s  n e c e s s a ry  to  s u s ta in  p r o te in  s y n th e s is  and c e l l u l a r  

g row th . However, la b e le d  p re c u rs o r s  can be  in c o rp o ra te d  in to  p r o te in  

even  in  th e  ab sen ce  o f  n e t  p r o te in  s y n th e s i s .  W ink ler (158) h a s  a ls o  

re p o r te d  t h a t ,  i n  p r o t e in  s y n th e s is  in  norm al le u k o c y te s , e x t r a c e l l u l a r  

amino a c id s  a re  u sed  p r e f e r e n t i a l l y  over I n t e r n a l  p o o l amino a c id s .  When 

th e  e x t r a c e l l u l a r  am ino a c id  su p p ly  i s  In a d e q u a te , co n tin u o u s  p r o te in  

s y n th e s is  i s  su p p o r te d  by th e  i n t e r n a l  p o o l ,  a t  l e a s t  f o r  a  s h o r t  p e r io d  

o f  tim e .

In  o th e r  c e l l  l i n e s ,  d i e t a r y  d e p r iv a t io n  o f re q u ire d  amino a c id s  

a l s o  i n h i b i t s  p r o t e in  s y n th e s i s .  In  th e  a s p a ra g in a s e  s e n s i t i v e  G ardner
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lymphoma (6C3HED c e l l s ) ,  fo r  exam ple, d e p r iv a t io n  o f  a sp a ra g in e  i n h ib i t s  

p r o te in  s y n th e s is  (1 5 9 ) . L ik ew ise , v a l in e  d e p r iv a t io n  of HeLa c e l l s  

cau se s  i n h i b i t i o n  o f  p r o te in  s y n th e s is  and d is a g g re g a t io n  o f  polysom es 

(1 6 0 ). S y n th e s is  o f  th e  508 rib o so m a l s u b u n i t ,  p a r t i c u l a r l y  th e  rib o so m al 

p r o t e in s ,  i s  a ls o  in h ib i t e d  (1 6 1 ) . Polysom e breakdown h as  a ls o  been  shown 

to  o ccu r in  s t r i n g e n t  s t r a i n s  o f  E s c h e r ic h ia  c o l i  d e p riv e d  o f  p h e n y la la n in e  

(1 6 2 ).

F o llow ing  i n h ib i t i o n  o f p r o t e in  s y n th e s i s ,  PAL tre a tm e n t ap p ea rs  

to  r e s u l t  in  an i n h i b i t i o n  o f  DNA s y n th e s i s .  T h is enzyme a p p ea rs  to  a c t  

p r im a r i ly  on d iv id in g  c e l l s ,  s in c e  norm al lym phocytes in  th e  r e s t in g  

s t a t e  a re  u n a f f e c te d  by PAL, b u t DNA s y n th e s is  i s  in h ib i t e d  in  c e l l s  

s t im u la te d  to  d iv id e  w ith  PHA. L -a s p a ra g in a s e  h a s  a ls o  been  shown to  

have a  s im i la r  e f f e c t  on d iv id in g  c e l l s  as  ev id en ced  by i t s  a b i l i t y  to  

i n h i b i t  m ito g e n -in d u c e d  b l a s t o g e n e s i s , re p re s e n te d  by a  d e c re a se d  in c o r ­

p o ra t io n  o f ^H -thym id ine  in to  DNA (1 6 3 ,1 6 4 ) .

V arious d iv id in g  t i s s u e s  ap p ea r to  be a f f e c te d  d i f f e r e n t l y  by 

a sp a ra g in a se  t r e a tm e n t .  Becker e t  a l .  (165) r e p o r te d  t h a t  t h i s  enzyme 

d e la y s  DNA s y n th e s i s  i n  r e g e n e ra t in g  l i v e r  a f t e r  p a r t i a l  hepatec to m y . On 

th e  o th e r  han d , i t  does n o t a f f e c t  i n t e s t i n a l  and lym phoid c e l l s .  Nor 

does i t  a f f e c t  r e n a l  tu b u la r  c e l l s  s t im u la te d  to  d iv id e  by u n i l a t e r a l  

nephrectom y o r  f o l i c  a c id  i n j e c t i o n ,  n o r  s a l i v a r y  a c in a r  c e l l s  s t im u la te d  

by i s o p r o te r e n o l .  As m entioned  i n  th e  I n t r o d u c t io n ,  th e  enzyme seems to  

cau se  l i t t l e  bone marrow im pairm ent (2 7 ,2 8 ,3 4 ,3 5 ) .

In  L5178Y m urine  leukem ic  ly m p h o b la s ts , PAL ap p ea rs  to  a c t  by 

i n h ib i t i n g  f i r s t  p r o t e in  s y n th e s i s  and th en  RNA and DNA s y n th e s i s .  The 

dependence o f n u c le ic  a c id  s y n th e s is  on p r o te in  s y n th e s is  observed  in
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th e se  c e l l s  has a l s o  been shown in  s e n s i t i v e  c e l l s  t r e a te d  w ith  

a s p a ra g in a s e . T rea tm en t o f G ardner lymphosarcoma (6C3HED-Asn~) c e l l s  

w ith  a sp a ra g in a se  r a p id ly  i n h i b i t s  p r o te in  s y n th e s is ,  th en  DNA s y n th e s is ,  

then  RNA s y n th e s is  (1 6 6 ). E llem  e ^  (167) showed th a t  th e se  e f f e c t s  

a re  due to  d e c e le r a t io n  o f  DNA s y n th e s is  in  each c e l l  by p ro lo n g a tio n  o f 

the  S p h a se . The in h ib i t i o n  o f RNA s y n th e s is  a f t e r  in h ib i t i o n  o f DNA 

s y n th e s is  a l s o  o c c u rs  in  a  d e f i n i t e  seq u en ce . R ibosom al RNA i s  in h ib i te d  

f i r s t ,  fo llow ed  by in h ib i t i o n  o f  DNA-like RNA, and f i n a l l y  in h ib i t i o n  o f 

t r a n s f e r  RNA. Both th e  t r a n s c r i p t i o n  and p ro c e ss in g  o f  rib o so m al RNA a re  

i n h ib i t e d .  S aunders (168) h as  a l s o  shown th a t  a sp a ra g in a se  tre a tm e n t o f 

p a t i e n t s  w ith  a c u te  ly m p h o b la s tic  leukem ia  b lo ck s  e n tra n c e  o f th e  c e l l s  

In to  th e  S phase  o f th e  c e l l  c y c le .  The c e l l s  in  th e  S phase  which a re  

s y n th e s iz in g  DNA go on to  com ple te  c e l l  d iv is io n .  The p o p u la tio n  o f c e l l s  

in  m i to s is  does n o t  d e c re a se  u n t i l  c e l l s  a re  unab le  to  s y n th e s iz e  DNA.

A s im i l a r  dependence o f  n u c le ic  a c id  s y n th e s is  on p r o te in  

s y n th e s is  has been  shown when G ardner lymphoma (6C3HED) and Jen sen  sarcom a 

c e l l s  a r e  d e p riv e d  o f  a sp a ra g in e  (1 6 6 ,1 6 9 ) , o r when an amino a c id -  

d e f i c i e n t  medium p lu s  d la ly z e d  serum  i s  u sed  (1 7 0 ). I n  E h r l lc h  a s c i t e s  

tumor c e l l s ,  an  amino a c id  d e f i c i e n t  d i e t  a ls o  i n h i b i t s  r ib o so m a l RNA 

s y n th e s i s .  However, n e i th e r  th e  m a tu ra t io n ,  p ro c e s s in g , and t r a n s p o r t  o f  

n u c le a r  p re c u rs o r s  i n t o  c y to p la sm ic  rib o so m a l RNA n o r  th e  s y n th e s is  o f  

r a p id ly  la b e le d  RNA i s  a f f e c te d  (1 7 1 ) . In  c u ltu re d  human l i v e r  c e l l s  

(C h a n g 's ) , d e p r iv a t io n  o f  e i t h e r  g lu ta m in e  o r le u c in e  d e p re s se s  th e  

fo rm a tio n  o f b o th  rib o so m al RNA and t r a n s f e r  RNA; th e  phenomenon i s  

in d ep en d en t o f  a  d e c re a se d  u p ta k e  o f  p re c u rs o r s  i n t o  th e  a c id - s o lu b le  

n u c le o t id e  p o o l (1 7 2 ,1 7 3 ).
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I n h ib i t i o n  o f p r o te in  s y n th e s is  in  mammalian c e l l s  by purom ycin 

a ls o  i n h i b i t s  su b seq u en t DNA s y n th e s is  (1 74 -176). A f te r  DNA s y n th e s is  

b e g in s , th e  c e l l s  a re  much l e s s  s e n s i t i v e  to  purom ycin, s u g g e s tin g  the  

req u ire m e n t f o r  s y n th e s is  o f  a  p a r t i c u l a r  p r o te in ( s )  f o r  i n i t i a t i o n  o f 

r e p l i c a t i o n .

PAL tre a tm e n t d e c re a se s  c e l l  v i a b i l i t y ,  and a lth o u g h  we d id  n o t 

d e te rm in e  c e l l  s i z e ,  th e  enzyme a ls o  ap p ea rs  m ic ro s c o p ic a lly  to  cause th e  

c e l l  to  become s m a l le r .  C e l l  v i a b i l i t y  c o r r e la t e s  w ith  p h e n y la la n in e  

c o n c e n tra t io n  in  th e  medium. PAL tre a tm e n t and p h e n y la la n in e  

d e p r iv a t io n  r e s u l t  in  s im i l a r  d e c re a s e s  in  c e l l  v i a b i l i t y .

E le c tro n  m ic ro g rap h s o f  c e l l s  t r e a te d  w ith  PAL show many 

d e g e n e ra tiv e  changes in v o lv in g  breakdown o f c e l l u l a r  membrane, fo rm a tio n  

o f l i p i d  b o d ie s ,  and a  g e n e ra l iz e d  l y s i s  o f  c e l l u l a r  s t r u c t u r e .  When 

th e se  c e l l s  a re  suspended  in  f r e s h  medium, how ever, even  a f t e r  350 h o u rs  

o f t re a tm e n t w ith  PAL, th e  c e l l s  reg row . T h is  reg ro w th  cou ld  be due to  

th e  f a c t  t h a t  even though a lm o st a l l  o f  th e  p h e n y la la n in e  in  th e  medium i s  

co n v e rted  to  c innam ic  a c id ,  th e  a ss a y  i s  s i g n i f i c a n t  o n ly  to  w ith in  3-4%. 

Thus, a  sm a ll b u t u n d e te c ta b le  amount o f  p h e n y la la n in e  (< 0 .2  pM) m ight 

be p r e s e n t  in  th e  medium and be  s u f f i c i e n t  to  m a in ta in  a  sm a ll p o p u la tio n  

o f c e l l s .  T h is  p o s s i b i l i t y  i s  f u r t h e r  su p p o rted  by th e  f a c t  t h a t  th e  

e q u i l ib r iu m  c o n s ta n t  f o r  th e  d e am in a tio n  r e a c t io n  p r e d ic t s  th a t  

a p p ro x im a te ly  0.02% o f  th e  o r i g i n a l  p h e n y la la n in e  (< 0 .0 8  pM) rem ains in  

th e  medium.

D ie ta ry  d e p r iv a t io n  o f  amino a c id s  in  o th e r  c e l l  l i n e s  has a l s o  

been shown to  d e c re a se  c e l l  v i a b i l i t y .  E ag le  (177) found th a t  mouse L 

and HeLa c e l l s  d e p riv e d  o f  s in g le  amino a c id s  d evelop  m ic ro sco p ic  changes
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I n d ic a t iv e  o f c e l l  in ju r y  w ith in  2-3 d a y s . The c e l l s  e v e n tu a lly  d i e ,  w ith  

the  changes depending  on th e  p a r t i c u l a r  amino a c id  d e f ic ie n c y .  C e lls  

exposed to  a  medium d e f i c i e n t  i n  a  s in g le  amino a c id ,  w hich have la r g e ly  

d e g e n e ra te d , can be re v iv e d  on r e s t o r a t i o n  o f th e  m iss in g  component.

Cohen e ^  a l . (178) found t h a t  HeLa c e l l s  d e p riv e d  o f  v a l in e  im m edia te ly  

s to p  g row ing , undergo a  s e r i e s  o f  d e g e n e ra tiv e  changes in  c e l l  s t r u c t u r e ,  

and th e n  d e c re a se  in  p o p u la t io n .  R e a d d itio n  o f  v a l in e  prom otes r e p a i r  o f  

s u rv iv in g  c e l l s ,  and th ey  resum e norm al grow th .

L i t t l e f i e l d  (179) found th a t  p ro lo n g ed  la c k  o f  fe e d in g  o f L c e l l s

r e s u l t s  in  a p ro g re s s iv e  lo s s  o f  c e l l  v i a b i l i t y ,  w ith  th e  rem ain ing  c e l l s  

becom ing p a r t i a l l y  sy n c h ro n iz e d . P h e n y la la n in e  d e p r iv a t io n  o f  L5178Y 

c e l l s  r e s u l t e d  in  a  p ro g r e s s iv e  lo s s  o f  c e l l  v i a b i l i t y  b u t  d id  n o t ap p ea r 

to  p ro d u ce  a sy n ch ro n ize d  p o p u la t io n .  C e l ls  p r e t r e a te d  w ith  PAL and 

t r a n s f e r r e d  to  f r e s h  medium showed reg ro w th  even a f t e r  300 h o u rs  o f 

enzyme tr e a tm e n t .  However c e l l  co u n ts  done a t  h o u r ly  i n t e r v a l s ,  showed 

t h a t  th e  c e l l s  in c re a s e d  p r o g r e s s iv e ly  in  number o v e r  a  1 2  hour p e r io d , 

in d ic a t in g  an  asynchronous p o p u la t io n .

The r e s u l t s  o f  p re v io u s  s tu d ie s  showing t h a t  amino a c id  d e p r i ­

v a t io n  d e c re a se s  c e l l  v i a b i l i t y  c o n t r a s t  w ith  th e  d a ta  o f  Tobey and Lay 

(1 8 0 -1 8 2 ). They used i s o le u c in e  d e p r iv a t io n  to  sy n c h ro n iz e  C hinese 

h am ste r (L ine  CHO), mouse L , and S y r ia n  ham ster BHK21 c e l l s  in  th e

ph ase  o f  th e  c e l l  c y c le .  The s t a t e  i s  c h a r a c te r iz e d  by reduced  c e l l

d i v i s i o n ,  s t a b i l i z a t i o n  o f  c e l l  num ber, and DNA s y n th e s is  d ro p p in g  to  

z e ro . These C hinese h a m ste r  c e l l s  can be  m a in ta in ed  i n  th e  s t a t io n a r y  

ph ase  o f  th e  grow th c y c le ,  e x h ib i t in g  a  95% v i a b i l i t y  f o r  a t  l e a s t  80 

h o u rs , w ith  e s s e n t i a l l y  a l l  th e  c e l l s  in  G^. In  th e  p re se n c e  o f



68

s u f f i c i e n t  g lu ta m in e , a p p ro x im a te ly  2  x 1 0 ” ^ M i s o le u c in e  i s  re q u ire d  fo r  

a l l  c e l l s  to  i n i t i a t e  DNA s y n th e s is  in  a p o p u la t io n  i n i t i a l l y  c o n ta in in g

I .3  X 10^ f o l l s / m l .  Under s im i la r  c o n d i t io n s ,  about 4 x 10“^ M is o le u c in e  

is  re q u ire d  f o r  a l l  a r r e s t e d  c e l l s  to  p ro g re s s  th rough  c e l l  d iv i s io n  in  

synchrony . The r e s u l t s  o f  Tobey and Lay a l s o  in d ic a te  t h a t  a  c o n c e n tra ­

t io n  o f  4 pm i s o le u c in e  i s  r e q u ir e d  to  m a in ta in  c e l l  d iv i s io n  o f  1 .5  x 10^ 

c e l l s ;  o n ly  h a l f  t h i s  amount (2 pm) i s  r e q u ire d  to  i n i t i a t e  DNA s y n th e s is  

in  th e  same number o f  c e l l s .  T h e ir  lo w er v a lu e  i s  a p p ro x im a te ly  100 tim es 

h ig h e r  th a n  th e  p h e n y la la n in e  c o n c e n tra t io n  (0 .0 2  pm) d e te rm in ed  by PAL 

tre a tm e n t r e q u ire d  to  m a in ta in  v i a b i l i t y  o f  a  s im i la r  volume o f L5178Y 

c e l l s .  However, as  shown by McCarty (1 8 3 ) , a  s e l e c t i v e  q u a n t i t iv e  

u t i l i z a t i o n  and l i b e r a t i o n  o f  amino a c id s  o c cu rs  t h a t  i s  c h a r a c t e r i s t i c  

o f  d i f f e r e n t  e s ta b l i s h e d  c e l l  l i n e s  in  c u l t u r e .

In  o th e r  s tu d ie s  w ith  C hinese h am ste r c e l l s  (p se u d o d ip lo id  l i n e  

C14FAF28), F reed  and S c h a tz  (184) found t h a t  d e p r iv a t io n  o f  any s in g le  

re q u ire d  amino a c id  i n h i b i t s  th e  d iv i s io n  c y c le  d u r in g  th e  S p h a se . A f te r  

r e s t o r a t i o n  o f th e  amino a c id ,  th e  d iv i s io n  c y c le  i s  com ple ted . F u r th e r ­

m ore, th e  amino a c id  d e p r iv a t io n  p rod u ces  chromosomal a b n o rm a li t ie s  

in c lu d in g  m u l t ip le  b re a k s  and exchanges. The number o f  a b e r r a t io n s  

in c re a s e s  as  a  fu n c t io n  o f  th e  tim e th e  c e l l s  a re  h e ld  in  th e  in h ib i t e d  

s t a t e .  S in ce  chromosomal a n a ly s is  w ere n o t perform ed  in  c e l l s  t r e a te d  

w ith  PAL, i t  cou ld  n o t be  d e te rm in ed  i f  t re a tm e n t w ith  PAL r e s u l t e d  in  a 

s im i la r  e f f e c t .

In  o th e r  c e l l  l i n e s .  Ward and Flagem an (185) found th a t  th e  

t r a n s i t i o n  o f  su sp e n s io n  c u l tu r e s  o f  N o v lk o ff r a t  hepatom a c e l l s  from th e  

e x p o n e n tia l  grow th p h ase  to  th e  s t a t i o n a r y  ph ase  i s  accom panied by a 90%
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d e c re a se  in  th e  r a t e  o f  s y n th e s is  o f DNA, RNA, and p ro te in  and by a 

minimum c e l l  s i z e .  C e l ls  s t a i n a b le  w ith  try p a n  b lu e ,  in d ic a t in g  d ecreased  

c e l l  v i a b i l i t y ,  a p p ea r e a r ly  in  th e  s t a t io n a r y  phase  and t h e r e a f t e r  in ­

c re a s e  p ro g r e s s iv e ly  a lth o u g h  th e  t o t a l  number o f  c e l l s  rem ains c o n s ta n t .

Comparable r e s u l t s  w ere o b ta in e d  by W atanabe and Okada (186) 

w orking w ith  L5178Y c e l l s  In  th e  s t a t io n a r y  p h ase . They found th a t  th e  

t r a n s i t i o n  from th e  e x p o n e n tia l  grow th ph ase  to  th e  s t a t io n a r y  phase 

c o n s is t s  o f an e a r ly  phase  c h a r a c te r iz e d  by a  d e c l in e  In  th e  m i to t i c  index  

fo llow ed  by s t a b i l i z a t i o n  o f  c e l l  num ber. S e v e ra l h o u rs  a f t e r  f l a t t e n i n g  

o f th e  grow th c u rv e , th e  number o f  n o n v la b le  c e l l s  b e g in s  to  In c re a s e  as 

m easured by th e  e o s ln  dye e x c lu s io n  t e s t .  F u rth e rm o re , th e  dy ing  o r dead 

e o s ln - s ta ln e d  c e l l s  p e r s i s t  In  th e  medium f o r  s e v e r a l  days an d , a f t e r  

t h i s ,  a r e  on ly  s lo w ly  e l im in a te d .  They have p o s tu la te d  t h a t  th e  s t a t i o n ­

a ry  phase  I s  p ro b a b ly  cau sed  by a  d e p le t io n  o f e s s e n t i a l  n u t r i e n t s , 

a ccu m u la tio n  o f  to x ic  w a s te s ,  o r  b o th .

The r e s u l t s  o f  th e  p r e s e n t  s tu d y  I n d ic a te  t h a t  PAL tre a tm e n t o f  

leukem ic c e l l s  d e p r iv e s  th e  r a p id ly  grow ing c e l l s  o f  p h e n y la la n in e . T h is  

th en  cau ses  a t r a n s i t i o n  from  th e  e x p o n e n tia l  to  th e  s t a t io n a r y  phase o f 

grow th . The e a r ly  p a r t  o f  th e  s t a t i o n a r y  grow th p h ase  cou ld  be  c h a ra c ­

te r i z e d  by d e c re a se s  In  p r o t e i n ,  RNA, and DNA s y n th e s i s ,  r e s u l t i n g  In  an 

I n h ib i t i o n  o f c e l l  d iv i s io n  and a  s t a b i l i z a t i o n  o f  c e l l  num ber. I n h ib i ­

t io n  o f  m acrom olecu lar s y n th e s is  e v e n tu a l ly  p ro duces chromosomal abnor­

m a l i t i e s  and c e l l  d e g ra d a t io n ;  th e  s e v e r i t y  o f  th e  e f f e c t s  depend on th e  

d u ra t io n  o f  p h e n y la la n in e  d e p r iv a t io n .  The u l t im a te  e f f e c t  o f  p h en y l­

a la n in e  r e s t r i c t i o n  I s  d e c re a se d  c e l l  v i a b i l i t y .

In  c o n c lu s io n , th e  r e s u l t s  o f  t h i s  s tu d y  In d ic a te  t h a t  PAL I s  

an  e f f e c t i v e  c h em o th e ra p e u tic  a g en t ija v i t r o  b ecau se  I t  I n h i b i t s  leukem ic
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c e l l  g row th . F u r th e r  s tu d ie s  in v e s t ig a t i n g  th e  e f f e c t s  o f  PAL on neo­

p l a s t i c  c e l l  g row th in  tumor b e a r in g  an im a ls  a re  r e q u ire d  to  e s t a b l i s h  

the  enzyme a s  a  u s e f u l  a g en t f o r  th e  t re a tm e n t o f c a n c e r  in  man.



CHAPTER V

SUMMARY

Human p e r ip h e r a l  b lo o d  lym phocytes o b ta in e d  from b o th  norm al 

donors and p a t i e n t s  w ith  a c u te  ly m phocy tic  leukem ia (ALL) and L5178Y 

murine leukem ic  ly m p h o b lasts  w ere m a in ta in ed  in  t i s s u e  c u l tu r e .  The c e l l s  

w ere t r e a t e d  w ith  e i t h e r  p h e n y la la n in e  am m onia-lyase (PAL) o r  L - 

a s p a ra g ln a s e . The e f f e c t s  o f  e ach  tre a tm e n t w ere compared to  e v a lu a te  

th e  e f f e c t iv e n e s s  o f  PAL ^  v i t r o  as a  p o s s ib le  c a n c e r  ch em o th erap eu tic  

a g e n t.

The r e s u l t s  d em o n stra ted  t h a t  PAL and a sp a ra g in a se  i n h ib i t e d  c e l l  

d iv is io n  in  human leukem ic c e l l s  and L5178Y m urine leukem ic ly m p h o b la s ts . 

However, PAL was shown to  have l i t t l e  o r  no e f f e c t  on r e s t i n g  (non­

d iv id in g )  n o rm al human lym phocy tes.

The mechanism by w hich PAL i n h i b i t s  leukem ic  c e l l  grow th was 

f u r th e r  i n v e s t ig a te d  u s in g  L5I78Y m urine leukem ic ly m p h o b la s ts . PAL 

tre a tm e n t i n i t i a t e d  a  d e f i n i t e  sequence  o f  e v e n ts ;  The f i r s t  e f f e c t  o f 

enzyme tr e a tm e n t  appeared  to  be  an i n h i b i t i o n  o f  p r o te in  s y n th e s i s .  T h is 

was fo llo w ed  by i n h ib i t i o n  o f  RNA and DNA s y n th e s i s ,  and l a t e r  an 

i n h ib i t i o n  o f  c e l l  d iv i s io n  and a  s t a b i l i z a t i o n  o f  c e l l  num ber. The 

u l t im a te  e f f e c t  o f  enzyme tr e a tm e n t  was a  d e c re a se  in  c e l l  v i a b i l i t y .

F u r th e r  s tu d ie s  showed th a t  c e l l  v i a b i l i t y  o f  th e  L5178Y m urine 

leukem ic ly m p h o b la s ts  in  c u l tu r e  cou ld  be  c o r r e la te d  w ith  p h e n y la la n in e
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c o n c e n tr a t io n  in  th e  medium. S im ila r  d e c re a se s  in  c e l l  v i a b i l i t y  were 

o bserved  by c u l tu r in g  th e  c e l l s  in  a  p h e n y la la n in e - d e f ic ie n t  medium.

The leukem ic  lym p h o b lasts  w ere n o t  a f f e c te d  by c innam ic  a c id ,  coum aric 

a c id ,  and ammonia, th e  p ro d u c ts  o f  p h e n y la la n in e  and ty ro s in e  d eam in a tio n , 

no r in a c t iv a te d  p h e n y la la n in e  am m onia-lyase. These r e s u l t s  su g g e s t th a t  

PAL i n h i b i t s  c e l l  d iv is io n  by d e p r iv in g  th e s e  r a p id ly  grow ing c e l l s  o f  

the  amino a c id  p h e n y la la n in e .
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