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ABSTRACT

ISOLATION AND CHARACTERIZATION OF ARGINASE ISOZYMES 

FROM BOVINE LIVER AND BRAIN

by

CHRISTINA CARR 

U n iv e rs i ty  o f  New Hampshire,  September 1983

A chromatographic method was developed to  I s o l a t e  arg lnase Isozymes 

from bovine b ra in  and l i v e r .  The p u r i f i e d  p ro te in s  were c h a ra c te r iz e d  as 

t o  t h e i r  n a t iv e  m olecular  we ight ,  subunit  s t r u c t u r e ,  amino acid composi

t i o n ,  hexose con ten t ,  behavior  on d isc gel e le c t r o p h o r e s is ,  and re a c t io n  

w ith  polyclonal  an t ib o d ies  ra ised  ag a in s t  a l i v e r  arglnase ant igen .  An 

a r g I n a s e - s p e c l f I c  messenger RNA prepa ra t ion  was a lso  Iso la te d  from l i v e r  

polysomes using Immunological techniques.

Two l i v e r  and four  b ra in  arglnases were p u r i f i e d ,  having s i m i l a r  

n a t i v e  m o l e c u l a r  w e i g h t s ,  y e t  d i f f e r e n t  s u b u n i t  c o m p o s i t i o n s ,  and 

d i s p l a y i n g  v a r y in g  a f f i n i t i e s  f o r  t h e  Mn^+ Ion t h a t  Is  r e q u i r e d  f o r  

c o m p l e t e  e n z y m a t i c  a c t i v i t y .  The amino a c i d  c o m p o s i t i o n s  o f  al  I s i x  

p r o t e i n s  a r e  c l o s e l y  r e l a t e d ,  a l t h o u g h  t h e r e  a r e  some n o t i c e a b l e  

d i s p a r i t i e s ,  p a r t i c u l a r l y  with respect  t o  a la n in e .

When analyzed by d isc  gel e le c t r o p h o r e s is ,  a bovine l i v e r  or  b ra in  

arglnase enzyme w i l l  appear as a d i f f u s e  band. The carbohydrate moiety



o f  these molecules may be responsib le  f o r  t h i s  p a t t e r n ,  but a v a r i a b l e  

loss o f  Mn2+ In the  e l e c t r i c  f i e l d  a lso  c o n t r ib u te s  t o  the  d i f fu s e n e s s ,  

s i n c e  t h e  m i g r a t i o n  o f  each Isozyme was observed  t o  change I f  

separated by e le c t ro p h o res is  In the  presence o f  added Mn^* or  EDTA.

Several d i s t i n c t  a n t ig e n ic  determinants  were recognized by a n t l -  

I I v e r  a r g I n a s e  a n t  I b o d le s .  Two o f  t h e  b o v In e  bra  In a r g I n a s e  p r o t e I n s  

I d e n t i f i e d  In t h i s  work share one o f  these Immunological s i t e s  w i th  the  

l i v e r  enzyme, w h i le  the  o th e r  two arglnases Iso la te d  from bra in  t is s u e  

hold a s e p a r a t e  d e t e r m i n a n t  In common w i t h  I t .  B o v in e  l i v e r  a r g l n a s e  

ant ibod ies  were a lso  observed t o  c r o s s - r e a c t  w i th  the  arg lnase enzyme In 

a mouse l i v e r  homogenate.

An arglnase enriched mRNA prepa ra t ion  was t r a n s la te d  In a cel I - f r e e  

sys te m .  A f t e r  I mmunoprec I p I t a t  Ion and SDS e l e c t r o p h o r e s i s ,  t h e  

t ra n s la te d  products migrated t o  the  same p o s i t io n s  as a u th e n t ic  l i v e r  

arglnase Isozymes.



CHAPTER I

INTRODUCTION

In te rm ed ia ry  metabolism represents  the  I n te r a c t io n  o f  many r e la te d  

enzymatic  pathways. Hence one compound may serve as precursor t o  several  

v e r y  d i f f e r e n t  p r o d u c t s ,  depending  on t h e  l o c a t i o n  o f  I t s  p r o d u c t i o n  

w i t h in  a c e l l ,  and on the  metabol ic  needs o f  t h a t  c e l l .  Isozymlc forms 

of an enzyme f re q u e n t ly  e x i s t  to  I n i t i a t e  the  ap p ro p r ia te  conversions of  

such a p r e c u r s o r .  F u n c t i o n a l l y  s i m i l a r  enzymes may a r i s e  d u r in g  t h e  

s e v e r a l  s ta g e s  o f  c e l l  d i f f e r e n t i a t i o n  (e .g . ,  muse Ie  p y r u v a t e  k I n a s e  

Isozymes Ml and M2, Hance @± a_L., 1982); they may be located In d is c r e t e  

c e l l u l a r  co m p a r tm e n ts  (e .g . ,  c y t o s o l i c  and m itochondr ia l  chicken heart  

a s p a r t a t e  a m i n o t r a n s f e r a s e ,  Sonderegger  s ±  a l . ,  1982 ) ;  o r  t h e y  may 

res ide  In two separate  t is s u e s  (e .g . ,  l i v e r  and s a l i v a r y  g I and oi-amy I ase,  

Sch I b I e r  g ±  a l . ,  198 0 ) .  S i m i l a r  enzymes may be found In more th an  one 

species o f  animal as w e l l  (e .g . ,  r a t  and cow adrenal phenylethanolamlne  

N-methyI t r a n s f e r a s e ,  Park § ±  a ± .,  1982). Character  I s t i e s  which serve to  

d is t in g u is h  these molecules from each o th e r  may r e s u l t  from p o s t - t r a n s -  

l a t lo n a l  m o d i f ic a t io n s  such as g ly c o s y la t lo n ,  s u l f a t i o n ,  or  phosphoryla

t io n  o f  the  p ro te in s .  A l t e r n a t i v e l y ,  s t r u c t u r a l  and/or  func t iona l  dev ia 

t io n s  between Isozymes may r e s u l t  from d i f f e r e n c e s  In the gene, o r ,  

t h e o r e t i c a l l y ,  d i f f e r e n c e s  In the  processing o f  the  nuc lear  messenger RNA 

p r e c u r s o r .  Thus,  Isoenzymes may o r i g i n a t e  f rom  c l o s e l y  r e l a t e d  genes  

( S c h l b l e r  g±  a ± . ,  1980; MacDonald £ ± a ± . ,  1982) ;  t h e y  may e x i s t  because



o f  gene rearrangements accompanying c e l l  d i f f e r e n t i a t i o n  (E a r ly  e t  a l . f 

1980; Kadowakt and Knox, 1982); o r  as a consequence o f  d iv e rs e  process

ings o f  a common mRNA precursor  ( A l t  g ±  a I . f 1980; Young g±  a I 1981a).

Any successful c h a r a c t e r I z a t I o n  and comparison o f  s i m i l a r  enzyme 

a c t i v i t i e s  found w i t h i n  s u b c e l I u I a r  f r a c t i o n s ,  o r  lo c a t e d  w i t h i n  tw o  

d i s s i m i l a r  t is s u e s  req u i res  th e  p u r i f i c a t i o n  o f  those p ro te in s  to  homo

g e n e i t y .  However ,  t h e  v e r y  f a c t  t h a t  isoenzymes a r e  m o le c u le s  t h a t  

d i f f e r  in some degree can c r e a te  d i f f i c u l t i e s  when a t te m p t in g  t o  apply  

the  same Is o la t io n  protocol  t o  them. For example, a c e ty lc h o l in e s te r a s e  

o cc u rs  in a s y m m e t r i c a l  and g l o b u l a r  fo rm s in  mammalian b r a i n .  These  

fo rm s e x h i b i t  w e l l  d e f i n e d  and d i f f e r e n t  s o l u b i l i t y  p ro p e r t ie s  which 

c a l l  f o r  a l t e r n a t e  methods o f  e x t r a c t i o n  (Grassi § ±  a l . ,  1982). Problems  

have a l s o  been r e p o r t e d  d u r i n g  t h e  s e p a r a t i o n  o f  t h e  t w o  d o p a m l n e ^ -  

h y d r o x y la s e s  found In a d r e n a l  c h r o m a f f i n  g r a n u l e s .  A l th o u g h  t h e  o n l y  

major d i s t i n c t i o n  between the  s o lu b le  and membrane-bound enzymes res ides  

I n a hyd ro p h o b Ic  t a i I  l o c a t e d  on t h e  I a t t e r  p r o t e  I n ,  t h  is  d I f f e r e n c e  

necess i ta tes  the  use o f  d i f f e r e n t  e x t r a c t i o n  and a f f i n i t y  chromatography  

schemes ( F ls c h e r - C o lb r ie  e±  &]_., 1982).

A number o f  b iochemical  parameters are  u s u a l ly  employed t o  eva lua te  

v a r i o u s  p r o p e r t i e s  o f  p u r i f i e d  Isozym es:  n a t i v e  m o l e c u l a r  s i z e  and 

s u b u n i t  s t r u c t u r e ;  r e a c t i v i t y  w i t h  s e v e r a l  s u b s t r a t e s ,  c o f a c t o r s ,  o r  

I n h ib i t o r s ;  pH optimum; r e l a t i v e  e l e c t r o p h o r e t l c  m o b i l i t y ;  carbohydrate  

composit ion;  s o l u b i l i t y  p r o p e r t i e s ,  and re a c t io n  w i th  a n t ib o d ies .  Post -  

t r a n s l a t i o n a l  m o d i f i c a t i o n s  o f  t h e  p o l y p e p t i d e  c h a in  a r e  a f r e q u e n t  

cause o f  Isozymlc d ivergence In some of  these p r o p e r t ie s .  G lyc osy la t ion  

Is a prime example o f  t h i s  phenomenon. Because the  a d d i t io n  o f  sugars t o



g l y c o p r o t e i n s  Is  n o t  under  d i r e c t  g e n e t i c  c o n t r o l ,  b u t  Is  e f f e c t e d  by 

the  sequent ia l  a c t io n  o f  several  g IycosyI  t r a n s f e r a s e  enzymes, heterogen

e i t y  o f t e n  e x i s t s  In t h e  c a r b o h y d r a t e  p o r t i o n  o f  t h e s e  p r o t e i n s ,  and 

m a n i f e s t s  I t s e l f  as a p p a r e n t  d i f f e r e n c e s  In Isozym e c h a r g e ,  mass, o r  

conformat ion.  Thus, when analyzed by po lyacry lam ide  gel e le c t r o p h o r e s is  

(S ldorowlcz  e± aL. ,  1980),  sodium dodecyl s u l f a t e  (SDS) e le c t ro p h o re s is  

(Range I - A  I dao a t  1 9 7 9 ) ,  o r  tw o  d I  mens Iona  I I s o e l e c t r i c  f o c u s in g  

(Hsu and Kingsbury, 1982),  Isozymes may present  very d i s s i m i l a r  migra

t i o n  pa t te rns .  Removal o f  the  a t t a c h e d . group(s) can r e s to r e  the  nascent  

polypept ide  charge,  and hence m o b i l i t y  In an e l e c t r i c  f i e l d .  This Is not  

a lw a y s  t r u e ,  how ever ,  (Chu a t  a l . »  197 8 ) .  Leach a t  aJL. ( 1980 )  s t u d i e d  

the  gel chromatographic and e le c t r o p h o r e t i c  behavior  o f  g lyco p ro te in s  

In SDS, and could e s t a b l i s h  no c o n s is te n t  c o r r e l a t i o n  between carbohy

d r a te  conten t  and m ig ra to ry  p o s i t io n .  I t  Is t h e r e f o r e  not  easy t o  o b ta in  

r e l i a b l e  es t im a t io n s  o f  g lyco p ro te in  m olecu lar  weight  In SDS.

A l th o u g h  sug ar  r e s i d u e s  have been shown t o  I n f l u e n c e  s u b s t r a t e  

binding In human a l k a l i n e  phosphatase (Komoda and SakaglshI ,  1976) and 

y - g | u t a m y I  t r a n s f e r a s e  (Shaw a t  1 9 8 0 ) ,  c a r b o h y d r a t e  Is  n o t  usual  ly  

requ ired  fo r  e f f e c t i v e  b io lo g ic a l  a c t i v i t y  In g ly c o p ro te in  enzymes (Chu 

S± a_L.» 1978; F u j  Isawa a t  a t . ,  1978; Olden e ± a l . ,  1982) .  I n s t e a d ,  t h e  

a f f i x e d  carbohydrate f re q u e n t ly  funct ions to  m a in ta in  the  p r o te in  In a 

s t a b l e  c o n f o r m a t i o n  ( T a s h l r o  and T r e v i t h i c k ,  1977; Chu a t  &J..» 1978;  

Gibson a t  a t . ,  1979) .  H e te rog eneou s  sugar  m o i e t i e s  a r e  n o t  o f t e n  t h e  

cause o f  Immunological d i f f e r e n c e s  between Isozymes because they a re  not  

usua l ly  a n t ig e n ic  (Shaw a t  a L ,  1980; Sldorowlcz  a t  aL.» 1980; Young a t  

a t . ,  1981b). The enzyme glucoamylase represents  an except ion ,  however,



s i n c e  P a z u r  g ±  a l .  ( 1 9 8 1 )  produced a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  

s i n g l e  ol  Igosaccharlde chain  In s t e a d  o f  t h e  p o l y p e p t i d e  c h a in  o f  t h i s  

p r o te in .  Park s ±  aJL. (1982) have a lso  suggested t h a t  some o f  the  unique 

determinants  located on bovine adrenal phenyl ethanol amine N-methyI t r a n s 

ferase  occur because o f  the  appended carbohydrate.

A l t e r n a t i v e  p o lyp e p t id e  composit ions,  w i th  the  a t te n d a n t  p o s s i b i l i 

t i e s  f o r  changes In the  secondary, t e r t i a r y ,  and quaternary  s t r u c tu re s  

o f  t h e  p r o t e i n s ,  c o n t r i b u t e  more c o n c l u s i v e l y  t o  d i s t i n c t  m o l e c u l a r  

p r o p e r t i e s  betw een  Iso z y m e s .  A l th o u g h  t h e  tw o  ty p e s  o f  c h ic k e n  h e a r t  

a s p a r ta te  am ino t rans fe rase  have s i m i l a r  m olecu lar  weights ,  t h e i r  amino 

acid sequence homology Is  low (46$) ,  and t h e i r  I s o e l e c t r i c  po in ts  d i f f e r  

m a r k e d ly  (pH 9.0  vs pH 6 . 7 ) .  T h i s  c h a rg e  d i f f e r e n c e  Is  t h o u g h t  t o  be 

Importan t  fo r  th e  s e l e c t i v e  In te g r a t io n  o f  the  mitochondr ia l  enzyme In to  

t h e  m i t o c h o n d r i a .  S o n d e re g g e r  g ±  g± .  ( 1 9 8 2 )  and Sannfa  g t  a_L. (1982 )  

have f u r t h e r  d e m o n s t r a t e d  t h a t  t h e  m i t o c h o n d r i a l  , b u t  n o t  t h e  c y t o 

sol  I c ,  Isozyme Is  f i r s t  s y n t h e s i z e d  as a h i g h e r  m o l e c u l a r  w e i g h t  

p recu rs o r .

I n t r a c e l l u l a r  s e r i n e  h y d ro x y m e th y I  t r a n s f e r a s e  p ro te in s  compose 

a n o th e r  p a i r  o f  Isozym es d i f f e r i n g  In  m o l e c u l a r  w e i g h t ,  I s o e l e c t r i c  

p o in t ,  s t a b i l i t y ,  and r e a c t i v i t y  toward a secondary s u b s tra te  ( L - a l l o -  

th reon lne )  (Ogawa and F u j io k a ,  1981).

Isopro te ins  Is o la te d  from several  t is s u e s  d is p la y  d i s t i n c t i v e  pro

p e r t i e s  a lso .  P a n crea t ic  and p a ro t id  <x-amyIase show marked d i f f e r e n c e s  

In e le c t r o p h o r e t i c  m o b i l i t y ,  I s o e l e c t r i c  p o in t ,  and re a c t io n  w i th  a n t i 

b o d ie s .  Such a r e s u l t  Is  a t t r i b u t e d  t o  v a r i a t i o n s  In t h e  am ino  a c id  

c o m p o s i t i o n s  o f  t h e  tw o  p r o t e i n s  (Sanders  and R u t t e r ,  1972) .



F u l ly  a c t i v e  t e s t i c u l a r  d lp e p t ld y l  carboxypeptIdase Is on ly  tw o -  

t h i r d s  as l a r g e  as t h e  p u lm o n ary  enzyme,  y e t  I t  I s  c a t a l y t t c a l  ly  and 

Immunologica lly  s i m i l a r  to  I t .  In a d d i t io n ,  synthesis  o f  the  t e s t i c u l a r  

Isozyme Is  developmental Iy  c o n t r o l le d  s ince  I t s  a c t i v i t y  Is observed to  

r i s e  sharp ly  a t  puberty In c o n t r a s t  t o  the  steady production o f  pulmon

ary  a c t i v i t y .  E I -D o r ry  a l .  (1982) employed a n t  I - p u I m o n a r y - d I p e p -  

t l d y l  carboxypeptIdase an t ib o d ies  ag a in s t  In v i t r o  synthesized p ro te in s  

from both organs t o  demonstrate t h a t  the  In d iv id u a l  s izes  and re g u la to ry  

p r o p e r t i e s  o f  t h e  tw o  Isozymes a r e  s e t  a t  t h e  p r e t r a n s I  a t  Iona I l e v e l .  

These tw o  f u n c t i o n a l l y  a l i k e  m o le c u le s  a r e  e i t h e r ,  as Young s ±  a I . 

( 1981 a )  have sug gested  f o r  mouse I I v e r  and sa l  I v a r y  g la n d  oc-amylases,  

t h e  r e s u I t  o f  t I s s u e - s p e c I f l c  d i f f e r e n t i a l  t r a n s c r i p t i o n  o f  a s i n g l e  

gene, or  e ls e  they are  th e  products of  separate  genes. Gene d u p l i c a t io n  

need not ,  however,  promote an equal divergence o f  a l l  o f  the  molecular  

c h a r a c t e r i s t i c s  o f  t h e  r e s u l t i n g  Isozymes. Alcohol dehydrogenase pro

t e i n s  show d is p a ra te  k i n e t i c  p ro p e r t ie s  (Holmes e± a l . ,  1981), y e t  they  

produce s i m i l a r  Immunological responses (T a lb o t  s ±  a l . ,  1981).

A f t e r  t h e  e x i s t e n c e  o f  m u l t i p l e  Isoenzymes w i t h i n  one o r  more 

t iss u es  has been e s t a b l is h e d ,  and t h e i r  t r a i t s  have been In v e s t ig a te d ,  

the  question of  t h e i r  p hy s io log ica l  r o le (s )  may be addressed. Two d i s 

t i n c t  forms o f  0 -mannosIdase have been Iso la te d  from goat  l i v e r ,  d i f f e r 

ing In t h e i r  pH opt ima ,  sub s t ra te  s p e c i f i c i t y ,  and carbohydrate content  

(Dawson, 1982). The func t ion  o f  the  more a c t i v e  a c i d i c  Isozyme In lyso-  

somes Is c e r t a i n ,  but the  r o l e  o f  the  neu tra l  form has n o t ,  as y e t ,  been 

d e t e r m in e d .  G l u t a t h i o n e  S - t r a n s f e r a s e  p ro te in s  have been d iv ided  In to  

two groups o f  r e l a t e d  macromolecules on the bases o f  d i s s i m i l a r  k i n e t i c



and Im m u n o lo g ic a l  p r o p e r t i e s  (M a n n e r v lk  and Jensson, 1982). These en

zymes are  norm al ly  c l a s s i f i e d  as d e t o x i f i c a t i o n  p r o t e in s ,  but  Pa t t lnson  

(1981 )  has suggested  t h a t  t h e y  may s e r v e  as I n t e r c e l l u l a r  t r a n s p o r t  

p r o t e  I ns as we I I . Arg I nase ( L - a r g  I n I ne am I d I nohydro I a s e ,  E.C. 3 .5 .3 .1 )  

Is  a n o th e r  b i o l o g i c a l  c a t a l y s t  which has been as s ig n e d  s e v e r a l  r o l e s .  

Krebs and H e n s e le l t  (1932) o r i g i n a l l y  documented I t s  p a r t i c i p a t i o n  In 

11 v e r  ammon I a d e to x  I f  I c a t  Ion v i a  t h e  u rea  eye I e .  SI nee t h e n ,  arg  I nase  

a c t i v i t y  has been l i n k e d ,  a t  t i m e s ,  t o  t h e  s y n t h e s i s  o f  p o ly a m t n e s ,  

and/or  the  amino acids p r o l i n e  and g lu ta m ic  acid  (Yip and Knox, 1972; 

Oka and P e r r y ,  1 974;  Verma and Boutwe I I ,  1 9 8 1 ) .  Terayam a a l .  (1 982)  

have r e c e n t ly  demonstrated t h a t  th e  arg lnase In r a t  l i v e r  plasma mem

branes a r r e s t s  the  growth o f  mammalian c e l l s  In c u l t u r e .

Because arglnase partakes In such a wide range o f  pathways, Isozy -  

mlc forms o f  I t  probably e x i s t ,  each d isp lay in g  s p e c ia l i z e d  molecular  

p r o p e r t i e s  (Kaysen and S t r e c k e r ,  1973; F a r r o n ,  1973; G las s  and Knox,  

1973). A f f i n i t y  f o r  sub s t ra te  and n a t iv e  molecular  weight  a re  fea tu res  

t h a t  commonly d i s t in g u is h  these several  types o f  enzymes.

A r g ln a s e  Is  found p r i m a r i l y  In t h e  mammalian l i v e r ,  a l th o u g h  

s i g n i f i c a n t  amounts are  present  In numerous o ther  organs which lack a 

complete urea c yc le  such as k idney,  mammary gland,  t h y r o i d ,  I n t e s t i n e ,  

pancreas, submax! M a ry  gland,  ep iderm is ,  and b ra in .  This p ro te in  Is not  

c o n f i n e d  t o  mammalian s o u r c e s ,  m o re o v e r ,  b u t  has been lo c a t e d  In non-  

u r e o t e l l c  l i v e r  (Mora g ±  a l. ,  196 5b ) ,  a m m o n l o t e l t c  I I v e r  ( P e I s e r  and 

B a l l n s k y ,  19 8 2 ) ,  e a r th w o r m  g u t  (Reddy and CampbeI 1, 19 6 8 ) ,  and p l a n t  

t i s s u e  (Legaz and V icen te ,  1982) as w e l l .

S in c e  I t s  d i s c o v e r y  e i g h t y  y e a rs  ago (Kossel  and D a k ln ,  1904a and



1904b), u r e o t e l i c  a rg lnase  has been studied e x te n s iv e ly .  I t  c a ta ly z e s  

the  rea c t io n :

H2NCNHCH2CH2CH2CHC00H^=£h2NCNH2 + H2NCH2CH2CH2CHCOOH
II I n I
NH NH2 0 NH2

L - a r g ln ln e  urea L - o r n l t h l n e

A r g ln a s e  Is  v e r y  s p e c i f i c  f o r  I t s  s u b s t r a t e  because r e p l a c e m e n t  o f  

e i t h e r  t h e  f r e e  g u a n l d l n o ,  o r  t h e  f r e e  c a r b o x y l  group o f  a r g i n i n e  r e 

s u l ts  In a n o t ic e a b le  loss o f  a c t i v i t y  (Greenberg, 1960). Furthermore,  

the  length o f  the  carbon chain Is c r i t i c a l .  Decreasing I t s  s i z e  to  four  

carbon atoms (Jf-guanld lnobutyr lc  a c id ) ,  or  Increasing I t  t o  s i x  carbons 

(€ -guan!d!nocapro!c  ac id )  prevents the  production o f  urea. S u b s t i tu t io n  

of a carbon by an oxygen atom as in canavanlne (<x-amfno-Tf-guanIdfnoxy-n-  

b u t y r f c  a c i d ) ,  on t h e  o t h e r  hand, does n o t  I n h i b i t  e n z y m a t i c  a c t i o n  

e n t i r e l y .  Gross (1921) f i r s t  observed I n h i b i t i o n  o f  a rg lnase  by I t s  end-  

product o r n i t h in e .  Hunter and Downs (1945) examined arglnase I n h i b i t i o n  

by amino a c i d s ,  and found o r n i t h i n e  and l y s i n e  t o  be c o m p e t i t i v e  

I n h ib i t o r s ,  w h i le  g ly c in e ,  a la n in e ,  oc-amlnobutyr lc  a c id ,  and n o rv a l ln e  

were Increas in g ly  more e f f e c t i v e  n o n c o m p e t i t i v e  I n h i b i t o r s .  Greenberg  

(1960) suggested t h a t  c i t r a t e  b u f fe rs  could repress arg lnase a c t i v i t y  by 

c h e la t in g  the  a c t i v a t i n g  Ion requ ired  by arg lnase (see below).  Although  

A r c h i b a l d  (1945 )  noted t h e  a b i l i t y  o f  b o r a t e  s o l u t i o n s  t o  a d v e r s e l y  

In f luence  the hydro lys is  o f  a r g in in e  by arg lnase ,  and Greenberg (1960)  

assumed t h a t  t h i s  phenomenon was r e la te d  t o  the  carbohydrate component 

o f  t h e  m o l e c u l e .  I t  was o n l y  r e c e n t l y  t h a t  Pace and Landers  (1981 )  

proved t h a t  t h i s  I n h i b i t i o n  was noncompetit ive.

Mammalian arg lnase Is an o l ig o m e r ic  p ro te in  (HIrsch-Kolb and Green-



b e r g ,  1968; Sakaf and M u r a c h l ,  1969; V l e l l e - B r e l t b u r d  and O r t h ,  1972)  

which req u i res  a c t i v a t i o n  by a metal Ion fo r  complete c a t a l y t i c  a c t i v i t y  

(H Irsch-Kolb s ±  a l .»  1970 and 1971). Whi le  manganese (Mn^+ ) is the  best  

m eta l  Ion f o r  a c t i v a t i n g  a r g l n a s e ,  n i c k e l  and c o b a l t  Ions have been 

shown o c c a s io n a l ly  t o  enhance (or I n h i b i t )  arg lnase a c t io n  (Mohamed and 

Greenberg, 1945; Campbel l ,  1966; H Irsch-Ko lb  and Greenberg, 1968; HIrsch  

e t  a I . .  1970 ) .  Mohamed and G reenberg  (1945 )  proposed t h a t  a r g l n a s e  

a c t i v a t i o n  re s u l te d  from the  r e v e r s i b l e  conversion o f  an In a c t i v e  fp ro -  

arg lnase ’ p r o te in  to  an a c t i v e  arg lnase molecule according t o  the  equa

t i o n :

proarglnase + meta \ ^+   ̂ i!> arglnase -  metal

G reenberg  (1960 )  sug ges ted  t h a t  t h e  c o f a c t o r  b i n d i n g  s i t e  becomes 

access ib le  t o  the  a c t i v a t i n g  metal on ly  a f t e r  a s t r u c t u r a l  rearrangement  

o f  t h e  enzyme.  Using s t a r c h  ge l  e l e c t r o p h o r e s i s ,  Campbel l  (1966 )  

obtained evidence fo r  such a t ra ns fo rm a t ion  o f  r a t  l i v e r  a rg lnase .

Arglnase a c t i v a t i o n  occurs very s lo w ly  a t  room tem pera ture .  A rch i 

bald (1945) reported  t h a t  arglnase a c t i v i t y  could be Increased by adding 

some manganous c h l o r id e  t o  a l i v e r  mash, and then heat ing  I t .  A c t i v a t io n  

of arg lnase by Mn^+ Is t h e r e f o r e  dependent on tem pera ture ,  and Is opt imal  

a t  55°C (Schlmke, 1962). HIrsch-Kolb  e± aL. (1971) conducted a s e r ie s  of  

n u c l e a r  m a g n e t ic  re s o n a n c e  (NMR) s t u d i e s  on Mn^+ b i n d i n g  t o  r a t  I I v e r  

arg lnase ,  and determined t h a t  four moles o f  metal were bound per mole of
Ox

f u l l y  a c t i v a t e d  p r o t e i n .  Two moles o f  Mn^ were e a s i l y  removed and 

res tored  w i th o u t  an I r r e t r i e v a b l e  loss o f  arg lnase a c t i v i t y ,  but  w i t h 

drawal o f  the  second two Ions com ple te ly  In a c t iv a te d  the  enzyme. Because 

the  r e a c t i v a t i o n  by Mn^+ was discovered t o  be pH Independent,  between pH



7 -9 ,  th e  authors concluded t h a t  th e  metal did not bind t o  l igands on the  

s u r f a c e  o f  t h e  p r o t e i n ,  b u t  I n s t e a d  I t  n e s t l e d  I n t o  a p o c k e t  o f  t h e  

m o l e c u l e .  They f u r t h e r  t h e o r i z e d  t h a t  t h e  weak and t i g h t  Mn^+ b i n d i n g  

s i t e s  w ere  n o t  f i x e d ,  b u t  t h a t  a f t e r  t h e  tw o  e a s I l y  d i s s o c i a t e d  Ions  

l e f t  th e  metal -  p ro te in  complex, th e  conformat ion o f  the  enzyme changed 

t o  f a c t  I I t a t e  a more s e c u r e  b I n d I n g  o f  t h e  r e m a l n I n g  Ions .  Hence,  t h e  

ra te -1  I m l t ln g  step In Mn^+ a c t i v a t i o n  was pos tu la ted  t o  be a reve rs a l  o f  

t h i s  s t r u c t u r a l  m o d i f i c a t io n  so as t o  a l lo w  a l l  o f  the  Ions requ i red  fo r  

complete a c t i v i t y  t o  r e tu r n .  Rais ing th e  tem pera ture  would Increase the  

r a t e  o f  t h i s  r e o r g a n iz a t io n ,  and would e x p la in  the  observed tem pera ture  

dependence o f  th e  a c t i v a t i o n  process.

A study o f  r a b b i t  l i v e r  a rg lnase ( V l e l l e - B r e l t b u r d  and O rth ,  1972) 

presented a c o n t r a s t in g  sce n ar io ,  however. Here the  c a t a l y t i c  e f f i c i e n c y  

o f  the  p u r i f i e d  enzyme was on ly  m a r g in a l ly  enhanced by Incubation w ith  

Mn^+ a t  55 °C ,  I m p l y i n g  a f i r m  r e t e n t i o n  o f  t h e  m eta l  t h r o u g h o u t  t h e  

i s o l a t i o n  scheme. I n a c t i v a t i o n ,  r e s u l t in g  from c h e la t io n  o f  the  metal  

Ions, proceeded very s lo w ly ,  and was co m ple te ly  reversed by the  a d d i t io n  

of  Mn^+ t o  the  p re p a ra t io n  w i th o u t  a pre lncubat lon  per iod.  The authors  

con c lu ded  t h a t  changes In  p r o t e i n  c o n f o r m a t i o n  t h a t  o c c u r r e d  as a 

consequence o f  a c t i v a t i o n  were minimal because an t ibod ies  ra ised  t o  the  

n a t iv e  oI igomer recognized the  e t h y l e n e d l a m l n e t e t r a a c e t I c  a c i d  (EDTA)-  

In a c t lv a te d  form e q u a l l y  w e l l .  The a c t i v a t i o n  process fo r  l i v e r  a r g ln 

ase, t h e r e f o r e ,  appears t o  be dependent upon I t s  animal source.

The q u e s t i o n  o f  t h e  p o s s i b l e  c a t a l y t i c  a c t i v i t y  o f  t h e  a r g l n a s e  

monomer has been a d d re s s e d ,  and has been r e c e n t l y  r e s o l v e d .  S o ro f  and 

Kish (1969) used gel f i l t r a t i o n  t o  separate  so lub le  r a t  l i v e r  p ro te in s .



Without  a p r i o r  metal a c t i v a t i o n  o f  th e  r e s u l t in g  f r a c t i o n s ,  most of  the  

arg lnase  a c t i v i t y  e lu ted  a t  a m olecular  weight  of  120, 000; when Mn^+ was 

employed as a c t i v a t o r ,  h o w e v e r ,  a second peak o f  enzyme a c t i v i t y  ( a s 

sumed t o  be the a rg lnase  monomer) o f  a molecular  w e ight  o f  30 ,000 -40 ,000  

appeared. The authors could not e s t a b l i s h  whether t h i s  s m a l le r  species  

of  a rg lnase  bound Mn^+ , o r  whether I t  associated In the  presence o f  Mn^+ 

t o  a c a t a l y t l c a l l y  a c t i v e  o l ig o m e r ic  form.

Baranczyk-Kuzma §+ §J_. (1976) a lso  reported  th e  s ep ara t io n  o f  r a t

I I v e r  a r g l n a s e  I n t o  tw o  fo rm s  on a Sephadex G -15 0  co lum n.  Monom er ic

2+a r g l n a s e  was a c t i v e  a f t e r  Mn had been added t o  I t .  The t e t r a m e r  d id  

not need added Mn^+ f o r  I t s  fu nc t io n .  The com p le te ly  In a c t iv a te d  ( a f t e r  

EDTA t re a tm e n t )  enzyme moved more r a p i d l y  toward the  anode on p o l y a c r y l 

amide gel e le c t r o p h o r e s is  than did the  n a t iv e  p r o t e in ,  and I t  e x h ib i te d
O .

c a t a l y t i c  a c t i v i t y  o n ly  w i th  Mn present.  When th e  I n a c t iv e  subun i t  was 

renatured w i th  Mn^+ and reanalyzed by e le c t r o p h o r e s is ,  I t  migrated t o  

th e  same p o s i t io n  as the  o l Igom sr .  These r e s u l t s  In d ic a te  t h a t  the EDTA 

caused a d is s o c ia t io n  o f  th e  enzyme In to  In a c t iv e  subunits  which recom

b in ed  t o  t h e  a c t i v e ,  n a t i v e  m o le c u le  when c o f a c t o r  was added.  V I e l l e -  

B r e l t b u r d  and O r th  (1 9 7 2 )  p r o v id e d  f u r t h e r  e v id e n c e  t h a t  f o r m a t i o n  o f  

the  o l igom er  requ ired  Mn^+ . However, they  reported  the  a d d i t io n a l  f a c t

t h a t  a f t e r  d is s o c ia t io n  o f  r a b b i t  l i v e r  arglnase a t  low pH or  In SDS and

9+2-m ercaptoethano l , and r e a c t i v a t i o n  w i th  Mn^ t h e r e  ex is te d  an enzyma

t i c a l l y  a c t iv e  molecule which possessed a s m a l le r  sed im enta t ion  c o e f f i 

c i e n t  than t h a t  of the  n a t i v e  p ro te in .  The arg lnase  subun i t  was t h e r e -  

f o r e  p o s t u l a t e d  t o  be a c t i v e  upon I n c u b a t i o n  w i t h  I t s  c o f a c t o r ,  Mn^ . 

Agu I r r e  and Kasche (1 9 8 3 )  ImmobI I I zed r a t  I I v e r  a r g I n a s e  monomers by



c o u p l i n g  them t o  Sepharose  beads ,  and d e t e r m in e d  t h e i r  r e a c t i v a t i o n  

p r o p e r t i e s .  The monomer was a g a in  seen t o  c a t a l y z e  t h e  h y d r o l y s i s  o f  

a r g i n i n e  a f t e r  r e n a t u r a t l o n  w i t h  Mn^+ . j h e  t e r t i a r y  s t r u c t u r e  o f  a 

s i n g l e  s u b u n i t  was con c lu ded  t o  be s u f f i c i e n t  f o r  t h e  e x p r e s s i o n  o f  

enzymatic  a c t i v i t y  In o l ig o m e r ic  enzymes, such as r a t  I f v e r  arg lnase ,  

which appear t o  be composed o f  Id e n t ic a l  monomers. The quaternary  organ

i z a t i o n  o f  a r g l n a s e  was suggested  t o  p a r t i c i p a t e  In t h e  r e g u l a t i o n  o f

2+I t s  a c t i v i t y ,  and t o  p r o v i d e  a f a v o r a b l e  c o n f o r m a t i o n  f o r  s t a b l e  Mn 

b I nd I ng. Carava  Ja I g t  aj_. (1977  and 1978)  r e p o r t e d  s I m I I a r  resu  I t s  f o r  

human l i v e r  arg lnase .

Campbell (1966) remarked on the  apparent d i f f e r e n c e s  In p r o p e r t ie s  

( I . e .  s t a b i l i t y ,  s p e c i f i c  a c t i v i t y ,  and e l e c t r o p h o r e t i c  m o b i l i t y )  b e t 

ween var ious  types o f  l i v e r  arg lnase ,  and pos tu la ted  t h a t  an Incomplete  

s a t u r a t i o n  o f  t h e  enzyme w i t h  Mn^+ m ig h t  produce  s e v e r a l  ’ a r g l n a s e s 1, 

d i s p l a y i n g  d i s t i n c t i v e  q u a l i t i e s ,  w h i l e  t h e y  w e r e  In  r e a l i t y  

d i s t i n g u i s h a b l e  o n ly  by an abnormal  m e ta l  c o n t e n t .  B o u t in  (1982 )  des 

c r i b e d  such a phenomenon as I t  a f f e c t e d  t h e  c h a r a c t e r i z a t i o n  o f  t h e  

arg lnase  p ro te in  Is o la te d  from I r i s  bulbs. The p u r i f i e d  prepa ra t ion  was 

s e p a r a t e d  by e l e c t r o p h o r e s i s  on a p o l y a c r y l a m i d e  g r a d i e n t  g e l ,  and 

s e c t i o n s  o f  t h e  ge l  were  t e s t e d  t h e r e a f t e r  f o r  h y d r o l y t i c  e f f i c i e n c y .  

When assayed w i th o u t  Mn^+ , o n ly  a s in g le  band of  p ro te in  (corresponding  

t o  th e  n a t i v e  enzyme) e x h ib i te d  arg lnase  a c t i v i t y ;  severa l  bands were 

a c t i v e  I f  c o fa c to r  a c t i v a t i o n  was f i r s t  employed. Boutin (1982) proposed 

t h a t  o l ig o m e r ic  a rg lnase  was disassembled during e le c t ro p h o re s is  when I t  

l o s t  Mn^+ In t h e  e l e c t r i c  f i e l d .  I n c u b a t i o n  o f  t h e  sam ple  a t  t h e
O i

conclusion o f  the  e le c t r o p h o r e t i c  run w i th  Mn al lowed the d issoc ia ted



subunits  t o  rega in  c a t a l y t i c  a c t i v i t y  by rega in ing  t h e i r  missing metal.

These t y p e  o f  r e s u l t s  e m p h a s iz e  t h e  need f o r  s a f e g u a r d s  d u r in g  

p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  of  the  enzyme(s) ag a in s t  the  p o te n t ia l  

product ion o f  a r t  I f a c tu a l  molecules.  Previous re p o r ts  o f  the  arglnase  

enzymes f rom  p ig  l i v e r ,  r a b b i t  l i v e r ,  and human l i v e r  have suggested  

t h a t  the m u l t i p l i c i t y  o f  arg lnase-1  Ike p ro te ins  observed during t h e i r  

I s o l a t i o n  c o u ld  a r i s e  f ro m  a g g r e g a t i o n  o f  t h e  n a t i v e  m o le c u le  which  

would a f f e c t  I t s  hydrodynamic p ro p e r t ie s  (Sakai and Murachl ,  1969),  or  

f rom  o x i d a t i o n  o f  t h e  normal  s u b u n i t s  which would a l t e r  t h e i r  c h a rg e  

c h a r a c t e r i s t i c s  (Saka i  and M u r a c h l ,  1969; V I e I  I e - B r e I t b u r d  and O r t h ,  

1972; Beruter  g±  a l 1978). Rat l i v e r  arglnase Is an e x c e l l e n t  example  

o f  a macromolecule which, because o f  seemingly minor m o d i f ic a t io n s  In 

the  methods u t i l i z e d  t o  p u r i f y  I t ,  presents i t s e l f  e i t h e r  as one p ro te in  

(S c h lm k e ,  1964; H l r s c h - K o l b  and G re e n b e rg ,  1968;  H f r s c h - K o lb  e t  al  

1970; H e r z f e l d  and R a per ,  1976; P e l s e r  and BaI In s k y ,  1 9 8 2 ) ,  o r  tw o  

(G a s lo ro w s k a  s ±  1970;  Porembska a l . ,  1971;  Porembska,  1973;

Kaysen and S t re c k e r ,  1973; Cheung and Raljman, 1981) .

Hlrsch-Kolb  g±  aL. (1970) compared the  physico-chemical  p ro p e r t ie s  

o f  l i v e r  a r g l n a s e  p r o t e i n s  f rom  s e v e r a l  u r e o t e l l c  s p e c i e s .  Mn^+ was 

u n i v e r s a l l y  e s s e n t ia l  f o r  complete c a t a l y t i c  a c t i v i t y ,  w h i le  the molecu-  

I a r  w e I g h t s ,  M Ic h a e I  I s - M e n t o n  c o n s t a n t s ,  and pH o p t i m a  o f  a l  I o f  t h e  

p ro te in s  t h a t  were s tud ied  were a lso  s i m i l a r .  Never the less ,  these a r g l n -  

ases were  d i v i d e d  i n t o  two groups on t h e  b a s is  o f  t h e i r  v a r i a b l e  

a v i d i t i e s  f o r  Mn^+ , and t h e i r  d i s c r e t e  c h a rg e  c h a r a c t e r i s t i c s .  Thus,  

d I a I ys I s f o r  one day eas I I y removed a s u b s t a n t i a l  p o r t  I on o f  t h e  Mn^+ 

bound to  beef ,  monkey, and r a b b i t  arglnases.  Prolonged d i a l y s i s  produced



a permanent In a c t i v a t i o n  o f  these p ro te in s .  Mouse and r a t  a rg lnases ,  In 

c o n t r a s t ,  l o s t  Mn^+ much less  e a s i l y ,  and t h e  r e s u l t i n g  d e c re a s e  In 

enzyme a c t i v i t y  co u ld  be r e s t o r e d  a l m o s t  e n t i r e l y  by I n c u b a t i o n  w i t h  

Mn^+. Basic arglnases bound t o  C M -ce l lu lo se  a t  pH 7.5,  w h i le  neu tra l  or  

s l i g h t l y  a c i d i c  p r o t e i n s  would n o t .  The l a t t e r  enzymes ( f r o m  b e e f ,  

r a b b i t ,  and monkey l i v e r )  were found t o  be less s t a b l e  dur ing p u r i f i c a 

t i o n  and a n a l y s i s  by I s o e l e c t r i c  f o c u s i n g .  T h is  I n s t a b i l i t y  was 

a t t r i b u t e d  t o  t h e  l o o s e r  a s s o c i a t i o n  betw een  Mn^+ and p r o t e i n  In t h e  

n a t iv e  enzyme-metal complex.

The behavior of  arglnases on the  anion exchanger DEAE-cellu lose has 

a l s o  been I n v e s t i g a t e d  (Porembska s ±  a l . ,  1971) .  Two Isozymes were  

resolved from l i v e r  and kidney t is s u e s  from several  species on ly  I f  the  

pH was mainta ined a t  8.3. At o th e r  pH values ,  no arg lnase a c t i v i t y  would 

bind, and Instead,  the  Isozymes would c o - e l u t e  In the  void volume peak.  

The p r o p o r t i o n  o f  t h e  a c t i v i t y  In th e s e  tw o  forms v a r i e d  between spe

c i e s .  Most  o f  t h e  a r g l n a s e  a c t i v i t y  In t h e  l i v e r s  o f  man, c a t ,  dog,  

r a b b i t ,  and r a t  d id  n o t  a d h ere  t o  t h e  column ( Iso en z ym e  A^) ,  whl le  a 

la rge amount o f  p ig ,  c a l f ,  horse, and ox arg lnase a c t i v i t y  was re ta in ed  

(Isoenzyme A3).  The two arg lnase Isozymes from each animal In t h i s  study  

probably were not p roduced  a r t  I f a c t u a l l y  s ince  no In te rconvers ion  o f  the  

tw o  fo rm s was o b s e r v e d ,  t h a t  Is when one o f  them (A<|) was r e c h r o m a t o 

g ra p h e d ,  a s i n g l e  peak o f  enzyme was e l u t e d  f rom  t h e  column a t  I t s  

o r i g i n a l  p o s i t i o n .

The I n t e r a c t i o n  o f  a p r o t e i n  w i t h  an Io n -e x c h a n g e  column Is  a 

r e f l e c t i o n  of  I t s  molecular  charge. The charge o f  an enzyme a lso  I n f l u 

ences I t s  m o b i l i t y  during d isc gel e le c t ro p h o re s is .  Basic arglnases from



r a t  (Schlmke, 1964; H lrsch-Kolb  and Greenberg, 1968) and mouse (S tew a r t  

and Caron ,  1977) l i v e r  have been shown t o  move to w a r d  t h e  c a th o d e .  

N e u t r a l  enzymes f rom  p ig  (Saka i  and M u r a c h i ,  19 6 9 ) ,  r a b b i t  ( V l e l l e -  

B r e l t b u r d  and O r t h ,  1 9 7 2 ) ,  b e e f  (H a r e I  I and S o k o lo v s k y ,  19 7 2 ) ,  and 

monkey ( T e r a s a k f  £ ±  a I . .  1980)  were shown t o  m i g r a t e  t o  t h e  anode.  

Determ ina t ion  of  the  I s o e l e c t r i c  p o in t  (p i )  o f  severa l  mammalian a r g l n 

ases confi rmed t h e i r  d i v i s io n  In to  two d is c r e t e  c lasses o f  p r o te in .  The 

p i  o f  t h e  b a s ic  r a t  and dog a r g l n a s e  enzymes Is  9 .4 .  N e u t r a l  ( a c i d i c )  

arglnase p ro te ins  have a p i  ranging from pH 5.9 (beef)  to  pH 7.5 (monkey).

S e p a r a t i o n  o f  a r g l n a s e s  I n t o  tw o  c l a s s e s  on t h e  b a s is  o f  t h e i r  

a n t i g e n i c  p r o p e r t i e s  Is  n o t  as e a s i l y  accomplished. Sheep a n t l - r a b b l t  

arg lnase an t ibod ies  p a r t i a l l y  c r o s s - r e a c t  w i th  the  r a t  enzyme (V I e I l e -  

B r e l t b u r d  and O r t h ,  1 9 7 2 ) ,  w h i l e  r a b b i t  a n t i - r a t  a r g l n a s e  a n t i s e r u m  

reac ts  w i th  the  arg lnase  p ro te in  from man, dog, monkey, cow, c a t ,  p ig ,  

and ox (Mora § ±  a l . ,  1965b), and r a b b i t  antl -human arglnase an t ibod ies  

p r e c i p I t a t e  monkey a r g I n a s e  ( T e r a s a k I  a l . ,  1980) .  A l t e r a t i o n s  In 

the  p r im o rd ia l  p ro te in  which have modif ied the  charge c h a r a c t e r i s t i c s  of  

I t s  descendants have t h e r e f o r e  not a f fe c te d  i t s  a n t ig e n ic  determinants  

as s i g n i f i c a n t l y .  This observat ion  o f  the  c r o s s - r e a c t I v l t y  o f  arglnases  

between species Is comparable to  s tud ies  o f  the a n t i g e n i c i t y  o f  myoglo

b in ,  a p ro te in  In which a l l  o f  the a n t ig e n ic  determinants  are known to  

r e s id e  In a continuous,  conformatIona 11y d i s t i n c t ,  p o r t io n  o f  I t s  su r 

face. The an t ibod ies  t o  sperm-whale myoglobin produced In s ix  d i f f e r e n t  

animals w i l l  recognize  only  these s i t e s ,  and w i l l  c r o s s - r e a c t  and a u to -  

r e a c t  e q u a l ly  wel l  w i th  myoglobins from many sources (Twining a ±  a I ..

1980) .



S u b c e l l u l a r  f r a c t i o n a t i o n  by c e n t r i f u g a t i o n  In s u c ro s e  s o l u t i o n s  

d e m o n s t r a t e s  t h a t  a r g l n a s e  a c t i v i t y  Is  d i s t r i b u t e d  be tw een  nuc leu s  

( 4 0 $ ) ,  c y t o s o l  ( 4 - 7 $ ) ,  m lcrosomes ( 2 8 - 3 7 $ ) ,  and m i t o c h o n d r i a  ( 1 9 - 2 4 $ )  

(Mora  a ±  a l . ,  1965a;  Gas lo ro w s k a  s ±  a l . ,  1970) .  Repeated  washing  w i t h  

s a l t  has been shown t o  r e le a s e  70$ o f  the  a c t i v i t y  o r i g i n a l l y  associated  

w ith  mlcrosomes (Mora a t  a l . .  1965a), and 90$ o f  the  I n i t i a l  mitochon

d r i a l  a c t i v i t y  (Cheung and R a l j m a n ,  1981 ) .  T h is  would e x p l a i n  t h e  r e 

p o r t s  (R o s e n th a l  a t  a l . ,  1956; Sch lm ke ,  1962; Porembska a t  a l . *  1971)  

t h a t  most o f  the  arg lnase  o f  r a t  l i v e r  t i s s u e  Is s o lu b le  upon homogeni

z a t io n  In e l e c t r o l y t i c  b u f f e r .  Crude mitochondria l  and microsomal a r g ln 

ase p repara t ions  ( p r io r  t o  s a l t  t re a tm e n t )  are d is t in g u is h a b le  by t h e i r  

d i f f e r e n t i a l  a c t i v a t i o n  by Mn^+: the  former f r a c t i o n  Is unaf fec ted  by 

pre lncubat lon  w i th  c o f a c t o r ,  w h i l e  the  a c t i v i t y  o f  the  l a t t e r  prepara

t i o n  In c r e a s e s  60$ (Cheung and R a l j m a n ,  1981) .  Both enzymes a r e  more 

a c t i v e  a t  pH 9.5 th a n  a t  pH 7 .4 .  The a r g l n a s e  p r o t e i n s  w hich  re m a in  

f i r m l y  bound to  o r g a n e l le s  even a f t e r  several  s a l t  r in ses  a re  considered  

to  perform a necessary c e l l u l a r  funct ion  e i t h e r  In the  e x c re t io n  o f  urea  

(microsomal a rg ln a s e ) ,  o r  In the  t ra n s p o r t  o f  o r n i t h i n e  In to  mitochon

d r i a  (m itochondr ia l  a rg lnase ) .

R e l a t i v e l y  l i t t l e  Is  known abo ut  a r g l n a s e  p r o t e i n s  In o t h e r  than  

l i v e r  t i s s u e ,  and the  d e t a i l e d  s tud ies  t h a t  do e x i s t  have d w e l t  a lmost  

e x c lu s iv e ly  on r a t  and mouse organs. There Is much more arglnase a c t i v 

i t y  In l i v e r  t i s s u e  as compared to  o th e r  t iss u es .  For example, r a t  bra in  

(G a s lo ro w s k a  a ±  a l . ,  1970; H e r z f e l d  and R a p er ,  1 9 7 6 ) ,  mouse b r a i n  

(S tew a r t  and Caron, 1977),  and r a t  th y ro id  (MatsuzakI e±  a l . ,  1981) have 

one thousand t im es  less arg lnase a c t i v i t y  than the  l i v e r ,  whereas l a c -



f a t i n g  r a t  mammary g la n d  (Y ip  and Knox, 1972)  has o n e - f o u r t h  o f  t h e  

l i v e r  a c t i v i t y .  Arglnase enzymes from o th er  organs share some general  

m olecular  p ro p e r t ie s  w i th  the  l i v e r  p r o te in .  For example, k idney,  b r a in ,  

and s u b m a x l l l a r y  g la n d  a r g l n a s e s  have been shown t o  be o f  t h e  same 

m o l e c u l a r  w e i g h t  as t h e  l i v e r  enzyme (G a s lo ro w s k a  g ±  a l . ,  197 0 ) .  Ra t  

mammary gland (Glass and Knox, 1973) and r a t  th y ro id  (MatsuzakI e ±  a l . r

1981) arglnases r e q u i r e  heat a c t i v a t i o n  w i th  Mn^+, w h i l e ,  on the  o ther  

hand, t h i s  procedure Is not e s s e n t ia l  f o r  r a t  kidney arg lnase a c t i v i t y  

(Kaysen and S t r e c k e r ,  1973) .  The a c t i v i t y  o f  p a r t i c u l a t e ,  b u t  n o t  

s o lu b le ,  mouse epidermal a rg lnase r i s e s  by 50$ fo l lo w in g  Incubation w i th  

Mn^+ a t  55°C (Verma and Boutwel I ,  1981).

The f u n d a m e n t a l l y  d i f f e r e n t  n a t u r e  o f  t h e  l i v e r  p r o t e i n s  becomes  

a p p a r e n t  when t h e  a n a l y s i s  Is  on a more s o p h i s t i c a t e d  b a s i s .  The tw o  

kidney arg lnase Isozymes In man, c a t ,  r a t ,  r a b b i t ,  horse, ox, c a l f ,  and 

p ig  can be s e p a r a t e d  f rom  t h e  c o m p a r a b Ie  I I v e r  p r o t e I n s  by c h r o m a t o 

g raph y  on DEAE-cel l u l o s e  a t  pH 8 .3  (Porembska £ ±  a I . r 1971) .  M ost  ( 88 -  

97$) of  the  kidney arg lnase  a c t i v i t y  ( In  c o n t r a s t  t o  the  l i v e r  a c t i v i t y )  

was r e t a i n e d  on t h e  c o lu m n ,  and was r e p o r t e d  t o  a d h ere  s t r o n g l y  t o  

s u b c e l l u l a r  f r a c t i o n s  as w e l l .  The ( m in o r  A3 ) l i v e r  and ( m a j o r  A4 ) 

k id n e y  Isozymes which bound t o  t h e  a n io n  exc h an g e r  were  d i f f e r e n t  

pro te in s  because they were e lu ted  by d i f f e r e n t  con d i t io ns  o f  s a l t .

Arglnase from four r a t  t is s u e s  ( l i v e r ,  k idney,  s u b m a x l l la ry  gland,  

and b r a in ) ,  when f r a c t io n a te d  on DEAE-ce lIu lose,  always presented i t s e l f  

as tw o  peaks o f  a c t i v i t y  (Gas Io ro w s k a  aJ_., 1970) .  Peak I I  ( r e t a r d e d  

by t h e  D E A E - c e l l u l o s e )  l o s t  much o f  I t s  a c t i v i t y  d u r i n g  s t o r a g e  f o r  

s e v e r a l  days a t  - 1 0 ° C ,  whereas t h e  a c t i v i t y  In t h e  v o id  vo lume peak



(peak I )  was q u i t e  s t a b l e  t o  t h i s  t r e a t m e n t .  The Km v a l u e  d e t e r m in e d  

fo r  a l l  o f  these crude p repara t ions  was the  same. The e l e c t r o p h o r e t i c  

m o b i l i t i e s  and a n t ig e n ic  p ro p e r t ie s  o f  arglnase p ro te in s  from r a t  l i v e r  

and s u b m a x l l la ry  gland were a l i k e ,  and d is t ingu ish ed  these enzymes from 

th e  a r g l n a s e s  In r a t  k i d n e y ,  I n t e s t i n e ,  p a n c r e a s ,  and mammary g lan d  

(Kaysen and S t r e c k e r ,  1973; G lass  and Knox, 1973; ReddI s ±  a l * #  1975;  

H e rz fe ld  and Raper,  1976).

Data such as the  above have provided a m olecular  foundation f o r  the  

h y p o t h e s i s  t h a t  t h e  a r g l n a s e  a c t i v i t y  In o rgans w i t h o u t  a t r u e  u rea  

c y c le  Is furnished by Isozymes o f  arg lnase which are l i k e l y  t o  p a r t i c i 

p a t e  In a m e t a b o l i c  p a th w ay  o t h e r  than  ammonia d e t o x i f i c a t i o n .  The 

proba b l  I i t y  o f  a second r o l e  f o r  a r g l n a s e  Is  w e l I  I I l u s t r a t e d  by I t s  

p re s e n c e  in t h e  b r a i n ,  a t i s s u e  where ammonia Is  removed l a r g e l y  as 

g l u t a m i n e  (B e r l  a ±  a l .»  1962) .  Sporn s ±  a l .  ( 1959 )  I n i t i a l l y  o f f e r e d  

evidence o f  arg lnase ac t io n  In t h i s  organ by observing the  synthesis  of  

urea from r a d io a c t iv e  a r g in in e  In je c te d  In to  l i v i n g  r a t  b ra ins .  Ratner  

e t  a l .  (1960) te s te d  homogenates d i r e c t l y ,  and confirmed the  ex is ten ce  

o f  a rg lnase p ro te in  In th e  bra ins  o f  r a t ,  s t e e r ,  monkey, man, and guinea  

pig.  The a c t i v i t y  o f  the  enzyme var ied  among the animals  examined: the

s p e c i f i c  a c t i v i t y  o f  t h e  r a t  p r e p a r a t i o n  was f i v e  t i m e s  g r e a t e r  than

2+t h a t  o f  the  s t e e r .  Homogenates assayed w i th o u t  exogenously added Mn 

expressed 5% o f  the  f u l l  a c t i v i t y  determined a f t e r  p re incubat ion  w ith  

t h i s  meta l .  Rat bra in  arg lnase was ten t im es less a c t i v e  a t  pH 7.5 than  

a t  pH 9.5 .

Arglnase a c t i v i t y  Is not d is t r i b u t e d  u n i fo rm ly  throughout r a t  bra in:  

c e r e b e l  lum has t w i c e  t h e  a c t i v i t y  o f  c e r e b r a l  c o r t e x  (Sadas lvudu  and



Rao, 1976). I t s  assignment In cerebel lum may be t o  fu rn is h  o r n i t h i n e  as 

t h e  p r e c u r s o r  t o  g l u t a m i c  a c i d  which Is  needed f o r  c o n t r o l  led b r a i n  

fu n c t io n .

D i f f e r e n t i a l  c e n t r i f u g a t i o n  In sucrose showed t h a t  most o f  th e  ox 

(G a s lo ro w s k a  e t  a_L.p 1969)  and r a t  (G a s lo ro w s k a  e ±  a l . ,  1970)  b r a i n  

arg lnase  a c t i v i t y  Is associa ted  w ith  mitochondria .  DEAE-celIu lose chrom

atography a t  pH 8.3 p e rm i t ted  the  separa t ion  o f  the  two forms o f  a r g l n 

ase In these bra ins .  Those Isozymes t h a t  bound t o  the  DEAE-celIu lose did  

so more f i r m l y  than th e  corresponding r a t  l i v e r  p r o t e in ,  and t h e r e f o r e  

were probably d i f f e r e n t  from I t .  The two s e m l - p u r l f l e d  ox bra in  a r g ln 

ases had the  same Km va lue ,  but  d i f f e r e n t  s t a b i l i t i e s  ( the void volume 

peak which represented 3 05? o f  the  recovered a c t i v i t y  was In a c t iv a te d  by 

heat  much f a s t e r  than the  o t h e r ,  r e t a in e d ,  Isozyme).  S te w a r t  and Caron 

(1977) reported  t h a t  mouse bra in  conta ins  two arglnases which are very  

s t a b l e  t o  heat  t r e a tm e n t ,  and have s i m i l a r  M Ichae l Is -M enton  constants  

fo r  a rg in in e .  These enzymes are  u n l ik e  the  s in g le  mouse l i v e r  a rg lnase  

p r o t e i n .

Arglnase enzymes from bra in  t i s s u e  have not ,  as ye t ,  been co m ple te ly  

p u r i f i e d  and c h a ra c te r iz e d .  The In v e s t ig a t io n  d e t a i le d  here in  was under

ta k e n  t o  a c c o m p l is h  t h i s  f o r  t h e  a r g l n a s e s  In b o v in e  b r a i n ,  and t o  

compare some o f  t h e i r  molecular  p r o p e r t ie s  w i th  those o f  bovine l i v e r  

p r o t e i n s  I s o l a t e d  c o n c u r r e n t l y .  P r e l i m i n a r y  e v id e n c e  I n d i c a t e s  t h a t  

bovine bra in  and 11ver a rg lnases a r e  d i f f e r e n t  m o le c u le s  ( S t e w a r t  and 

Caron,  1977) .  A homogeneous b o v in e  l i v e r  a r g l n a s e  has been a n a ly z e d  

( H a r e l l  and S o k o lo v s k y ,  1972; Kuchel e t  a l . ,  1975) .  T h is  p r o t e i n  Is  

s i m i l a r  t o  the  wel l  studied  r a t  enzyme (Schlmke, 1964; Hlrsch-Kolb  and



Greenberg, 1968) In molecular  weight ,  Svedberg constant ,  p a r t i a l  spec

i f i c  volume, Mn^+ composit ion when f u l l y  a c t i v a t e d ,  and hexose con ten t .  

I t  d i f f e r s  from the  r a t  l i v e r  arglnase In e le c t r o p h o r e t i c  m o b i l i t y  on 

po lyacry lam ide  g e ls ,  I s o e l e c t r i c  p o in t ,  s p e c i f i c  a c t i v i t y ,  and s t a b i l i t y  

a f t e r  p r o lo n g e d  d i a l y s i s .

The l a t t e r  stages o f  the  p u r i f i c a t i o n  protocol used by Hare I I and 

Sokolovsky (1972) could not be reproduced s a t i s f a c t o r i l y  In the  c u r r e n t  

s t u d y ,  and In s t e a d  a n o t h e r  p u r i f i c a t i o n  method was d ev e lo ped  which  

y i e l d e d  tw o  d i f f e r e n t  homogeneous l i v e r  Isozymes and f o u r  d i s t i n c t  

bra in  arglnases.  These enzymes were named on the  basis o f  t h e i r  behavior  

d u r in g  t h e  I s o l a t i o n  scheme: (L) denoted  a l i v e r  a r g l n a s e  and (B) a 

b r a i n  a r g l n a s e ;  1 o r  2 d e s i g n a t e d  n o n a d h e r e n c e  o r  a d h e r e n c e ,  

r e s p e c t iv e ly ,  t o  a DEAE-ce lIu lose column; A or B described th e  order  o f  

e l u t io n  from a column of  Octyl Sepharose. Thus, f o r  example, B1A was the  

b r a i n  Isozyme which came th ro u g h  In t h e  v o id  vo lume peak o f  a DEAE- 

ce l  l u l o s e  column and e l u t e d  f i r s t  f rom an O c ty l  Sepharose co lum n.  

Several physico-chemical  p r o p e r t i e s  o f  t h e s e  b o v in e  a r g l n a s e  p r o t e i n s  

were d e t e r m i n e d ,  I n c l u d i n g  n a t i v e  m o l e c u l a r  w e i g h t ,  s u b u n i t  s i z e ,  

a f f i n i t y  fo r  Mn^+, e l e c t r o p h o r e t i c  m o b i l i t y ,  and pH optimum. The l i v e r  

p ro te in  LIB, which corresponded to  the  arglnase described by H a re l I  and 

Soko lovsky  ( 1 9 7 2 ) ,  was used t o  produce a n t i b o d i e s  In r a b b i t s ,  and 

Immunological s i m i l a r i t i e s  between the  p u r i f i e d  l i v e r  and bra in  arglnase  

Isozymes were asc er ta ine d .  The f i n a l  step  In the  study consis ted o f  the  

I s o la t io n  of  th e  l i v e r  a rg lnase messenger RNA from polysomes by Immuno

logica l  t e c h n iq u e s .



CHAPTER I I

MATERIALS AND METHODS 

Mater I a Is

Bovine l i v e r s  were obtained from the  J.T. Trelagan Co., Cambridge,  

Massachusetts. The f resh  t is s u e  was frozen and stored a t  -20°C.

M a tu r e  b o v in e  b r a i n s  were  o b t a i n e d  f rom  P e l - F r e e z  B l o l o g l c a l s ,  

Rogers, Arkansas and stored a t  -20 °C .

New Z ea lan d  W h i te  r a b b i t s  were  purchased f rom  Locke Hi I I Farm s,  

B arr ing ton ,  New Hampshire.  Food (Agway, Inc.) and water  were provided  

M  I i b l t u m .

Al I c h e m i c a l s  w ere  r e a g e n t  g ra d e  o r  t h e  b e s t  g ra d e  c o m m e r c ia l  ly  

a v a i l a b l e .  A l l  b u f f e r s  were  p r e p a re d  w i t h  w a t e r  p u r i f i e d  by r e v e r s e  

o s m o s is ,  d e i o n i z a t i o n  and f i l t e r  s t e r i l i z a t i o n  ( M I N I  Q, M I M I p o r e  

C orp . ,  Bedford, Massachusetts) .

Arg lnase Assay.

The method o f  Ruegg and Russel I ( 1980 )  was employed t o  assay f o r  

arglnase a c t i v i t y .  Dowex 50W-X8 (200-400 mesh, H+ form) was purchased 

from Bio-Rad L ab o ra to r les ,  Richmond, C a l i f o r n i a .  I t  was washed w i th  1 M 

HCI (5 x wet  w e i g h t  o f  r e s i n ) ,  f i l t e r e d  th ro u g h  a Buchner fu n n e l  t o  

remove the ac id ,  and then washed e x t e n s iv e ly  w i th  water .  The r e s in  was 

s t o r e d  as a 1:1 ( w / v )  sus pens ion  in w a t e r .  S u b s t r a t e ,  L - (g u an  I d o - ^ C )  

a r g in in e  was obtained from New England Nuclear ,  Boston, Massachusetts,
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and s t o r e d  a t  - 2 0 ° C .  I t  was p u r i f i e d  by p l a c i n g  a 10 pCI a I I q u o t  on a

1.0 ml column o f  Dowex (see above),  fo l low ed  by 6 ml o f  w a te r ,  and then  

6 ml o f  2 M HCI.  The ( ^ C )  a r g i n i n e  was e l u t e d  w i t h  12 ml o f  6 M HCI,  

th en  d r i e d  on a r o t a r y  e v a p o r a t o r ,  and t h e  r e s i d u e  d i s s o l v e d  In 1 M 

a r g i n i n e  (B ake r )  (w h ic h  had been a d j u s t e d  t o  pH 9.7  w i t h  6 M HCI) such 

t h a t  25 pi o f  t h i s  s o lu t io n  conta ined approx im ate ly  40,000 dpm. B u f fe r  I 

was composed o f  750 mM g l y c i n e ,  0 .02# thym ol  b l u e ,  a d j u s t e d  t o  pH 9.7  

w ith  4 M NaOH. B u f fe r  2 consis ted o f  250 mM a c e t i c  a c id ,  7 M urea, 10 mM 

a r g i n i n e ,  0 .001# m ethy l  red a d j u s t e d  t o  pH 4.5  w i t h  4 M NaOH. The  

s o lu t io n  used t o  d i l u t e  the  enzyme t o  an a p p ro p r ia te  concen tra t ion  was 

10 mM T r ls -H C I ,  10 mM M nC ^,  2 mg/ml BSA, pH 7.4.

Each re a c t io n  m ix tu re  conta ined the  fo l lo w in g  components In a f i n a l  

volume o f  200 p i :  25 pi b u f f e r  1; 25 pi ( ^ C )  a r g i n i n e  (see  above) ;

150 pi w a t e r .  L i v e r  a n d / o r  b r a i n  p r e p a r a t i o n s  o r  d l l u t l o n s  t h e r e o f  

were a c t i v a t e d  a t  55°C f o r  t e n  m ln .  A f t e r  a t e n  mln p r e I n c u b a t I o n  o f  

the  r e a c t i o n  m i x t u r e  a t  37 °C ,  50 pi o f  t h e  a c t i v a t e d  enzyme s o l u t i o n  

was added t o  I t .  C o n t r o l  v a lu e s  were  o b t a i n e d  by us ing  50 pi o f  t h e  

enzyme d i l u t i o n  b u f f e r  In p lace o f  the  p r o te in .  The I n i t i a l  concentra

t io n s  the  components were: 100 mM a r g in in e ;  40,000 dpm ( ^ C )  a rg in in e ;  

75 mM g ly c in e ;  2 mM MnC^;  0.002# thymol b lue ,  pH 9.7.

The re a c t io n  was a l lowed t o  proceed f o r  30 mln a t  37°C In a shaking 

w a t e r  b a t h ,  and i t  was t e r m i n a t e d  by t h e  a d d i t i o n  o f  0 .75 ml o f  b u f f e r  

2. A 0.4 ml por t io n  o f  the  Dowex res in  suspension (see above), which was 

r a p i d l y  s t i r r e d  d u r i n g  p i p e t t i n g ,  was added t o  each t u b e .  The capped 

tubes were mixed on a Vortex-Genle  mixer  and c e n t r i fu g e d  a t  1600 rpm fo r  

1 mln. An a l i q u o t  (0.7 ml) o f  the  res in  supernatant  was placed In a



TM
s c i n t i l l a t i o n  v i a l  co n ta in in g  10 ml o f  e i t h e r  S c ln t l - V e r s e  I I  (F isher )  

o r  S c ln t  A™ (Packard) s c i n t i l l a t i o n  c o c k t a i l .  R a d i o a c t i v i t y  was d e t e r 

mined In a N u c le a r  C h ica go  Mark I I I I q u ld  s c l n t l  I l a t l o n  c o u n t e r ,  and,  

using the  ex te rna l  standard method, the  cpm values were converted t o  dpm 

va lues .

U n i t s  o f  a r g l n a s e  (a u n i t  Is  d e f i n e d  as t h e  amount o f  enzyme t h a t

produces 1 nmole urea/mfn a t  37°C) were obta ined from th e  equat ion:

_ 2 ( b - c ) ________
a x t

where m = 25 nmole o f  a r g in in e

a = t o t a l  dpm o f  ( ^ C )  a r g in in e  In each assay mix 

b = dpm In 0 .7  ml o f  r e s in  supernatant  o f  t e s t  sample

c = dpm In 0 . 7  ml o f  r e s in  supernatant  o f  con tro l

t  = t ime o f  Incubat ion (mln)

P r o t e i n  c o n c e n t r a t i o n  was measured by t h e  method o f  Warburg and 

C h r is t ia n  (1942) or  Bradford ( 1 9 7 6 ) .

Purification o f  LLvsn and. gra.fn. AcgJnasas.

A l l  p u r i f i c a t i o n  p r o c e d u re s  w ere  c a r r i e d  o u t  a t  4°C u n le s s  

o t h e r w i s e  n o te d .  A p r o t e i n  d e t e r m i n a t i o n  and an a r g l n a s e  assay  were  

p e r fo r m e d  a t  each s t a g e  o f  t h e  p r o t o c o l  w i t h  t h e  e x c e p t i o n  o f  t h e  

ammonium s u l f a t e  and a c e to n e  p r e c i p i t a t i o n  s t e p s .  The p u r i f i c a t i o n  

procedure Is diagrammed In F ig .  1. The e a r l y  stages o f  th e  I s o l a t i o n  of  

arglnase from l i v e r  t i s s u e  (steps 1-4) were pat te rned  a f t e r  the  method 

o f  Hare 11 and Sokolovsky ( 1 9 7 2 ) .



F ig .  1. Scheme f o r  p u r i f i c a t i o n  o f  bovine l i v e r  

and b ra in  arglnases
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S-tep. 1*. Ex.tract.lpn, Pi .S.t.act.1 ng, Material ,

Port ions o f  bovine l i v e r  or b ra in  were p a r t i a l l y  thawed, cu t  In to  

s m a l l  p i e c e s ,  and homogenized w i t h  a P o l y t r o n  hom ogen lze r  (Br inkm an  

I n s t r u m e n t s ,  W es tb u ry ,  New Y o rk )  In 0.01 M T r l s - H C I  + 0.1 M KC I ,  pH 7.5  

c o n t a i n i n g  0.05 M M nCI2 (3 m l / g  w e t  w e i g h t ) .  The homogenate was 

c e n t r i f u g e d  a t  1 3 ,2 0 0  x g f o r  15 mln In a S o r v a l l  RC2-B c e n t r i f u g e .  

L ip id  m a te r ia l  was removed from the  supernatant  by f i l t r a t i o n  through  

glass wool,  and the pH o f  the s o lu t io n  ad justed to  7 .5  with  1 M NaOH.

Step K m. AmmonJ um Su l f a t e  Prec I p I t a t  1 on-Bra I n QnJ7-

The b r a i n  e x t r a c t  was made 45% s a t u r a t e d  In ammonium s u l f a t e  

(Baker).  I t  was then r e f r i g e r a t e d  f o r  20 -25  mln p r i o r  t o  c e n t r i f u g a t i o n  a t  

1 3 ,2 0 0  x g f o r  15 m ln .  The s u p e r n a t a n t  was made 70? s a t u r a t e d  In 

ammonium s u l f a t e ,  s t i r r e d  f o r  20 m ln ,  and c e n t r i f u g e d  as above.  The  

pel l e t  was d i s s o l v e d  In  0.01 M T r l s - H C I , pH 7.5 + 0.001 M MnCI 2 (10? o f  

the  o r i g in a l  volume) and d la lyzed  a g a in s t  1 l i t e r  o f  t h i s  b u f f e r  w i th  

3 b u f f e r  changes.

Step Z m. P r e c i p i t a t i o n  .will) ACPlgJIP

The l i v e r  e x t r a c t  (step 1) or  the  d la lyzed  product o f  the  ammonium 

s u l f a t e  p r e c i p i t a t i o n  o f  the bra in  e x t r a c t  (step A) was mixed w i th  1.5 

v o l .  o f  - 2 0 ° C  a c e to n e .  The a c e to n e  was added s l o w l y  w i t h  c o n s t a n t  

s t i r r i n g  so t h a t  the tem pera ture  did not exceed 10-12°C. The m ix tu re  was 

s t I r r e d  f o r  10 mln a t  6 - 8°C ,  and then  c e n t r i f u g e d  a t  1 3 ,2 0 0  x g  f o r  1 5 

mln.  The pel  l e t  was homogenized In 0.01 M T r l s - H C I ,  pH 7 .5 ,  c o n t a i n i n g



0.001 M MnCI2 on a Po ly tron homogen I z e r  ( the  volume corresponded t o  0.5 

vol o f  the d la lyzed  ammonium s u l f a t e  s o lu t io n  In the  case o f  th e  b ra in  

p repa ra t ion ,  and I t  equaled 0.7 vol o f  the  o r i g i n a l  weight  o f  the  t is s u e  

In t h e  case  o f  t h e  l i v e r  p r e p a r a t I o n ) .  Any u n d ls s o lv e d  m a t e r i a l  was 

removed by c e n t r i f u g a t i o n  ( 1 3 , 2 0 0  x g ,  10 m ln ) .  The s u p e r n a t a n t  was 

d la lyzed  aga ins t  0.01 M T r l s - H C I ,  pH 7.5 (10-15 vo ls)  w i th  2 changes of  

b u f f e r  t o  r e m o v e  t r a c e s  o f  a c e t o n e .  The  pH o f  t h e  d l a l y z e d  

prepara t ion  was adjusted t o  pH 7 .5  as needed.

Step I * .  Heat T r ea t me nt

The s o l u t i o n  o b t a i n e d  f rom s te p  2 was h ea ted  f o r  20 mln In a 60°C  

water  bath. I t  was then cooled In an Ice bath w i th  constant  s t i r r i n g  t o  

4°C, and cen tr i fug ed  fo r  10 mln a t  13,200 x g to  remove the  p r e c i p i t a t e d  

m a t e r i a l .  The s u p e r n a t a n t  was c o n c e n t r a t e d  t o  a p p r o x i m a t e l y  10 ml 

( b r a i n ) ,  o r  25 ml ( l i v e r )  under  N2 (30  p s I ) us in g  a PM -30  D l a f l o w  

pressure u l t r a f I I t r a t f o n  membrane (Amlcon),  and frozen a t  -2 0 °C .

Step ± m_ Chromatography on. Pfftfcgfll-LulflSfi

A. L I v e r . 25 ml p o r t i o n s  o f  t h e  m a t e r i a l  f rom t h e  p r e c e d in g  s te p  

were thawed, d la lyzed  ag a in s t  1 l i t e r  o f  0.05 M T r l s - H C I ,  pH 7.8 w i th  1 

change o f  b u f f e r ,  and a p p l i e d  t o  a 3 x 53 cm DEAE-ceI I u I o s e  column  

( S c h l e i c h e r  & S c h u e l l ,  DEAE-20) which had been e q u i l i b r a t e d  w i t h  t h e  

above d i a l y s i s  b u f f e r .  A pump was used t o  m a i n t a i n  a f l o w  r a t e  o f  25 

m l / h r  d u r in g  sam ple  a p p l i c a t i o n  and e l u t i o n .  10 ml f r a c t i o n s  were  

c o l l e c t e d ,  and those conta in ing  enzyme a c t i v i t y  were pooled (Pool 1) and 

frozen a t  -20°C.



Jl. Bra I n. 100 ml a l i q u o t s  o f  t h e  p r e p a r a t i o n  o b t a i n e d  In s te p  3 

were t h a w e d ,  and loaded o n to  a 3 x 50 cm DEAE-cel l u l o s e  co lu m n ,  p r e -  

equl  I I b r a t e d  w i t h  0.01 M T r l s - H C I ,  pH 7 .5 .  Flow r a t e  and f r a c t i o n  s i z e  

were t h e  same as f o r  t h e  l i v e r  s a m p le s .  The column was washed w i t h  

e q u i l i b r a t i o n  b u f f e r  u n t i l  the  absorbance a t  280 nm decreased t o  0. 1, a t  

which t im e  a g r a d ie n t  e l u t i o n  system was I n i t i a t e d  co n s is t in g  o f :

300 ml 0.01 M T r l s - H C I ,  pH 7 .5  

+ 300 ml 0.01 M Tr ls -H C I  + 0 .15  M KCI,  pH 7 .5  

The pool o f  a c t i v e  enzyme which was e lu ted  w i th  th e  e q u i l i b r a t i o n  b u f f e r  

(Pool 1) was c o n c e n t r a t e d  t o  20 m l ,  and f r o z e n  a t  - 2 0 ° C .  Enzyme 

f r a c t io n s  e lu ted  w i th  th e  s a l t  g r a d ie n t  were pooled (Pool 2 ) ,  d la lyzed  

ag a in s t  2 l i t e r s  o f  e q u i l i b r a t i o n  b u f f e r  w i th  1 change, concentrated to  

10-15 ml,  and f ro zen .

S.tffP. 1 m. Chromatography &0 CMdSaJ_Ull05a

Port ions o f  m a te r ia l  from step 4 (100 ml fo r  the  b ra in  p repara t ions  

and 130-140 ml o f  the l i v e r  s o lu t io n )  were thawed, and d la ly z e d  aga ins t  

1.5 I I t e r s  o f  0.01 M T r l s - H C I ,  pH 7 .0  (2  cha n g es ) .  The pH o f  t h e  f i n a l  

d la lyzed  s o lu t io n  was adjusted t o  7.0,  and the  sample was c e n t r i fu g e d  a t

1 7 ,300  x g f o r  15 mln .  The s u p e r n a t a n t  was a p p l i e d  t o  a 3 x 53 cm 

column o f  C M -ce l lu lose  (Whatman, CF11) which had been e q u i l ib r a t e d  w i th  

0.01 M T r l s - H C I ,  pH 7 .0 .  A f lo w  r a t e  o f  25 m l / h r  was k e p t  c o n s t a n t  w i t h  

a pump, and 10 ml f r a c t i o n s  were  c o l l e c t e d .  E n z y m a t i c a l l y  a c t i v e  

f r a c t i o n s ,  e lu ted  w i th  th e  e q u i l i b r a t i o n  b u f f e r ,  were concentrated to  

5 -10  ml,  and frozen a t  -20°C.  Contaminating p ro te ins  which bound to  the  

column were removed w i th  a b u f f e r  con s is t ing  o f  0.01 M Tr ls -H C I
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+ 0 .5  M KCI,  pH 7 . 0 .

Step §u. £ s l  Ft I t r a t i o n  q r  Sflphadex f c l RQ

The enzyme s o l u t i o n  f rom  t h e  l a s t  p r o c e d u r e  was thaw ed and made 

0.05 M In NaCI by the  a d d i t io n  o f  s o l i d  NaCI (Baker).  I t  was then loaded 

onto a 3 x 54 cm Sephadex 6 -150  column (Pharmacia) In 0.01 M Tr ls -H C I  + 

0.05 M NaC I ,  pH 7 .5 .  3 ml a l  I q u o t s  w ere  co l  l e c t e d  a t  a f l o w  r a t e  o f  18 

m l /h r .  F rac t ions  c on ta in ing  enzyme were pooled, concentrated t o  5 -6  ml,  

and reapp l ied  t o  the  Sephadex G-150 column. A c t iv e  f r a c t i o n s  from t h i s  

second run were  a l s o  p o o le d ,  and c o n c e n t r a t e d  t o  5 - 6  ml b e f o r e  be ing  

d l a l y z e d  a g a i n s t  1 l i t e r  o f  10 mM p o ta s s iu m  p ho sphate  + 0 .2  mM 

d l t h l o t h r e l t o l  (DTT) ,  pH 7 .0  ( b u f f e r  A) w i t h  2 changes o f  d i a l y s i s  

b u f f e r .

Step I * .  Hydrophobic Chromatography oa  Qc. t y l  .SgpJhacgSfi

A 0 .7  x 13 cm c o l u m n  o f  O c t y l  S e p h a r o s e  ( P h a r m a c i a )  was  

e q u i l ib r a t e d  w i th  10 mM potassium phosphate + 0.2 mM DTT, pH 7.0 which 

was 40$ sa tu ra ted  w i th  ammonium s u l f a t e  a t  20°C ( b u f fe r  B). The d la lyzed  

G-150 sample was made 40% sa tu ra ted  In ammonium s u l f a t e  by a d d i t io n  o f  

the  s o l i d ,  and the  r e s u l t i n g  s o lu t io n  was c e n t r i fu g e d  a t  17,300 x g fo r  

10 mln t o  remove any undtssolved m a t e r ia l .  The supernatant  was placed on 

t h e  column a t  a f l o w  r a t e  o f  25 m l / h r ,  and 3 ml f r a c t i o n s  were  

c o l le c te d .  The column was washed w i th  b u f f e r  B u n t i l  the  absorbance a t  

280 nm f e l l  t o  0.1. A l i n e a r  g r a d ie n t  e l u t io n  system was then I n i t i a t e d  

which consis ted o f :



6 column vol b u f f e r  B 

+ 6 column vol b u f f e r  G 

B u f f e r  C was composed o f  80$ e + h y l e n e  g l y c o l  In  b u f f e r  A. F i n a l  ly  t h e  

column was washed w i th  3 - 4  column vol o f  b u f f e r  C. Grad ient  composit ion  

was determined by measuring the  c o n d u c t iv i t y  o f  every 10th  f r a c t i o n  on a 

YSI Model 31 c o n d u c t iv i t y  b r idge ,  and comparing t h e i r  values to  those of  

a s e t  o f  s o l u t i o n s  o f  known c o m p o s i t i o n .  F r a c t i o n s  hav in g  enzyme  

a c t i v i t y  were pooled, and d la ly z e d  ag a in s t  2 l i t e r s  o f  b u f f e r  A f o r  9 -10  

hr w i th  2 b u f f e r  changes. The pools were subsequently  concentrated t o  3 -  

6 m l ,  r e a p p l i e d  t o  a (new) 0.7 x 6.5 cm O c ty l  Sepharose  co lu m n ,  and 

e lu ted  as above. The a c t i v e  f r a c t i o n s  from t h i s  second run were d la lyzed  

a g a i n s t  b u f f e r  A f o r  9 h r ,  f o l l o w e d  by c o n c e n t r a t i o n  t o  3 - 5  m l .  The 

pools were then assayed fo r  enzyme a c t i v i t y  and p ro te in  conten t  be fore  

being frozen a t  -20°C .

C h a r a c t e r i z a t io n  q±  ±h£ En2yn£&

Lu Pise  £al E-l.eg-trcplgne.sls.

D i s c  g e l  e l e c t r o p h o r e s i s  o f  t h e  l i v e r  and b r a i n  a r g l n a s e  

p r e p a r a t i o n s  a f t e r  O c ty l  Sepharose  c h r o m a to g r a p h y  was p e r fo rm e d  

a c c o r d in g  t o  t h e  method o f  D a v is  (1964 )  on 5% a c r y l a m l d e  g e l s .  The  

standard anodic gel system t h a t  stacks a t  pH 8.9 and runs a t  pH 9.5 was 

used. S e p a r a t in g  g e l s  w ere  I n i t i a l l y  run f o r  a t  l e a s t  one hour In a 

c o n t in u o u s  b u f f e r  sys tem  (a 1:8  d i l u t i o n  o f  T r l s - H C I  b u f f e r )  t o  

e l i m i n a t e  o x i d a t i v e  contaminants o f  gel p o ly m e r iz a t io n .  Tubes of  13 cm 

In length and 5 mm In Ins ide  d iam eter  were used, and these contained 4.7
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cm o f  separa t ing  gel and 0 . 9  cm o f  s tack ing  g e l .

D u p l i c a t e  g e l s  o f  L1B and B1B a r g l n a s e  were  run a t  a c o n s t a n t  

c u r r e n t  o f  4 m A /g e l .  A p p r o x ! mate Iy  30 pg o f  p r o t e i n  was loaded o n to  

each g e l .  The m ig ra t io n  p a t te r n  o f  a rg lnase was determined by s t a in in g  

one o f  each p a i r  o f  ge ls  f o r  p ro te in  w i th  0.5$ B u f fa lo  Black NBR, and by 

enzyme assay o f  s l i c e s  from the  o th e r  unstained g e l .  A f t e r  e le c t r o p h o r 

es is  these l a t t e r  ge ls  were c u t  In to  2 mm s l i c e s ,  each s l i c e  was placed  

In a capped p l a s t i c  t u b e  h o l d i n g  0.2 ml o f  t h e  enzyme assay  m i x t u r e ,  

crushed In to  smal l  p ieces w i th  a g lass rod, and Incubated a t  37°C f o r  30 

mln ( l i v e r )  o r  240  mln ( b r a i n ) .  Samples w ere  p rocessed  t h e r e a f t e r  

according t o  the  standard assay p ro to co l .  Gels were photographed w i th  

Po laro id  Type 55 P/N f i l m  using a P o la ro id  MP-3 Land camera, and scanned 

a t  620 nm on a Joyce Loebl Chromoscan.

IL. .S.ubmLt MaificulaL Weight. Dffterml n.atl on

I I  fins Dimensional 2D£ £§1  E lec t ro p h o re s is  i n  Iu,b& G.els.. P u r i 

f i e d  l i v e r  and b ra in  f r a c t i o n s  were f r a c t io n a te d  by e le c t ro p h o re s is  In 

7.5$ po lyacry lam ide  ge ls  conta in ing  SDS according t o  the  method o f  Weber 

and Osborn (1969 )  us ing  15 cm high tu b e s  w i t h  an I n s i d e  d i a m e t e r  o f  5 

mm. Samples and s t a n d a r d s  were  d e n a tu re d  a t  100°C f o r  15 mln In t h e  

p rese n ce  o f  S D S :2 -m e r c a p to e th a n o I  ( 2 $ : 2 $  In w a t e r ) .  6 - 9  pg o f  sam ple  

p ro te in  was app l ied  per g e l .  E lec t ropho re s is  was conducted a t  a constant  

c u r r e n t  o f  8 mA/gel  f o r  abo u t  6 h r .  The g e l s  were  s t a i n e d  f o r  2 hr  a t  

room tem pera ture  In 0.25$ Coomassle b r i l l i a n t  b lue R, desta ined e l e c t r o -  

p h o r e t l c a l l y  2 t i m e s  f o r  25 mln In 7.5$ a c e t i c  a c ! d : 5 $  m e t h a n o l ,  and 

l e f t  In a d i f f u s i o n  d e s ta ln e r  ( In  7$ a c e t i c  acid)  u n t i l  a l l  background



s t a in in g  was removed. A c a l i b r a t i o n  curve f o r  the  gels  was constructed  

from the  r e l a t i v e  m o b i l i t i e s  o f  the  f o l lo w in g  standard p ro te in s :  phos-  

p h o r y l a s e  b ( 9 4 , 0 0 0 ) ,  b o v in e  serum a lb u m in  (BSA) ( 6 7 , 0 0 0 ) ,  o v a lb u m in

( 4 3 . 0 0 0 ) ,  c a r b o n i c  anh ydrase  ( 3 0 , 0 0 0 ) ,  t r y p s i n  I n h i b i t o r  ( 2 0 , 1 0 0 ) ,  and 

oc-1 a c t a  I bumin (14,400) .

21 Jjlsl Dimensional G al E.I,ag±E.ophfflcfigla s± LIB  and.L1A Anolnasa.

The p u r i f i e d  l i v e r  po o ls  were  s e p a r a t e d  In tw o  d im e n s io n s  us in g  t h e  

p r o c e d u r e  o f  0 ' F a r r e l  I ( 1 9 7 5 ) .  A 3 ng amount o f  p r o t e i n ,  was f i r s t  

subjected to  I s o e l e c t r i c  focusing (pH 3 .5 -10)  fo r  6400 V-hr .  The second 

d im e n s io n  s e p a r a t i o n  was In a 10$ a c r y l a m i d e  s l a b  ge l  c o n t a i n i n g  0.1$  

SDS. E lec t ropho res is  was performed a t  20 mA/ gel f o r  approx im ate ly  3 hr 

u n t i l  the  bromophenol b lue t ra c k in g  dye had migrated to  about 5 mm from 

t h e  b o t t o m  o f  t h e  s l a b  g e l .  The  g e l  was f i x e d  f o r  1 h r  In  

methanol  r a c e t i c  a c ! d : w a t e r  ( 5 : 1 : 1 ) ,  and s ta ined  overn igh t  in Coomassie 

blue.  Desta in  Ing was accomplished In e t h a n o l : a c e t i c  a c id :w a te r  (3 :1 :6) .  

Standard p ro te in s  used t o  determine the  molecular  weight  o f  the  arg lnase  

s u b u n i t s  w ere:  p h o s p h o r y Ia s e  b ( 9 4 , 0 0 0 ) ,  BSA ( 6 7 , 0 0 0 ) ,  o v a lb u m in

( 4 3 . 0 0 0 ) ,  c a r b o n ic  an h yd rase  ( 3 0 , 0 0 0 ) ,  t r y p s i n  I n h i b i t o r  ( 2 0 , 1 0 0 ) ,  and 

<x-  lacta lbum ln ( 1 4 , 4 0 0 ) .

CL. Determinat ion  a t 1 Value. Ian  j± e  ln±as± LLB Enzyme 

By A n a ly t i c a l  U I t r a c e n t r I f u g a t I o n

Sedimentat ion v e l o c i t y  o f  the  L1B enzyme (3 mg/ml) was performed In 

a Beckman Model E a n a l y t i c a l  u l t r a c e n t r i f u g e  us ing  an AN-D r o t o r  and 

S chl ie ren  o p t i c s .  The c e n t r i f u g a t i o n  was a t  52 ,640 rpm and 20°C.
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EL. Mo I ecu I ar  Weight Determinat ion  S a l  fr.1.1 tr.ai.Lan.

On Sephadex SrJ^Q Col umn

The m olecular  weights o f  l i v e r  and b ra in  p repara t ions  were e s t i 

mated according t o  the  method o f  Andrews (1964). 1 ml (conta in ing  0.16-

2.0 mg o f  p ro te in )  o f  each f i n a l  o c ty l  sepharose f r a c t i o n  was ap p l ied  to  

a 1.5 x 98 cm Sephadex G-150 column which had been e q u i l i b r a t e d  In 0.01 

M T r l s - H C I  + 0.25 M N a C I ,  pH 7 .5 .  2 ml f r a c t i o n s  were  c o l l e c t e d  a t  a 

f l o w  r a t e  o f  18 m l / h r .  The e l u t i o n  p o s i t i o n  o f  t h e  p r o t e i n s  was moni

tored by absorbance a t  235 nm, w h i le  the  e l u t io n  o f  2-mercaptoethanol  

was read  a t  280  nm. F r a c t i o n s  were a l s o  assayed f o r  enzyme a c t i v i t y  

using the  standard assay procedure. C a l i b r a t io n  o f  the column was accom-  

pI  I shed by m eas ur Ing  t h e  e I u t I o n  p o s 1 1 Ion o f  t h e  f o I  low Ing p r o t e  Ins :  

a l d o l a s e  ( 1 5 8 , 0 0 0 ) ,  p h o s p h o ry Ia s e  b ( 9 4 , 0 0 0 ) ,  b o v in e  serum a lb u m in

( 6 7 , 0 0 0 ) ,  o v a lb u m in  ( 4 3 , 0 0 0 ) ,  soybean t r y p s i n  I n h i b i t o r  ( 2 0 , 1 0 0 ) ,  

m yog lob in  ( 1 6 , 9 0 0 ) ,  and r l b o n u c l e a s e  A ( 1 3 , 7 0 0 ) .  B lue  D e x t r a n  2000  

(>10®) and 2-mercaptoethanol  (78) were employed to  e s t a b l i s h  the  column 

void volume and t o t a l  bed volume, r e s p e c t iv e ly .

EL. Hexose Content

Samples o f  the  p u r i f i e d  l i v e r  and bra in  p ro te ins  were assayed fo r  

hexose c o n t e n t  a c c o r d in g  t o  t h e  p r o c e d u r e  o f  T r e v e ly a n  and H a r r i s o n  

( 1 9 5 2 ) .  B r i e f l y ,  5 ml o f  a n th r o n e  r e a g e n t  (0 .2  g a n t h r o n e  In 100 ml o f  

12.85 M H2SO4) was placed In t e s t  tubes In an Ice bath, and then 1 ml o f  

t h e  sam ple  was g e n t l y  l a y e r e d  on t o p .  A f t e r  a l l  sam ples  had been 

a p p l l e d ,  t h e  tu b e s  were  capped,  mixed by s w i r l  In g ,  b o l l e d  f o r  10 m ln ,
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and th e n  I m m e d i a t e l y  p la c e d  In  a c o ld  w a t e r  b a th  f o r  a t  l e a s t  2 mln .  

Absorbance was measured a t  620 nm, and a s t a n d a r d  c u r v e  was g e n e r a te d  

from a s e r ie s  o f  ga lac tose  standards ( 10-100 fig).

E*. Amino Acid Cpmpp.glt. lafl. Ana]yglg.

A Beckman model 118CL amino ac id ana lyze r  was used t o  determine  the  

amino acid composit ion o f  p u r i f i e d  l i v e r  and b ra in  arg lnases.  A l iquots  

of each sample (80 ng o f  l i v e r  arg lnase and 60-70  fig o f  b ra in  arglnase)  

were  p la c e d  In h y d r o l y s i s  tu b e s  and vacuum d e s i c c a t e d  o v e r n i g h t .  

Samp I es were hydro  I yzed l a  vacuo a t  110°C in 1.0 ml o f  5.7  M HCI p lu s  

one drop o f  0.5 M h y d r a z I n e ,  f o r  24 ,  4 8 , and 72 hr  ( l i v e r )  o r  24 hr  

( b r a i n ) .  A t  t h e  end o f  t h e  h y d r o l y s i s  p e r i o d ,  t h e  p r e p a r a t i o n s  were  

d r i e d ,  and th e n  d i s s o l v e d  In 0.2 N sodium c i t r a t e ,  pH 2 .2  c o n t a i n i n g  

0.5? t h io d tg ly c o l  and 0.1/6 phenol.

To determine t ryptophan con ten t ,  l i v e r  p ro te in s  were hydrolyzed fo r  

24 hr  a t  11 0°C In t h e  p r e s e n c e  o f  0.3 ml o f  4 N methanesu I f  on Ic  a c id  

c o n t a i n i n g  0.2# 3 - ( 2 - a m  I n o e th y  I ) In do le .  A f t e r  h y d ro lys is ,  the  samples 

w ere  n e u t r a l i z e d  by add ing  0.3 ml o f  3.5 N NaOH, and t h e y  were  th en  

In je c te d  In to  the  amino acid a n a ly z e r .

H a l f - c y s t i n e  was measured In l i v e r  sam ples  as c y s t e l c  a c id  

fo l low ing  perform!c  acid  o x id a t io n  using the protocol o f  Moore (1 9 6 3 ) .

The composit ional  homology o f  the  samples was eva luated using the  

parameter S A  Q def ined by Marchalonls  and Weltman ( 1 9 7 1 ) .

S A Q =  * , ( X | f J  -  Xk>J)2  

i , k  -  I d e n t i f y  the  two p ro te ins  being compared 

X .  -  number o f  type j  amino acid res ldues /100  residues
J
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Antibody Product ion ami Immunochemical Ana lys is  

RabbIt  Immunization

Two r a b b i t s  were  Imm unized  w i t h  p u r i f i e d  L1B a r g l n a s e .  The  

I n j e c t i o n  p r o t o c o l  was as f o l  lows:  100 / ig  o f  p r o t e i n  In 1 ml o f  O c ty l  

Sepharose b u f f e r  A was e m u ls i f i e d  w i th  1 ml Freund's complete adjuvant  

( M i l e s  L a b o r a t o r i e s ,  I n c . ) ;  0.6 ml o f  e m u ls io n  was I n j e c t e d  I n t o  each  

r e a r  t h i g h  m u s c le ,  and 0 . 1 - 0 . 2  ml was I n j e c t e d  I n t r a d e r m a  I I y t o  5 - 6  

sp o ts  on t h e  back;  10 pg su s p e n s io n s  In F reun d 's  I n c o m p l e t e  a d j u v a n t  

were In je c te d  as before  on the  14th,  39th ,  81s t ,  and 104th day. Rabbits  

were b le d  by e a r  v e i n  p e r i o d i c a l  l y  t o  f o l  low t h e  p ro g r e s s  o f  a n t i b o d y  

product ion,  and a f i n a l  b leeding was taken by c a rd iac  puncture one week 

a f t e r  t h e  f i n a l  b o o s t e r .  Blood was a l l o w e d  t o  c o a g u l a t e  a t  room 

t e m p e r a t u r e  f o r  2 h r ,  and th e n  o v e r n i g h t  a t  4°C; serum was poured o f f  

and stored a t  -20°C  u n t i l  p u r i f i e d .

Analysis  a t  Ant.1 serum

The product ion o f  r a b b i t  an t I -b o v !n e -L 1B  arg lnase an t ib o d ies  as a 

r e s u l t  o f  Immunization was In v e s t ig a te d  on micro double Immunodiffusion  

p l a t e s  ( H y l a n d ,  p a t t e r n  C ) .  P l a t e s  w e r e  k e p t  f o r  3 h r  a t  room  

tem pera tu re ,  fo l low ed  by o ve rn ig h t  Incubation a t  4°C. V i s u a l i z a t i o n  o f  

t h e  p r e c i p i t i n  l i n e s  was enhanced by us ing  t h e  f o I  Io w In g  p ro c e d u re :  

p la te s  were soaked In severa l  changes o f  0.9% NaCI, pH 7.7,  s ta ined  w i th  

Coomassle b r i l l i a n t  b l u e  R, and d e s t a i n e d  In 1.5%  a c e t i c  a c i d :

5% methanol. S p e c i f i c i t y  o f  the  p u r i f i e d  (see below) a n t ib o d ies  was tes ted  

a g a i n s t  p u r i f i e d  p r e p a r a t i o n s  o f  b o v in e  l i v e r  and b r a i n  a r g l n a s e ,  as
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well  as aga ins t  murine b ra in  and l i v e r  homogena+es.

ImmunoglobuI In ! g £  P u r i f i c a t i o n

Immunoglobulins were separated from o th e r  r a b b i t  serum p ro te in s  by 

a d d i t io n  o f  ammonium s u l f a t e  to  40% s a t u r a t io n .  The s o lu t io n  was l e f t  a t  

4°C f o r  30 mln, c e n t r i fu g e d  a t  17,300 x g fo r  15 mln, and the  r e s u l t in g  

p e l l e t  was dissolved In 0.0175 M potassium phosphate, pH 6.8 ( b u f f e r  A) 

( 1 - 2  m l / 1 0  ml o f  s t a r t i n g  serum v o l ) .  The s o l u t i o n  was d l a l y z e d  

o v e r n i g h t  a g a i n s t  4 l i t e r s  o f  b u f f e r  A. I t  was n e x t  c e n t r i f u g e d  a t

1 7 ,3 0 0  x g f o r  15 m ln ,  and t h e  s u p e r n a t a n t  was appl led t o  a 1.0 x 25 cm 

DEAE-Sephacel (Pharmacia) column which had been e q u i l ib r a t e d  w i th  b u f f e r  

A. T h is  lo n -e x c h a n g e  m a t e r i a l  was used t o  s e p a r a t e  t h e  s e v e r a l  

Immunoglobulin c lasses ( IgG, IgA, IgM) from each o th e r .  5 ml f r a c t i o n s  

were co l  l e c t e d  a t  a f l o w  r a t e  o f  40 m l / h r .  The column was washed w i t h  

b u f f e r  A u n t i l  the  absorbance a t  280 nm was 0.1; e l u t io n  was then begun 

w ith  0.08 M potassium phosphate, pH 6.6 ( b u f fe r  B), fo l lowed by a f i n a l  

e l u t i o n  w i t h  0.3 M p o ta s s iu m  p h o s p h a te ,  pH 6.5 ( b u f f e r  C).  The t h r e e  

p ro te in  pools were concentrated  by p r e c i p i t a t i o n  w i th  ammonium s u l f a t e  

as above; the  r e s u l t in g  p e l l e t s  were d issolved In a minimum volume o f  

b u f f e r  A (1 m l / 7 0  ml o f  e l u t e d  p o o l ) ,  and then  d l a l y z e d  o v e r n i g h t  

a g a i n s t  b u f f e r  A b e f o r e  be ing  t e s t e d  f o r  a n t l - b o v I n e - L 1 B  a r g l n a s e  

a c t i v i t y  on Immunodiffusion p la t e s .



Remova I of RIbonuclease ±mn.  l g £  Er3.S±] on Q± Antijs&mm

The p r o t o c o l  used was t h a t  o f  P a l a c i o s  s ±  aL .  ( 1 9 7 2 ) .  The IgG 

f r a c t i o n  I s o l a t e d  on t h e  DEAE-Sephacel  column was d l a l y z e d  a g a i n s t  4 

I I t e r s  o f  10 mM sodium phosphate  + 15 mM NaCI ,  pH 7.2  ( b u f f e r  D ) ,  I t s  

p r o t e i n  c o n t e n t  d e t e r m i n e d  ( W a r b u r g  and C h r i s t i a n ,  194 2 ) ,  and 

concentrated as needed t o  40 -50  mg/ml.  The sample was then placed on a • 

s t e r i l e  1.5 x 4.5  cm column o f  DEAE-ce I I u I ose o v e r l a i d  by t h e  same 

volume o f  s t e r i l e  C M -ce I  I u l o s e .  Both o f  t h e  lo n -e x c h a n g e r s  were  

e q u i l i b r a t e d  In b u f f e r  D. The sam ple  was e l u t e d  w i t h  e q u i l i b r a t i o n  

b u f f e r ,  and 3 ml f r a c t i o n s  were  c o l l e c t e d .  F r a c t i o n s  w i t h  t h e  h i g h e s t  

absorbance a t  280 nm were combined, a p ro te in  assay was performed,  and 

1 ml a l iq u o ts  were f rozen a t  -80°C  In s t e r i l e  Eppendorf tubes .

Q u a n t i t a t i v e  Immunoprecfpftat fon q±  LLE ArfliDagg.

L1B arg lnase  was t i t r a t e d  ag a in s t  r a b b i t  IgG by the methodology o f  

Snodgrass s ±  a ± .  ( 1 9 7 8 ) .  25 jut I o f  a n t i b o d y  o r  c o n t r o l  b u f f e r  were  

Incubated w i th  Increasing volumes o f  the  l i v e r  p ro te in  (0.355 mg/ml) and 

enough enzyme assay b u f f e r  t o  br ing the  t o t a l  volume o f  the  s o lu t io n  to  

0 .2  ml. Samples were kept  a t  37°C f o r  45 mln, and then ove rn igh t  a t  4°C. 

C e n t r i f u g a t i o n  a t  2 7 , 0 0 0  x g f o r  30 mln was used t o  s e p a r a t e  t h e  

p r e c l p l t a b l e  Immune com plexes  f rom t h e  f r e e  excess  a n t i g e n .  The 

supernatant  was te s te d  In the  usual manner fo r  enzyme a c t i v i t y .
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I s o la t io n  and. Charact e r !  zat .lf ln  o l  LLyer  ArgJjiagg.. mEM  

RIbonuclease (RNase) Precaut ions

A l l  g lass  and p la s t lc w a r e  were soaked In 0.1 % d le thy Ipyrocarbo nate  

(DEPC) (Sigma) f o r  20 mln, and baked o ve rn ig h t  a t  120°C t o  I n h i b i t  RNase 

a c t i v i t y .  Eppendor f  tu b e s  used t o  c o l l e c t  f r a c t i o n s  w ere  a u t o c l a v e d  

p r i o r  t o  use. Buffers  were prepared In g lass  d i s t i l l e d ,  de ionized w ater ,  

and they were autoclaved p r io r  to  use.

,S±gp JLl Polysome J_sgJ.at.l-Qa

B o v i n e  l i v e r  p o l y s o m e s  w e r e  I s o l a t e d  u s i n g  t h e  magnesium  

p r e c i p i t a t i o n  method o f  P a lm l te r  (1974).  60 g por t io ns  o f  f rozen bovine  

l i v e r  were cu t  In to  smal l  p ieces ,  r insed 2 t im es  w i th  phosphate buf fered  

s a l i n e ,  and homogen I zed (0 .3  g / 1 . 0  ml b u f f e r )  In  25 mM T r I  s-HC 1, 25 mM 

NaCI, 5 mM MgC^* pH 7.4,  con ta in ing  2% T r i to n  X-100 ,  0.2 mg/ml heparin  

( S ig m a ) ,  and 1 pg/ml  c y c l o h e x l m l d e .  The homogenate was c e n t r i f u g e d  a t

2 7 , 0 0 0  x g f o r  30 s e c ,  and 0.1 vol o f  1 M MgCI 2 was added w i t h  s w i r l i n g  

to  the r e s u l t in g  supernatant .  A f t e r  Incubation fo r  1-1.5 hr a t  4°C, a 2x 

vol o f  the  r lb o n u c le o p ro te ln  s o lu t io n  was layered over a 1x vol o f  1 M 

sucrose In 25 mM T r I  s-HC I ,  25 mM NaCI, 5 mM M gC ^,  pH 7.5,  conta in ing  

0.5# T r i t o n  X - 1 0 0 ,  0.1 mg/ml h e p a r i n ,  and 1 | ig /ml c y c l o h e x l m l d e ,  and 

t h i s  p r e p a r a t i o n  was c e n t r i f u g e d  a t  2 7 ,0 0 0  x g f o r  15 mln .  The 

supernatant  was removed by a s p i r a t io n ,  and the  g la s s y -y e l lo w  p e l l e t  was 

resuspended by g e n t le  homogenization In 20 ml polyr ibosome b u f f e r  (25 mM 

T r ls -H C I ,  150 mM NaCI, 5 mM MgC^* pH 7.6,  con ta in ing  0.1# nonldet  P-40  

(S ig m a ) ,  1 pg/ml  c y c l o h e x l m l d e ,  and 0.2 mg/ml h e p a r i n ) .  The polysome



38

s u p e r n a t a n t  (S1) r e c o v e r e d  a f t e r  c e n t r i f u g a t i o n  o f  t h e  s us pens ion  a t  

34,800 x g fo r  10 mln was held as ide ,  and the  p e l l e t  was rehomogenized 

and re c e n t r i fu g e d .  Supernatant  (S2) from the  second c e n t r I f I g a t l o n  step  

was combined w ith  S1. The p e l l e t  was d iscarded .

Step Immune I s o l a t i o n  q±  Arg Inase-SynthesI z I ng Polyribosomes a M

E,lu.t.l<?p o ±  Sp-g-Cliis. mRNA

Arg lnase -syn thes lz ln g  polysomes were separated from the  polysomes 

I s o l a t e d  In t h e  p r e v i o u s  s te p  a c c o r d in g  t o  t h e  m ethodo logy  o f  S h a p i ro  

and Young (1981). S1 and S2 were cen t r i fu g e d  a t  34 ,800 x g fo r  10 mln to  

remove any aggregated polysomes. RNase f r e e  IgG from r a b b i t  #2 was a lso  

c e n t r i f u g e d  p r i o r  t o  use. A 0.6 ml vo lume o f  IgG (3.1 m g /m l )  was added 

t o  37 .5  ml o f  p o l y r i b o s o m e s .  The m i x t u r e  was l e f t  a t  room t e m p e r a t u r e  

f o r  1 h r ,  and then  o v e r n i g h t  a t  4°C b e f o r e  appl I c a t t o n  t o  a P r o t e i n  A 

Sepharose (Pharmacia) column (0 .7  x 11.1 cm) e q u i l i b r a t e d  In p o l y r i b o 

some b u f f e r .  Flow r a t e  was 4 - 5  m l / h r .  The column was washed o v e r n i g h t  

w ith  b u f f e r  (85 ml).  mRNA from s p e c i f i c a l l y  bound polysomes was e lu ted  

w i t h  1 1 -1 2  ml o f  25 mM T r l s - H C I ,  pH 7 .6 ,  c o n t a i n i n g  20 mM EDTA,

0 .2  mg/ml hepar in .  Flow r a t e  during e l u t io n  was 10 m l /h r .  F rac t ions  o f  

1 ml were c o l l e c t e d ,  and those con ta in ing  the  h ighest  absorbance a t  

260 nm were pooled.

Step 3.  Pur I f I c a t I o n  o f  PolyadenyIated RNA

The mRNA pool removed f rom  t h e  P r o t e i n  A column was h ea ted  a t  65°C  

fo r  5 mln, quick cooled on Ice ,  and brought back t o  room tem perature .  I t  

was adjusted to  10 mM T r l s - H C I ,  500 mM NaCI and 0.1# SDS and loaded onto
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a 1 ml Pasteur p fpe t  column of  ol Igo-dT c e l l u l o s e  (Sigma) e q u i l i b r a t e d  

a t  room tem pera ture  w i th  10 mM T r l s - H C I ,  pH 7.6, con ta in ing  500 mM NaCI,  

0.1$ SOS, 1 mM EDTA. Flow r a t e  was 9.5 m l /h r .  The column was washed with.  

13 ml o f  e q u i l i b r a t i o n  b u f f e r ,  and the bound RNA was e lu te d  w i t h  9 ml of  

the  same b u f f e r  lacking NaCI. F rac t ions  showing the  g r e a t e s t  absorbance  

a t  260 nm were combined, brought to  0.2 M potassium a c e ta te ,  and p re 

c i p i t a t e d  w i th  2.5 vol o f  95$ e thano l .  A f t e r  o ve rn ig h t  s to rage  a t  -2 0 °C ,  

the  RNA was c e n t r i f u g e d  a t  1 7 ,3 0 0  x g f o r  20 m ln ,  t h e  s u p e r n a t a n t  

was decanted, and the p e l l e t  was washed 3 t im es w ith  175 pi o f  70$ 

e th a n o l .  The pel  l e t  was d r i e d  In a d e s i c c a t o r ,  b r o u g h t  up In 20 pi o f  

s t e r i l e  w ate r ,  and. t r a n s f e r r e d  to  an Eppendorf tube fo r  s to rage  a t  -80°C .

Cel I -F r e e  Trans I a t l o n  of  L iver  mRNA

Po I yadeny I a te d  RNA was t r a n s l a t e d  using a nuclease t r e a t e d  ly s a te  

prepared from r a b b i t  r e t i c u l o c y t e s  (New England N u c le a r )  a c c o r d in g  t o
T C

t h e  p r o t o c o l  o f  Pelham and Jackson (1 9 7 6 ) .  ( S ) - m e t h I  on In e  (1 1 7 0  

pCi/mrnol) and RNA In a t o t a l  volume o f  10 pi were Incubated a t  37°C fo r  

90 mln. Control t r a n s l a t i o n s  were run using water  In place o f  the mRNA 

p r e p a r a t i o n .  R e a c t io n s  were t e r m i n a t e d  by t h e  a d d i t i o n  o f  40 pi o f  

e I e c t r o p h o r e s I s  t r e a t m e n t  b u f f e r  (62 .5  mM T r l s - H C I ,  pH 6 . 8 , 0 .2$ SDS, 

10$ g l y c e r o l ,  5$ 2 -m ercaptoe than o I ), fo l low ed  by d en a tu ra t lon  a t  100°C 

fo r  15 mln.

Immune P r e c I p i t a t i o n  o f  Trans Iated Products

N e w l y  s y n t h e s i z e d  p r o t e i n s  w e r e  a l s o  p r e p a r e d  f o r  Imm une  

p r e c i p i t a t i o n  a f t e r  th e  90 mln t r a n s l a t i o n  p e r i o d  by add ing  10 pi L1B



arg lnase  (0.355 mg/ml) and 25 pi o f  e i t h e r  r a b b i t  #1 IgG (24.1 mg/ml) ,  

or  r a b b i t  # 2  IgG (7.6 mg/ml) to  them. These m ix tures  were Incubated a t  

37°C f o r  45 m ln ,  th e n  l e f t  o v e r n i g h t  a t  4°C .  A f t e r  a 30 mln c e n t r i 

fu g a t io n  s te p  In a m l c r o f u g e ,  t h e  s u p e r n a t a n t  was poured o f f ,  and 

the  Immune p r e c i p i t a t e  was washed 3 t i m e s  w i t h  0 .9# N a C I ,  pH 7 .7 .  

Elec t ropho re s is  t r e a tm e n t  b u f f e r  (50 p i )  was added, and the  p ro te in  

m ixture  was b o i led  f o r  15 mln.

E lec t ro p h o re s is  aM FIuorography o l  Translated. Products

Elec t ro p h o re s is  o f  t r a n s l a t e d  p ro te in s  was accomplished as descr ibed  

by Laemmll (1970) on a 7.5# acry lam lde  s lab  gel con ta in ing  0.1# SOS. The 

gel was s ta ined  o ve rn ig h t  In Coomassle b lue ,  and desta ined In 7# a c e t i c  

a c l d : 5 #  m e t h a n o l .  I t  was soaked In s e v e r a l  changes o f  w a t e r  t o  remove  

th e  ac id  and methanol,  and then I t  was Incubated In 1 M s a l i c y l i c  acid  

f o r  30 mln t o  enhance f  I u o ro g ra p h y .  The ge l  was mounted on a p i e c e  o f  

3MM paper (Whatman), and dr ied  In a H o ef fe r  s lab gel dryer .  Kodak XAR-5 

f i l m  was exposed a t  -80°C  fo r  90 hr.  Standard p ro te ins  used t o  determine  

the  s i z e  o f  the  t r a n s l a t e d  p ro te in s  were: phosphoryIase b (94 ,000) ,  BSA

( 6 7 , 0 0 0 ) ,  ovalbumin ( 4 3 , 0 0 0 ) ,  and carbonic  anhydrase ( 3 0 , 0 0 0 ) .



CHAPTER I I I

RESULTS 

Standard Assay

The a r g l n a s e  enzyme a c t i v i t y  assay  was based on t h e  f o r m a t i o n  o f  

urea  f rom  L - ( g u a n I d o - ^ C )  a r g i n i n e  (Ruegg and R u s s e l l ,  1980 ) .  To 

obta in  accurate  values o f  enzyme a c t i v i t y  a t  each stage o f  the p u r i f i c a 

t io n  p ro to c o l ,  a p p ro p r ia te  d i l u t i o n s  o f  the  sample had t o  be made. This  

need arose because o f  the  well  documented I n h i b i t i o n  o f  the  r e a c t io n  by 

t h e  o t h e r  end p r o d u c t ,  o r n i t h i n e  (H u n t e r  and Downs, 1945; G lass  and 

Knox, 1973; Pace and Landers, 1981). This  Is I l l u s t r a t e d  In Fig.  2 which 

shows the  e f f e c t  on urea production o f  Incubating a f ix e d  concentra

t io n  o f  sub s t ra te  w i th  Increasing amounts o f  p a r t i a l l y  p u r i f i e d  bovine  

I I v e r  a rg  I nase.  A I I n e a r  response  o c c u r r e d  on I y f o r  t h e  f  I r s t  5-6/S o f  

hydro Iys I  s .

Us I ng a commere I a I p r e p a r a t I o n  o f  ca I f  I I v e r  a r g I n a s e ,  Ruegg and 

Russell (1980) found t h a t  the 10 mln t re a tm e n t  a t  55°C caused a 5% loss 

of  a c t i v i t y .  In the  present  work, Just the  oppos ite  r e s u l t  was observed:  

a c t i v i t y  was enhanced 3 . 5 - f o l d  by t h e  h e a t  a c t i v a t i o n  s t e p .  T h e re  has 

been d i s a g r e e m e n t  as t o  t h e  e f f i c a c y  o f  t h i s  p r o c e d u r e ,  depending  on 

t i s s u e  and animal source (Schlmke, 1962; Glass and Knox, 1973; H e rz fe ld  

and Raper,  1976) .
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F ig .  2 .  Arglnase enzyme a c t i v i t y  w i th  respect  t o  p ro te in

con cen tra t ion  o f  a p a r t i a l l y  p u r i f i e d  bovine l i v e r  

p re p a ra t io n  s t a r t i n g  w ith  41 ,866  dpm o f  ^ C - a r g l n f n e  

In the  assay mix.
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In a t y p i c a l  e x t r a c t i o n ,  3 0 0 - 3 5 0  g o f  f r o z e n  b o v in e  I I v e r  o r  b r a i n  

t i s s u e  was e x t ra c te d .  The arg lnase s p e c i f i c  a c t i v i t y  In l i v e r  samples 

ranged f rom  1 . 9 6 - 3 . 7 4  u n i t s / m g  p r o t e i n  (mean was 2 . 7 9 ) ,  w h i l e  t h a t  In  

the  b ra in  samples was between 0.010 and 0.033 uni ts /mg p ro te in  (mean was 

0.026). The wide range o f  a c t i v i t i e s  a r i s e s  from d i f f e r e n c e s  In enzyme 

a c t i v i t i e s  betw een  a n i m a l s  ( m u l t i p l e  b o v in e  b r a i n s  and l i v e r s  were  

needed, see Tables 1 and 2 ) .

Du r in g  t h e  f i r s t  a t t e m p t s  a t  p u r i f i c a t i o n  o f  t h e  b r a i n  enzyme,  

samples were te s te d  f o r  a c t i v i t y  and p ro te in  content  a f t e r  the ammonium 

s u l f a t e  and acetone p r e c i p i t a t i o n  steps.  The ammonium s u l f a t e  p r e c i p i t a 

t io n  step g e n e r a l l y  led to  a 3 - f o l d  r i s e  In s p e c i f i c  a c t i v i t y  w h i le  the  

use o f  a c e to n e  a id e d  t h e  p u r i f i c a t i o n  o n l y  m i n i m a l l y .  In c o n t r a s t ,  

t re a tm e n t  o f  l i v e r  samples w i th  acetone Increased the  s p e c i f i c  a c t i v i t y  

3 - 4 - f o l d .  L a te r ,  as the  need t o  apply the  p u r i f i c a t i o n  scheme t o  la rge r  

q u a n t i t i e s  o f  t i s s u e  became apparent ,  a l iq u o ts  were no longer assayed 

f o r  p r o t e i n  and a r g l n a s e  a c t i v i t y  a f t e r  t h e s e  s t e p s .  Thus In T a b le s  1 

and 2 A , .v a lu e s  a r e  shown o n l y  f o r  t h e  e x t r a c t i o n  and h e a t  p r o c e d u r e s .  

The p u r i t y  o f  the  enzyme had Increased 13 .0 - fo ld  and 1 5 .8 - fo ld ,  respec

t i v e l y ,  f o r  l i v e r  and b ra in  samples a f t e r  heat  t re a tm e n t .

A f t e r  d i a l y s i s ,  the  heat t re a te d  p repara t ion  was app l ied  to  a DEAE- 

c e l l u l o s e  co lumn.  F i g s .  3A and 3B I l l u s t r a t e  t h e  A2 gg and a r g l n a s e  

a c t i v i t y  o f  the  e lu a n t  from these columns. L iv e r  arglnase a c t i v i t y  did 

no t  b ind t o  a D E A E - c e I I u I o s e  column a t  pH 7 .8 ,  w h i l e  b r a i n  a r g l n a s e  

yie lded  two peaks o f  a c t i v i t y  when e lu ted  from the  column: pool B1 ( the



F ig .  3 .  E lu t io n  p r o f i l e s  o f  bovine l i v e r  and b ra in
arg lnase  p repara t ions  from DEAE-ce11uIose column.

(A ) .  25 ml of  d la lyzed  bovine l i v e r  sample a f t e r  heat

t re a tm e nt  was put  onto a DEAE-ce llu lose column (3 x 53 cm).

The column was e lu ted  w ith  0 .05  M T r l s - H C I ,  pH 7 . 8  a t  a f low  

r a t e  o f  25 m l /h r  and 10 ml f r a c t i o n s  were c o l l e c t e d .

A280 (—“*■)» un i ts /m l  arg lnase ( ----------) .

( B ) .  100 ml o f  heat  t r e a te d  bovine b ra in  sample was 

loaded onto a DEAE-cellu lose column (3 x 50 cm). The column was 

washed w ith  400 ml o f  0.01 M T r l s - H C I ,  pH 7 . 5 ,  fo l lowed by a 

l in e a r  g r a d ie n t  between 0 and 0 .15  M KCI In T r ls  b u f f e r .  Flow 

r a t e  and f r a c t i o n  s i z e  were as In 3A. A£qq (— );

unI ts /ml  arglnase ( --------- ) .
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f r a c t i o n  o f  a c t i v i t y  t h a t  Is comparable t o  the  l i v e r  a rg lnase a c t i v i t y  

In t h a t  I t  d id  n o t  b ind  t o  DEAE-ceI I u I o s e )  and pool B2 which e l u t e d  

betw een  0 .0 2 5 - 0 .0 8 5  M KCI.  The r e c o v e r y  o f  l i v e r  enzyme u n i t s  loaded  

o n to  t h i s  f i r s t  Ion exchange column ranged f rom  3 1 - 6 3 $ .  Com parab le  

r e s u l t s  fo r  the  bra in  were: 13-41$ In pool B1 and 18-48$ In pool B2. The 

a p p l i c a t io n  o f  l i v e r  m a te r ia l  t o  DEAE-celIu lose e q u i l i b r a t e d  In 10 mM

T r l s - H C I ,  pH 7.5 I n s t e a d  o f  50 mM T r l s - H C I ,  pH 7.8  caused a m a jo r

p o r t i o n  o f  t h e  a r g l n a s e  a c t i v i t y  t o  be r e t a i n e d  on t h e  co lum n.  T h is  

a c t i v i t y  could be removed w i th  high s a l t ,  but because t h i s  s t r a te g y  did  

n o t  y i e l d  as g r e a t  a p u r i f i c a t i o n  o f  t h e  enzyme as t h e  e l u t i o n  system  

described In Methods, I t  was not  r e ta in e d  as an I s o l a t i o n  p r o to c o l .

A f t e r  d i a l y s i s ,  t h e  p o o l ( s )  c o l l e c t e d  f rom  t h e  DEAE-ceI  I u I o s e  

column was loaded onto a c a t io n  exchange column o f  CM-ceI Iu Iose .  F ig .  4 

conta ins  the  e l u t io n  p r o f i l e  o f  a l i v e r  p re p a ra t io n .  Placement o f  e i t h e r  

b ra in  pool onto t h i s  column gave an e l u t io n  p r o f i l e  s i m i l a r  to  the  l i v e r  

sample. Some p u r i f i c a t i o n  was achieved In t h i s  s tep ,  as seen In Tables  

1, 2B, and 2C, because contam inat ing  p ro te ins  did bind t o  the  C M -c e I lu 

lose, and could be subsequently removed w i th  high s a l t  (0.5 M KCI,  data  

n o t  shown).  The f r a c t i o n s  c o n t a i n i n g  a r g l n a s e  a c t i v i t y  w ere  p o o le d ,

concentrated and stored a t  -20°C.

The concentrated enzyme s o lu t io n  from the  C M -ce l lu lo se  column (5 -  

10 ml) was thawed and put  onto a Sephadex G-150 column (3 x 54 cm). Fig.  

5 I l l u s t r a t e s  the  ar>d arglnase a c t i v i t y  e l u t io n  p a t te rn s  a f t e r  one

round o f  gel f i l t r a t i o n .  The cen te r  o f  the  l i v e r  a rg lnase a c t i v i t y  peak 

( F i g .  5A) was a t  f r a c t i o n  57. R e a p p l I c a t l o n  o f  a c t i v e  f r a c t i o n s  t o  t h e  

column y i e l d e d  enzyme a c t  I v I t y  I oca I I zed a t  t h e  I e a d In g  edge o f  t h e
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F ig .  4 .  Elu+Ion p r o f i l e  o f  bovine l i v e r  a rg lnase  
on CM -ce I lu lose  column.

130 ml o f  the  d la lyzed  pool from the  DEAE- 

cel  lu lose  column were placed on a CM -ce I lu lose  column 

(3 x 53 cm). The sample was washed through the  column w ith  

0.01 M T r l s - H C I ,  pH 7 . 0  a t  a f low  r a t e  o f  25 m l /h r  and 10 ml 

f r a c t i o n s  were c o l l e c t e d .  A20q 

u n l ts /m l  a rg lnase ( -  ------) .
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F ig .  5 .  E lu t io n  p r o f i l e s  o f  bovine l i v e r  and b ra in  arglnase  
pools on Sephadex G-150 column

The severa l  p repara t ions  recovered from a CM-ce I lu lose  

column were, a f t e r  concen tra t ion  using PM-30 D la f low  pressure  

u l t r a f 1 1 t r a t l o n ,  app l ied  to  a Sephadex 6 -150  column (3 x 54 cm). 

The column was e lu ted  w i th  0.01 M Tr ts -HCI  + 0 .05  M NaCI,  pH 7 .5  

a t  a f low r a t e  o f  18 m l / h r ,  and 3 ml f r a c t i o n s  were c o l l e c t e d .  

^280 un i ts /m l  a rg lnase ( —  - ) .

A. 5 ml o f  bovine l i v e r  pool L1 .

B. 6 .5  ml o f  bovine b ra in  pool B1.

C. 4 . 7  ml of  bovine b ra in  pool B2.
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b u f f e r  f r o n t  (data not shown).

The e l u t io n  p r o f i l e  f o r  b ra in  pool B1 on Sephadex G-150 Is shown In 

Fig .  5B. Arglnase a c t i v i t y  was found between the  f i r s t  two p r o te in  peaks 

( t h e  g r e a t e s t  a c t i v i t y  was noted  a t  f r a c t i o n  5 3 ) .  On t h e  second run  

th ro u g h  t h e  ge l  m a t r i x ,  a r g l n a s e  e l u t e d  as one peak c e n t e r e d  a g a in  a t  

f r a c t i o n  53 (data not shown).

F i g .  5C shows t h e  e l u t i o n  p a t t e r n  o f  b r a i n  pool B2 a f t e r  one pass  

th ro u g h  t h e  G -150  co lum n:  t h e  s i n g l e  peak o f  a r g l n a s e  a c t i v i t y  was 

centered a t  f r a c t i o n  52 between th e  weak shoulder and the  major p ro te in  

band. R eapp I Ica t lon  o f  pool B2 t o  the  Sephadex (data not  shown) produced 

s I m11ar p r o f  I Ies  o f  A2 Q0 and enzyme m a te r  I a I , a I though t h e  g r e a t e s t  

arg lnase a c t i v i t y  was found a t  f r a c t i o n  56.

A 140-180 mg amount o f  p ro te in  from the  Sephadex G-150 column was 

p la c e d  on a h y d ro p h o b ic  column o f  O c ty l  Sepharose .  F i g .  6 shows t h e  

r e s u l t i n g  A230 and a r g l n a s e  a c t i v i t i e s  o f  t h e  e l u a n t .  L i v e r  a r g l n a s e  

e lu ted  as a broad, I l l - d e f i n e d  peak (Fig.  6A). Never the less ,  the  enzyme 

a c t i v i t y  was d iv ided  In to  two pools (designated L1A and L1B) which were 

c o n c e n t r a t e d  a f t e r  a d i a l y s i s  s te p  which removed t h e  e t h y l e n e  g l y c o l  

t h a t  I n t e r f e r e s  w i th  c o n cen tra t ion .  Pool L1B was made 40$ sa tura ted  In 

ammonium s u l f a t e ,  and then was reapp l ied  to  a second, s m a l le r  column o f  

Octyl Sepharose. The A2qq and enzyme a c t i v i t y  p r o f i l e s  from . th is  column 

run are  presented In F ig .  7A. Although arg lnase was broadly  d i s t r i b u t e d  

t h r o u g h o u t  t h e e l u t l o n  p r o f i l e ,  o n l y  one poo I , a g a In  c a I I e d  L 1B, was 

processed f o r  an a lys is  as d e t a i le d  In Methods. I t  e lu ted  between appro

x im a te ly  52-80$ e thy lene  g ly c o l .

In a p r e l i m i n a r y  e x p e r i m e n t ,  a s m a l l  p o r t i o n  o f  pool L1B ( f r o m



F ig .  6 . E lu t io n  p r o f i l e s  o f  bovine l i v e r  and b ra in  arg lnase  
pools on the  f i r s t  Octyl Sepharose column.

The d la ly z e d  p repara t ions  recovered from two runs on 

G-150 were made 40$ sa tu ra ted  In ammonium s u l f a t e ,  and were 

loaded onto an Octyl Sepharose column. The column was washed with  

10 mM potassium phosphate, pH 7 . 0 ,  0 .2  mM DTT, 40$ sa tura ted  w ith  

ammonium s u l f a t e .  E lu t io n  was accomplished by a l in e a r  g r a d ie n t  

of  decreasing ammonium s u l f a t e  and Increasing e thy lene  g lycol  

c on cen tra t ion  ( f i n a l  concentra t ions  0$ and 80$, r e s p e c t i v e l y ) ,  

fo l lowed by 3 -4  column volumes o f  80$ e thy lene  g lycol  In b u f f e r .  

Flow r a t e  was 25 m l / h r ,  and 3 ml f r a c t i o n s  were c o l l e c t e d .

^280 u n I ts /m l  a rg lnase  ( - - - ) ;  $ e thy lene  g lycol  ( . . . ) .

A. 140 mg pool L1 was placed on a 1 x 30 cm column.

B. 142 mg pool B1 was placed on a 0 .7  x 13 cm column.

C. 184 mg pool B2 was placed on a 0 .7  x 13 cm column.
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F ig .  7 .  E lu t io n  p r o f i l e s  o f  bovine l i v e r  and bra in  arg lnase  
pools on second Octyl Sepharose column.

L iv e r  and bra in  pools c o l l e c t e d  from the  f i r s t  Octyl  

Sepharose column were loaded onto a second Octyl Sepharose 

column ( 0 .7  x 13 cm ( l i v e r ) )  or  ( 0 . 7  x 6 . 5  cm ( b r a i n ) ) .  E lu t io n  

was the  same as In f i g u r e  6 . 2 ml f r a c t i o n s  were c o l l e c t e d  a t  a

f low r a t e  o f  25 m l / h r .  A2gg ( “ ■“ ) ;  un l ts /m l  arg lnase ( ---------- );

estimated % e th y le n e  g lycol  ( . . . ) .

A. 12 mg l i v e r  popl LIB

B. 13 mg b ra in  pool B1A

C. 6 mg bra in  pool B1B

D. 6 .5  mg b ra in  pool B2A

E. 4 .3  mg b ra in  pool B2B
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O c ty l  Sepharose run 1) was t e s t e d  f o r  I t s  a b i l i t y  t o  b ind  t o  a M a t r e x  

Gel PBA-30 (Am Icon) column. This gel conta ins m-amI nophenyl borOnIc ac id  

c o v a le n t ly  coupled t o  agarose which i n te r a c ts  w i th  c i s - d i o l  con ta in ing  

molecules such as carbohydrates and g lycop ro te ins .  The arg lnase  in the  

l i v e r  sample bound t o  th e  g e l ,  and was re leased by 25 mM mannitol as a 

s in g le  peak o f  a c t i v i t y  and p r o te in .  This r e s u l t  Im p l ies  the  presence o f  

c i s - d i o l  groups on arg  I nase which compete  f o r  b i nd I ng t o  t h e  PBA w i t h  

m annito l .  A l t e r n a t i v e l y ,  a t tachment may a r i s e  from hydrophobic or  ion ic  

In te ra c t io n s  between c e r t a i n  amino acids In the  p ro te in  and the  phenyl 

r ings  bound t o  the  gel m a t r ix .  The I n t e r a c t i o n ,  whatever i t s  na ture ,  Is 

weak and e a s i l y  broken. The u t i l i t y  of  t h i s  method as a l a t e  step In the  

p u r i f i c a t i o n  o f  a r g l n a s e  was n o t  pursu ed ,  b u t  p r o b a b ly  shou ld  be 

Inves t iga ted  In g r e a t e r  depth because the  e l u t io n  cond i t ions  are not as 

s e v e r e  as t h o s e  r e q u i r e d  by h yd ro p h o b ic  ch ro m a to g ra p h y  on  O c ty l  

Sepharose.

F i g .  6B i l l  u s t r a t e s  t h e  r e s u l t  o f  a p p ly i n g  b r a i n  pool B1 t o  O c ty l  

Sepharose. Some arg lnase a c t i v i t y  appeared in the  f low - through  peak, but  

t h e  m a j o r i t y  o f  I t  was r e c o v e r e d  among t h e  g r a d i e n t  f r a c t i o n s  as two  

c l e a r l y  def ined species whose peaks were located a t  f r a c t io n s  30 and 40, 

r e s p e c t iv e ly .  Pool B1A reap p l ied  to  an Octyl Sepharose column (Fig . 7B) 

showed one large p r o te in  peak which contained the arg lnase a c t i v i t y  as 

w e l l .  I t  was e l u t e d  f ro m  t h e  O c ty l  Sepharose In 1 0 -3 3 $  o f  e t h y l e n e  

g ly c o l .  When pool B1B was put back onto the  hydrophobic column (Fig.7C),  

^280 ma+er*a l and enzyme a c t i v i t y  did not correspond. The ex is tence  of  

tw o  d i s t i n c t  a r e a s  o f  a r g l n a s e  a c t i v i t y ,  as was t h e  case In F i g .  6 B, 

ind icated t h a t  complete separa t ion  of  the  two Isozymes was not e f fe c te d



by a s in g le  a p p l i c a t io n  o f  the  b ra in  m a te r ia l  t o  the  column. The use of  

43-74/S e t h y l e n e  g l y c o l  In b u f f e r  c o u ld  e l u t e  t h e  m a jo r  a r e a  o f  enzyme  

a c t i v i t y  (pool B1B).

The p l a c e m e n t  and s ub s eque nt  rem ova l  o f  pool B2 f rom O c ty l  

Sepharose Is  seen In F i g .  6C. Two peaks o f  a r g l n a s e  a c t i v i t y  w ere  seen  

as w i th  b ra in  B1, but the  re s o lu t io n  In to  two separate  species was not  

as sharp. Pool B2A (which lay midway between the  two a c t i v i t y  peaks and 

so presumably conta ined m a te r ia l  from both) and pool B2B were s e p a r a te ly  

r e lo a d e d  o n to  a second O c ty l  Sepharose co lum n.  The r e s u l t s  o f  t h e i r  

e lu t io n  from these columns appear In Figs.  7D and 7E, and are  comparable  

to  those o f  B1A and B1B (F igs .  7B and 7C). Pool B2A came o f f  between 15-  

29? e thy lene  g l y c o l ,  w h i le  pool B2B e lu ted  In 45-70? e thy lene  g l y c o l .

Al I p r e p a r a t i o n s  I s o l a t e d  a f t e r  t h e  second O c ty l  Sepharose s te p  

were labeled as ' p u r i f i e d 1 and mainta ined a t  -20°C  u n t i l  analyzed.  Some 

loss o f  a c t i v i t y  was noted a f t e r  several  months s to rage .

T a b le  1 p r e s e n t s  t h e  r e s u l t s  o f  t h e  b o v in e  l i v e r  a r g l n a s e  

p u r i f i c a t i o n  protocol  s t a r t i n g  from 1.5 kg wet  weight.  The p u r i f i c a t i o n  

o f  enzyme L1B was a b o u t  3 0 0 - f o l d  w i t h  a 0.7? r e c o v e r y  o f  s t a r t i n g  

arg lnase a c t i v i t y .  A second Isozyme, pool L1A, was p u r i f i e d  2 6 - f o ld  a t  a 

recovery o f  0 .25? .

T a b le s  2A, 2B, and 20 show t h e  p u r i f i c a t i o n  o f  b o v in e  b r a i n  

arginases (see In t ro d u c t io n  f o r  a complete d e s c r ip t io n  o f  the  arg lnase  

n o m e n c la tu r e  used In t h i s  s t u d y )  f rom  more th an  22 kg o f  t i s s u e .  The 

pools corresponding t o  L1B (as shown by t h e i r  s i m i l a r  e l u t i o n  from Octyl  

S e p h a ro s e ) ,  named B1B and B2B, were r e c o v e r e d  a t  a y i e l d  o f  0.6? and 

0.5?, r e s p e c t iv e ly .  The p u r i f i c a t i o n  f o r  both o f  these prepara t ions  was



TABLE 1 PURIFICATION OF ARGINASES FROM BOVINE LIVER (1 )

Procedure ml To ta l
mg

( 2 )

Total
u n i ts

x 105

unlt /mg Y ie ld
%

Fold
P u r i f i c a t i o n

E x t ra c t io n 4625 1.67  x 105 4 .65 2 .7 9 100

Heat 125 5925 2 .15 36 .26 46 .2 13.0

DEAE-ce11uIose 273 1262 1.06 83.91 22 .8 30.1

CM-ce11uIose 17.3 598 0 .86 143.17 18.4 5 1 .3

Sephadex 6-150  
a f t e r  2 runs

7 .5 51 .5 0 .20 389.23 4 .3 139.5

Octyl Sepharose 
a f t e r  2 runs 

L1A 
L1B

2 . 0
4.1

16
3 .9 9

0.011
0 .033

73.41
833 .54

0.25
0 .70

26 .3
298 .7

(1 )  S t a r t in g  m ate r ia l  was 1530 g f rozen  bovine l i v e r

(2) P ro te in  determined by Warburg and C h r is t ia n  (1942) method f o r  a l l
procedures except oc ty l  sepharose c h r o m a to g r a p h y .  P r o t e i n  assayed In
t h a t  step by Bradford (1976) reage n t .



TABLE 2A IN IT IA L  STEPS IN PURIFICATION OF ARGINASES
FROM BOVINE BRAIN (1 )

Procedure mI T o t a 1 
mg 
( 2 )

Total
u n i ts

unIt /mg Y ie ld
%

Fold 
P u r l f I c a t l o n

Ex t ra c t io n
(3)

65000 338500 9013 0 .026 100

Heat 606 13900 5774 0 .410 64.1 15.8

DEAE-cel1ulose  
Pool 1 
Pool 2

116.5  1739 
72 .8  2289

1462
2106

0 .84
0 .92

16.2
2 3 .4

32 .3
3 5 .4

(1 )  S t a r t i n g  m a t e r i a l  was a p p r o x i m a t e l y  22 .5  kg f r o z e n  b o v in e  b r a i n .  
Each b ra in  weighs 350-400  g .

(2)  P ro te in  determined by Warburg and C h r is t ia n  (1942)  method.

(3) Values shown fo r  t h i s  step are  averages obtained a f t e r  assaying 5 -7  
d i f f e r e n t  b ra in  e x t r a c t s .



TABLE 2B CONTINUED PURIFICATION OF BOVINE BRAIN 1 ARGINASE
AFTER DEAE-CELLULOSE

Procedure ml Tota l
mg

Tota l
un i ts

unIt /mg Y ie ld
%

Fold 
Pur I f I c a t I o n

CM-ceI 1u 1ose 
( 1 )

6 .5 653 1056.3 1.62 11.7 62 .3

Sephadex 6 -150  
a f t e r  2 runs 

( 1)

5.1 266 732 2 .75 8.1 105.8

Octyl Sepharose 
a f t e r  2 runs 

Pool B1A 
Pool B1B

( 2 )
3 .2
2 . 6

3 . 9
0 .83

33.1
5 2 .0

8 .54
62 .53

0 .4
0 .6

328 .5
2405

(1)  P ro te in  determined by Warburg and C h r is t ia n  (1942)  method.

(2)  P ro te in  determined by Bradford (1976)  method.



TABLE 2C CONTINUED PURIFICATION OF BOVINE BRAIN 2 ARGINASE
AFTER DEAE-CELLULOSE

Procedure ml Tota l
mg

Tota l
un i ts

unlt /mg Y ie ld
%

Fold
P u r i f i c a t i o n

CM -ce I Iu Iose  
( 1)

9 .2 1537 1342 0.87 14.9 33 .6

Sephadex G-150 
a f t e r  2 runs 

( 1)
5 .2 184 728 3.95 8.1 151.9

Octyl Sepharose 
a f t e r  2 runs 

Pool B2A 
Pool B2B

( 2 )
2 .6
2 .3

0 .95
0 .59

15.1
44 .5

15.85
75 .29

0 .2
0.5

609 .6
2896

(1)  Pro+eln determined by Warburg and C h r is t ia n  (1942)  method.

(2 )  P ro te in  determined by Bradford (1976) method.



g r e a t e r  than 2 0 0 0 - fo ld .  Pools B1A and B2A (which are  comparable t o  L1A 

by t h e  c r i t e r i o n  o f  e l u t i o n  p o s i t i o n  f rom a h yd ro p h o b ic  co lum n)  were  

p u r i f i e d  3 2 0 - f o l d  and 6 1 0 - f o J d ,  r e s p e c t i v e l y ,  and t h e i r  r e s p e c t i v e  

y ie ld s  were approx im ate ly  0.4? and 0.2%.

Because t h e  I s o l a t i o n  scheme gave low r e c o v e r i e s  o f  enzyme,  t h e  

p u r i t y  a n a l y s i s  o f  t h e  I s o l a t e d  p r o t e i n s  was d i f f i c u l t .  A l l  o f  t h e  

methods described In Methods were employed t o  c h a r a c t e r i z e  L1B argfnase,  

b u t  o n l y  some o f  them were  a p p l i e d  t o  L1A and t h e  s e v e r a l  b r a i n  

arg lnases .

Characteclzailfln. o ±  ih s . Enzymes.

A c t iv a t io n  Propertie s

The pH optimum o f  both L1A and L1B arglnase was pH 10.0. These two  

prepa ra t ions ,  as wel l  as the  b ra in  arglnases t h a t  were p u r i f i e d  In t h i s  

s t u d y ,  were  1 4 -2 0  t i m e s  more a c t i v e  a t  pH 9.5 than  a t  pH 7 .0 .  D! lu te d  

sam ples  o f  L1B and L1A ( a t  a c o n c e n t r a t  I on o f  0.25  pg/m I and 3 .0  pg/m I , 

r e s p e c t iv e ly )  were te s te d  f o r  a c t i v a t i o n  by exogeneously added Mn and 

Co^+ . Mn^+ In c r e a s e d  t h e  a c t i v i t y  o f  L1A 3 - f o l d ,  and I t  enhanced t h e  

a c t i v i t y  o f  L1B 1 . 6 - f o l d .  Co^+ appeared t o  have a m in o r  I n h i b i t o r y  

e f f e c t  on the  a c t i v i t y  o f  both samples (data not shown).

Aj. DJ_g_g. Ggl E|,.ectrQphp.r.9.S|-5-

The l i v e r  and b ra in  arg lnase prepara t ions  Iso la te d  a f t e r  two rounds 

o f  hydrophobic chromatography on Octyl Sepharose were analyzed by po ly 

acry lam ide  d isc  gel e le c t ro p h o re s is .  5% acry lam lde  was used because I t
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al lowed arglnase to  m ig ra te  t o  a mfdposf tfon In the  ge l .

E lec t ropho res is  was performed as descr ibed In Methods. Although none o f  

t h e  poo ls  e x c e p t  B1A showed a w e l l - d e f l n e d  sharp  d i s c  o f  p r o t e i n  

(see below f o r  a discussion o f  t h i s  problem),  p re -e le c t r o p h o r e s ts  o f  the  

separa t ing  gel t o  remove o x i d a t i v e  contaminants was found t o  sharpen the  

broad band o f  s t a l n a b l e  m a t e r i a l ,  and so p r e - e I e c t r o p h o r e s  Is  was 

r o u t in e ly  performed be fore  apply ing samples t o  the  top o f  the  s tack ing  

g e l .

Disc gels  were removed from t h e i r  tubes,  and e i t h e r  s ta ined  w i th  

B u f fa lo  Black, or  Imm edia te ly  s l ic e d  In to  2 mm pieces which were assayed 

I n d i v i d u a l l y  f o r  enzyme a c t i v i t y  as reported In Methods.

F i g .  8 shows t h e  s t a i n e d  g e l s  o b t a i n e d  w i t h  5% a c r y l a m l d e  a t  pH 

9 .5 .  An e x a m i n a t i o n  o f  g e l s  1 - 3  (L1B,  B1B, B2B, r e s p e c t i v e l y )  r e v e a l s  

w ide  expanses o f  I I g h t  I y s t a  I ned p r o t e  I n. The c e n t e r  o f  each o f  t h e s e  

areas was located app ro x im ate ly  2.1 cm from the  o r i g i n .  This Is a mis

leading comparison, however,  as Is  apparent from the  densitom eter  scans 

shown In F i g .  9. The gel  c o n t a i n i n g  L IB  a r g l n a s e  ( F i g .  9A) has a s i n g l e  

symmetr ical  band o f  p r o te in  and enzyme a c t i v i t y ,  as does t h a t  conta in ing  

B2B p r o t e i n  ( F i g .  9C).  The most I n t e n s e l y  s t a i n e d  p r o t e i n  In B1B ( F ig .  

9B) migrates to  the  same locat ion  as L1B, and In a d d i t io n ,  t h i s  prepar

a t io n  has a shoulder  o f  p ro te in  on the  lagging edge o f  the  p ro te in  peak. 

This Is  a c o n s is te n t  r e s u l t  w i th  a rg lnase B1B. These data may In d ic a te  

some d i f f e r e n c e s  In s i z e  and/or  charge between arglnase enzymes tn the  

two t is s u e s .  Whi le  the  m ig ra t io n  o f  arg lnase B2B through the  p o ly a c r y l 

amide gel Is g ro ss ly  s i m i l a r  t o  t h a t  o f  the  o ther  two p rep a ra t io n s ,  I t  

does d i f f e r  In t h a t  some o f  the  s ta ined  m a te r ia l  Is c lo s e r  to  the anode



F ig .  8 . Disc gel e le c t ro p h o re s is  o f  p u r i f i e d  b ra in  and l i v e r  
arg lnases .

Approximately  30 pg o f  each pool from th e  second Octyl  

Sepharose column was loaded onto a 5% acry lamlde g e l ,  pH 9 . 5 .

Gels are  shown with  the  o r i g i n  a t  the  to p ,  the  dye f r o n t  a t  the  

bottom. F u l l  d e t a i l s  f o r  e le c t ro p h o re s is  a re  given In Methods. 

From l e f t  t o  r i g h t :  (1 )  LIB; (2 )  BIB; (3 )  B2B; (4 )  L1A;

(5 )  B1A; ( 6 ) B2A.
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F ig .  9 .  Comparison o f  densitometry  scans a t  620 nm o f
5$ aery  I amide d isc  ge ls  o f  L1B and B1B arg lnase  
with th e  enzyme a c t i v i t y  p r o f i l e .

D u p l ic a te  ge ls  o f  5% aery I amide, pH 9 .5  were loaded 

w i t h  3 0  ng o f  t h e  a p p r o p r i a t e  p r o t e i n  p o o l .  A f t e r  

e le c t r o p h o r e s is ,  one gel from each p a i r  was s ta ined  f o r  p r o t e i n ,  

and the  o th e r  was assayed f o r  a rg lnase a c t i v i t y .  The gel Is 

shown w ith  the  o r i g i n  t o  the  l e f t ,  the  dye f r o n t  to  the  r i g h t .  

Ful l  d e t a i l s  f o r  e le c t r o p h o r e s is  and arg lnase assay are given  

In Methods.

A. LIB

B. B1B

C. B2B (densi tometry  scan on ly )
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( F i g s .  8 and 9 ) .  T h is  f a c t  c o r r e l a t e s  w i t h  I t s  b e h a v i o r  on DEAE- 

c e l  l u l o s e .  B2B a r g l n a s e  b in d s  t o  t h e  DEAE-cel l u l o s e  whereas t h e  o t h e r  

tw o  a r g l n a s e s  do n o t ,  and so t h e  B2B p r o t e i n  must be more n e g a t i v e l y  

charged.

F i g s .  9A and 9B show t h e  r e s u l t s  o f  a s s a y in g  t h e  s l i c e d  g e l s  o f  

LIB and B1B f o r  arg lnase a c t i v i t y .  There Is an e x c e l l e n t  correspondance  

between t h e  s t a i n i n g  p a t t e r n  and t h e  e n z y m a t i c  a c t i v i t y  p r o f i l e .  The 

shoulder o f  s lower  m ig ra t in g  p r o te in  m a te r ia l  In the  b ra in  p repara t io n  

conta ins  a s i g n i f i c a n t  amount o f  arglnase a c t i v i t y ,  perhaps In d ic a t i v e  

o f  a g r e a t e r  h e t e r o g e n e i t y  In t h e  c h a rg e  a n d / o r  s i z e  o f  t h e  a c t i v e  

enzyme molecules. The 1 0 - fo ld  h igher a c t i v i t y  o f  the  l i v e r  s l i c e s  should 

be noted  as w e l l  because I t  ag re e s  w i t h  t h e  d a t a  In T a b le s  1 and 2B 

showing the  g r e a t e r  s p e c i f i c  a c t i v i t y  o f  the  p u r i f i e d  l i v e r  f r a c t i o n .

A n a l y s i s  o f  g e l s  4 - 6  In F i g .  8 r e v e a l s  t h a t  t h e  same k in d  o f  

r e la t io n s h ip s  e x i s t  between the  m ig ra t io n  pa t te rns  of  L1A, B1A, and B2A 

as betw een  th o s e  o f  L1B, B1B, and B2B. T h e re  a r e  s lo w e r  m i g r a t i n g  p r o 

t e i n s  In t h e  B1A p r e p a r a t i o n  th an  a r e  found In L1A. T h e re  was a v e ry  

s i I g h t  I n d i c a t i o n  o f  p r o t e i n s  band ing  as s h a rp ,  compact  d i s c s  In t h e  

a r g l n a s e  L1A sam ple  a t  1.8 cm and 2.1 cm from t h e  o r i g i n .  Because  

arg lnase c h a r a c t e r l s t f c a l l y  presents I t s e l f  a f t e r  d isc  gel e le c t ro p h o r 

es is  as a homogeneous, but  d i f f u s e  band (Schlmke, 1964; Hirsch-Kolb  and 

Greenberg, 1968), the  ex is tence  o f  these sharp bands may In d ic a te  con

t a m i n a t i o n  o f  t h e  L1A a r g l n a s e  (h o w e v e r ,  see below f o r  a f u r t h e r  

discussion o f  t h i s  unusual appearance o f  l i v e r  arg lnase dur ing e l e c t r o 

p h o r e s i s ) .  As m ig h t  be p r e d i c t e d ,  B2A, o v e r a l l ,  has some components  

which run more qu ic k ly  than the  o th e r  two samples.



A comparison between Isozymes d is t in g u is h a b le  by t h e i r  hydrophobic

I n t e r a c t io n s  w i th  Octyl Sepharose (F ig .8: compare ge ls  1 and 4j 2 and 5j

3 and 6) revea ls  no s t r i k i n g  d i f f e r e n c e s .  A general t rend toward g r e a t e r

anodic m ig ra t io n  was observed, however,  f o r  those p repara t ions  which

bind more f i r m l y  t o  the hydrophobic support .

S t a i n i n g  o f  t h e  g e l s  w i t h  C o o m a s s l e  b r i l l i a n t  b l u e  R In

m e t h a n o l : a c e t l c  a c i d ,  o r  t r i c h l o r o a c e t i c  a c id  d id  n o t  sharpen  t h e

banding p a t te rn  o f  the  samples.

Because p ro te in s  are  separated on d isc  gel e le c t ro p h o re s is  on the

bases o f  d i f f e r e n c e s  In m o l e c u l a r  w e i g h t  a n d / o r  c h a r g e ,  t h e  d i f f u s e

bands observed  f o r  a r g l n a s e  ( F i g .  8 ) m ig h t  a r i s e  f rom  t h e  o v e r l a p  In

m i g r a t i o n  o f  a number o f  p r o t e i n s  whose s i z e  and c h a rg e  d i f f e r e d  o n l y

m in im a l ly .  The f a c t  t h a t  most o f  the  procedures used In the  p u r i f i c a t i o n

o f  arg lnase r e l i e d  f o r  t h e i r  success on d i f f e r e n t i a l s  In p ro te in  charge

9+and s i z e  s u p p o r ts  t h i s  e x p l a n a t i o n .  The loss o f  Mn f rom  t h e  enzyme

d u r i n g  e l e c t r o p h o r e s i s  m i g h t  a l s o  a l t e r  t h e  p r o t e i n ’ s c h a r g e

c h a r a c t e r i s t i c s ,  c a u s in g  a s i n g l e  n a t i v e  p o l y p e p t i d e  t o  a p p ear  as a

d i f f u s e  band. Such an e f f e c t  has been r e p o r t e d  f o r  I r i s  b u lb  a r g l n a s e

( B o u t i n ,  1982 ) .  To d e t e r m i n e  w h e th e r  t h e  same phenomenon a p p l i e s  t o

bovine l i v e r  and bra in  arg lnase p r o te in s ,  5% acry lamlde ge ls  were run as

before ,  except  t h a t  a I I o f  the  gel and b u f f e r  s o lu t io n s  were f i r s t  made

1 mM In EDTA or  1 mM In manganous c h lo r id e .  Enzyme pools were a lso  made

10 mM In th e s e  compounds, and th e y  were  In cu b a ted  a t  37°C  f o r  15 mln

before  e lec t ro p h o re s is  t o  ensure the  removal or  a d d i t io n  o f  s u f f i c i e n t

metal t o  s a tu r a te  the  c o fa c to r  binding s i t e s  (Aguirre  and Kasche, 1983).

9+The outcome appears  In F i g .  10. I n c l u s i o n  o f  Mn led t o  a c o n s i s t e n t



F ig .  10. Disc gel e le c t ro p h o re s is  o f  p u r i f i e d  bra in  and 
l i v e r  arglnases run In the  presence o f  
1 mM EDTA or  1 mM MnCI2 .

Approximately  30 (xg o f  each pool from the  second 

Octyl Sepharose column was loaded onto a 5% aery I amide g e l ,  

pH 9 . 5 .  The f i r s t  gel In each p a i r  (A) contained 1 mM EDTA, 

and the  second gel (B) contained 1 mM MnCI2 . The ge ls  a re  

shown with th e  o r i g i n  a t  the  to p ,  the  dye f r o n t  a t  the bottom.  

From l e f t  t o  r i g h t :  (1A & B) L1B; (2A & B) L1A; (3A & B) B1A; 

(4A & B) B1B; (5A & B) B2A; ( 6A & B) B2B.
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sharpening o f  the  p r o te in  band (compare F ig .  8 and gel B In each p a i r  o f  

g e l s  In F i g .  10) .  T h i s  r e s u l t  was most pronounced f o r  pool B1A. Use o f  

EDTA, In c o n t r a s t ,  caused a broadening o f  the  p ro te in  band. C he la t ion  of  

t h e  arg  I nase co f a c t o r  a I so resu  I t e d  I n t h e  a g g r e g a t i o n  o f  L1A and B1A 

p r o t e i n  a t  t h e  o r i g i n  o f  t h e  ge l  ( F i g .  10, g e l s  2A and 3A).  T h i s  e f f e c t  

was not  as n o t ic e a b le  f o r  the  B1B and B2A arg lnases,  and I t  probably  did  

n o t  o cc u r  w i t h  t h e  L1B and B2B p r e p a r a t i o n s .  A f u r t h e r  consequence o f  

EDTA t r e a t m e n t  was t h e  r e l e a s e  o f  a h i g h l y  charged  p r o t e i n  which  

m ig r a t e d  t o  a p o s i t i o n  J u s t  above t h e  dye f r o n t .  T h is  s h a r p ,  d i s c o i d  

band was v e r y  p r o m i n e n t  In B1B a r g l n a s e  ( F i g .  10, ge l  4A),  b u t  I t  was 

present  In the  o th e r  p repa ra t ions  as w e l l .  EDTA had a unique In f luence  

on t h e  e l e c t r o p h o r e t i c  m i g r a t i o n  o f  t h e  B1B pool In t h a t  a d i s t i n c t  

component  which moved t o  w i t h i n  1 cm o f  t h e  dye f r o n t  was a p p a r e n t  In 

t h i s  sample a lone.  These experiments In d ic a te  t h a t  the  removal o f  metal  

Ions does modify th e  behavior  o f  arg lnase during e le c t r o p h o r e s is ,  and 

t h e r e f o r e  e l e c t r o p h o r e s i s  s h o u ld  r o u t i n e l y  be run In t h e  p re s e n c e  o f  

Mn^+ .

Pools L1A and L1B were a lso  subjected t o  e le c t ro p h o re s is  on d isc  

g e l s  which c o n t a i n e d  6 M u r e a .  Each o f  them appeared  as a n a r r o w ,  

a l th o u g h  d i f f u s e  band o f  l i g h t l y  s t a i n e d  m a t e r i a l .  They must be d i f f 

e r e n t  p r o te in s ,  however,  because L1A migrated 7 mm from th e  o r i g i n  o f  

t h e  g e l ,  and L1B moved 15 mm from t h e  o r i g i n  ( d a t a  n o t  shown).  T h is  

r e i n f o r c e s  t h e  I n f o r m a t i o n  d e t e r m in e d  d u r in g  t h e  p u r i f i c a t i o n  o f  t h e  

l i v e r  Isozymes where i t  was demonstrated (F ig .  6A) t h a t  the  two p ro te ins  

c o u ld  be removed f rom  O c ty l  Sepharose  us ing  d i f f e r e n t  amounts o f  

e t h y I e n e  g I y c o l .



Because o f  th e  lack o f  sharp, d l s c - l f k e  bands on e le c t r o p h o r e s is  of
O j.

the  denatured and n a t i v e  p ro te in  (even In the  presence o f  added Mn ),  

both t h e  L1B and B1B arg lnases  were analyzed by e le c t ro p h o re s is  a t  

pH 2 . 3 .  H a re l l  and Sokolovsky (1972) reported  t h a t  ac id t re a tm e n t  o f  

bovine l i v e r  a r g l n a s e  a t  pH2.6 causes d i s s o c i a t i o n  I n t o  I t s  s u b u n i t s .  

Although e l e c t r o p h o r e s i s  a t  pH 2.3  sho u ld  s u b s t a n t i a t e  t h  Is  resu  I t ,  

t h i s  m ethodo logy  was n o t  s u c c e s s f u l .  Broad bands were  a g a in  o b s e rv e d .  

The c o m p o s i t i o n  o f  t h e  enzyme f rom  t h e t w o t I s s u e s I s d f f f e r e n t ,  

nonetheless, because th e  l i v e r  p r o te in  moved t o  the  midpoin t  o f  th e  gel 

w h i l e  t h e  b r a i n  p r e p a r a t i o n  r e m a in e d  c l o s e  t o  t h e  o r i g i n  ( d a t a  not  

shown)

EL Subunit  MolecuJar MeJgfrt Determinat ion

lL.Qn& P.1 mfiflsJ.fln.al S M  g a l ElflgJraaiiaEas-La* The s e v e r a l  p o o ls  o f  

l i v e r  and bra in  arg lnase from Octyl Sepharose f r a c t i o n a t i o n  were separ

a te d  by e l e c t r o p h o r e s i s  on 7 .5$  a c r y l a m l d e  g e l s  c o n t a i n i n g  SDS (SDS-  

PAGE) In o r d e r  t o  d e t e r m i n e  t h e  number and m o l e c u l a r  w e ig h ts  o f  t h e i r  

subunits .  E lec t ropho res fs  was conducted as described In Methods. F ig .  11 

shows the  r e s u l t  o f  the  an a ly s is .  A s i n g le  band was observed f o r  each o f  

t h e  l i v e r  p r e p a r a t i o n s ,  w h i l e  t h e  b r a i n  sam ples  c o n t a i n e d  m u l t i p l e  

p r o te in s .

A s t a n d a rd  c u r v e  was made us ing  t h e  r e l a t i v e  m o b i l i t i e s  o f  t h e  

prote ins  In the  Pharmacia m ix tu re ,  and t h i s  curve Is presented In Fig.  

12. The m o l e c u l a r  w e ig h t s  (Mp ) o f  t h e  s u b u n l t ( s )  f o r  each p r e p a r a t i o n  

e s t i m a t e d  by t h i s  method a r e  found In T a b le  3.  The less  h yd ro p h o b ic  

I I v e r  and b r a i n  poo ls  (p o o ls  L1A, B1A, B2A) have t h e  same Mp. B1A has a
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F ig .  11. SDS-polyacrylamlde gel e le c t ro p h o re s is  o f  
l i v e r  and b ra in  a rg lnases .

5 -10  pg o f  sample p ro te in  was app l ied  t o  a 1,5%

SDS polyacry lamide g e l .  Gels are  shown with  the  o r i g i n  a t  the  

to p ,  the  dye f r o n t  a t  the  bottom. F u l l  d e t a i l s  for  

e le c t ro p h o re s is  a re  given In Methods. From l e f t  t o  r i g h t :

(1)  L1B; (2)  B1B; (3)  B2B; (4 )  L1A; (5 )  B1A; ( 6 ) B2A;

(7 )  low molecular weight  standard mix ture  (Pharmacia) .  See 

legend t o  F i g .  12 fo r  the  composit ion o f  the  standard mix.
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F ig .  12. C a l i b r a t i o n  curve f o r  SDS-polyacrylamlde  
gel e l e c t r o p h o r e s is .

The standards Included th e  fo l lo w in g  p ro te in s :  

phosphorylase b (p ,  9 4 , 0 0 0 ) ,  bovine serum albumin ( a ,  6 7 , 0 0 0 ) ,  

ovalbumin (o ,  4 3 , 0 0 0 ) ,  carbonic  anhydrase ( c ,  3 0 , 0 0 0 ) ,  

t r y p s in  I n h i b i t o r  ( t ,  2 0 , 1 0 0 ) ,  and ot-1 acta  I bumIn ( I ,  1 4 ,4 0 0 ) .
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TABLE 3

COMPARISON OF SUBUNIT MOLECULAR WEIGHTS OF BOVINE 

ARGINASE ISOZYMES DETERMINED BY SDS POLYACRYLAMIDE

ELECTROPHORESIS

Enzyme Source Octyl Sepharose Octyl Sepharose
Pool A Pool B

L iv e r  L1 49 ,900  37 ,800

Brain B1 61 ,100  69 ,300
50,600  49,400

Brain B2 49,400 79,100
70,300



second la rg e r  subunit  as w e l l  (F ig .  11, gel 5). This represents  e i t h e r  a 

contaminant ,  o r  a d i s t i n c t i v e  s u b u n i t  c o m p o s i t i o n  f o r  t h i s  p a r t i c u l a r  

Isozyme.

The more h y d ro p h o b ic  b r a i n  a r g l n a s e s  (p o o ls  B1B and B2B) do not  

s h a r e  a common s i z e d  s u b u n i t  w i t h  t h e  c o m p a ra b le  l i v e r  enzyme (pool  

L1B).  B1B and B2B a p p e a r  t o  be a t  l e a s t  8 0 - 8 5 % pu re  on t h e  b a s is  o f  

d e n s i t o m e t r y  scans.  They a r e  composed o f  tw o  s u b u n i t s  t h a t  a r e  

d i s t i n c t l y  la rge r  than th e  s i n g l e  L1B subunit  (69,300 and 49,400 f o r  B1B 

vs L1B 3 7 ,8 0 0 ;  7 9 , 1 0 0  and 7 0 , 3 0 0  f o r  B2B vs 3 7 ,8 0 0  In L 1 B).

21 Two Dimensional f is l E Iec t ropho res Is  o f  LU3 and. L1A* The r e s u l t  

o f  f r a c t i o n a t i n g  t h e  L1B a r g t n a s e  by tw o  d i m e n s io n a l  e l e c t r o p h o r e s i s  

where I s o e l e c t r i c  focusing was the  f i r s t  dimension appears In F ig .  13A. 

T h e re  a r e  tw o  m a jo r  s p o ts  whose Mp was d e t e r m in e d  t o  be 3 7 , 8 0 0 ,  In 

agreement w i th  the  value obta ined on one dimensional SDS ge ls  (Table 3). 

The m ig ra t ion  o f  the  more bas ic  spot In SDS was m a r g in a l ly  s low er  than 

t h a t  o f  t h e  o t h e r  m o l e c u l e ,  p o s s i b l y  I n d i c a t i n g  a s l i g h t l y  g r e a t e r  

molecular  weight .  F ig .  13B shows a s i m i l a r  two dimensional  sep ara t io n  o f  

t h e  L1A p r o t e i n .  T h r e e  s e p a r a t e  sp o ts  a r e  o b s e rv e d .  A t r a i l  o f  b a s ic  

m a te r ia l  Is a lso  seen to  the  l e f t  o f  the  f i r s t  spot.  These p ro te in s  have 

a Mp o f  5 1 ,3 0 0  which c o r r e s p o n d s  t o  t h e  v a l u e  o b t a i n e d  on one d im en

s ional  SDS ge ls  (Table 3) .  In data not  shown, two dimensional  separa t ion  

o f  B1B a r g l n a s e  a l s o  r e s o l v e d  each s u b u n i t  ( T a b le  3) I n t o  a t  l e a s t  two  

spots. Separat ion by I s o e l e c t r i c  p o in t  showed the  la rg e r  Mp subunit  to

be a d i s t i n c t l y  more basic  p ro te in  than the  o ther  subunit .

9+The I n f l u e n c e  o f  Mn on t h e  tw o  d i m e n s io n a l  s e p a r a t i o n  o f  t h e



F ig .  13. Two dimensional sep ara t ion  o f  L1B and L1A 
a r g In a s e s .

3 fig o f  sample p ro te in  was separated by e l e c t r o 

phoresis In two dimensions. The d i r e c t i o n  o f  m ig ra t ion  In SDS 

was from top t o  bottom, and the  separa t ion  by pH was from l e f t  

to  r i g h t  (bas ic  t o  a c id ic  pH).A complete d e s c r ip t io n  o f  the  

e le c t r o p h o r e t i c  c on d i t io ns  Is given In Methods.

A. L1B

B. L1A

I
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l i v e r  p r e p a r a t i o n s  was a l s o  I n v e s t i g a t e d .  P r o t e i n  s a m p le s ,  g e l  s o l u 

t io n s ,  and b u f fe rs  f o r  the f i r s t  dimensional  separa t ion  were a l l  made 1 

mM In e i t h e r  EDTA o r  Mn2 + , and e l e c t r o p h o r e s i s  was run t h e r e a f t e r  as 

d e s c r ib e d  In M ethods .  S e p a r a t i o n  In SDS was a c c o m p l is h e d  w i t h o u t  t h e  

a d d i t io n  o f  EDTA or  Mn2+. Fig .  14 r e f l e c t s  the  e f f e c t  o f  adding Mn2+ t o  

L IB  and L1A, w h i l e  F i g .  15 shows t h e  I n f l  uence o f  EDTA on t h e  I r  mob 1 l -  

I t l e s .  As was t r u e  f o r  t h e  n a t i v e  ge l  e l e c t r o p h o r e t i c  r e s u l t s  ( F i g s .  8 

and 1 0 ) ,  t h e  a d d i t i o n  o f  EDTA o r  Mn2+ changed t h e  o v e r a l  I s p o t  p a t t e r n  

of  L1B only  s l i g h t l y  (compare Fig .  13A w i th  Figs.  14A and 15A). EDTA may 

c r e a te  some minor broadening o f  the spots ,  but the  exper im ent  would need 

to  be repeated t o  con f i rm  t h i s  r e s u l t .  Manganese or  the  lack t h e r e o f  has

a d ec id e d  e f f e c t  on t h e  c h a rg e  o f  t h e  L1A s u b u n l t ( s ) .  A l th o u g h  a t r a l  I

2+o f  b a s ic  m a t e r i a l  s t l  I I r e m a in s  a f t e r  Mn Is  added t o  L1A, t h e  m a jo r  

s p o t  focuses  c l o s e r  t o  t h e  anode,  and t h e  o t h e r  tw o  sp o ts  t h a t  were  

o r i g i n a l l y  observed a re  present  In o n ly  t r a c e  amounts (compare Figs.  13B 

and 14B).  EDTA t r e a t m e n t ,  In c o n t r a s t ,  a b o l I s h e s  t h e  t r a l I  ( F i g .  15B).  

T h re e  w e l l - d e f i n e d  s p o ts  a r e  I n s t e a d  v i s i b l e  In a r a t i o  o f  r o u g h ly  

3 : 2 : 1 .

I t  Is d i f f i c u l t  t o  p r e c is e ly  determ ine  the  I s o e l e c t r i c  p o in t  of  a 

p ro te in  using the  O’F a r re l  I (1975)  m e th o d o lo g y ,  b u t  t h e  L IB  s u b u n l t ( s )  

appears to  be s l i g h t l y  more a c id ic  than the  major ( In  terms o f  I n t e n s i t y  

o f  s t a in in g  w ith  Coomassle b lue)  L1A s u b u n i t .

These e x p e r im e n t s  c o n f i r m  t h e  e v i d e n c e  f rom t h e  one d i m e n s io n a l  

a n a l y s i s  In SDS t h a t  L1A and L1B a r e  p u re  p r o t e i n s .  The Mp o f  L1B was

c o n s is te n t ly  c a lc u la te d  t o  be 37,200, and the  Mp o f  LI A was found t o  be

2+5 0 , 5 0 0 .  T h is  a n a l y s i s  f u r t h e r m o r e  proves  t h a t  L1A a r g l n a s e  loses  Mn



F ig .  14. Two dimensional separa t ion  o f  LIB and L1A 
arglnases In the  presence o f  1 mM M nC ^.

6 pg o f  sample p r o te in  was separated by I s o e l e c t r i c  

focusing In the  presence o f  1 mM M nC ^.  F r a c t io n a t io n  In SDS 

was accomplished as descr ibed In Methods. The d i r e c t i o n  o f  

m igra t ion  In both dimensions was as In F i g .  13.

A. LIB

B. L1A
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F ig .  15. Two dimensional sep ara t ion  o f  L1B and L1A 
arg lnases In the  presence o f  1 mMM EDTA.

6 pg o f  sample p r o te in  was separated by I s o e l e c t r i c  

focusing In the  presence o f  1 mM EDTA. F r a c t io n a t io n  In SDS 

was accomplished as descr ibed In Methods. The d i r e c t io n  o f  

m igra t ion  In both dimensions was as In F i g .  13.

A. L1B

B. L1A
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much more e a s i l y  than L1B arglnase.  To preclude anomalous f in d in g s ,  Mn 

sho u ld  t h e r e f o r e  a lw a y s  be In c lu d e d  d u r in g  t h e  p u r i f i c a t i o n  and 

c h a r a c t e r i z a t i o n  o f  bovine l i v e r  a rg lnases .

The number o f  d i f f e r e n t  s u b u n i t s  In each sam ple  Is  s t i l l  n o t  

c e r t a i n .  The t h r e e  spo ts  shown f o r  L1A may r e p r e s e n t  t r u l y  d i f f e r e n t  

p r o te in s ,  or they be the  same subunit  which has lo s t  v a r i a b l e  q u a n t i t i e s  

of  metal Ion. The c o n s is te n t  appearance o f  two spots In the  L1B sample 

s t r o n g ly  Im p l ies  t h a t  t h i s  p ro te in  Is  composed o f  two d ive rse  subunits .  

However. s u b s ta n t ia t io n  o f  t h i s  conclusion must a w a i t  an a ly s is  o f  the  

p r e p a r a t i o n  under a w id e r  range  o f  c o n d i t i o n s  which can c l e a r l y  

d is t in g u is h  between p o te n t ia l  sources o f  charge d i v e r s i t y  such as amTno 

acid s u b s t i t u t i o n s ,  carbohydrate a d d i t io n s ,  and metal Ion r e t e n t io n  or  

loss.

£*. Determinat ion  a t £ V a Iue tan ±M  In t a c t  L I E  Enzyme 

Sy Ana.ly.tlc a ] WJxacaotr.lJugall-on

A s e d i m e n t a t i o n  c o e f f i c i e n t  ( S 20  w) o f  6 . 0  S a t  a p r o t e i n  

c o n c e n t r a t i o n  o f  3 mg/ml was o b t a i n e d  f rom  a s e d i m e n t a t i o n  v e l o c i t y  

exper iment  using an a n a ly t i c a l  u l t r a c e n t r i f u g e .  A s in g le  Sch l leren  peak 

was o b s e rv e d .  The S v a l u e  was c a l c u l a t e d  by m o n i t o r i n g  t h e  d i s t a n c e  

between the  p ro te in  boundary and the  cen te r  o f  r o t a t i o n  as a funct ion  of  

sedimentation t ime ( F ig .  16 ) ,  and by using the  formula
7

In x = sca t

where x = d is tance  from the cen te r  o f  r o t a t io n  

to  the  Sch l leren  peak 

s = sedimentat ion c o e f f i c i e n t  (sec)



F ig .  16. C a l i b r a t i o n  curve f o r  determ inat ion  o f  the  
sedimentat ion c o e f f i c i e n t  o f  L1B a rg ln a s e .
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«*> = angular  v e l o c i t y  ( ra d Ia n s /s e c )  

t  = t ime (sec)

The o bserved  s e d i m e n t a t i o n  c o e f f i c i e n t  was c o r r e c t e d  t o  t h e  v a l u e  

obtained In water  a t  20°C (S20 w) .

JL_ Mol ecu I ar  Wei ght  Determi nat ion  by. S f i i  L L i.tC 3 tl.o n  

On 3  Sephadex £=JJLQ Column,

The molecular  weights  o f  th e  two l i v e r  arglnases and several  b ra in  

enzymes were es t im a ted  by gel f i l t r a t i o n  on a column o f  Sephacryl S-200  

( P h a r m a c ia )  o r  A l t e x  Spheroge l  TS K -3000 .  These ge ls  y ie lded  anomalous 

r e s u l t s .  L1B was e l u t e d  f rom  a column o f  S e p h acry l  S - 2 0 0  (1 .5  x 95 cm) 

as a s i n g l e  s y m m e t r i c a l  peak whose A235 and enzyme a c t i v i t y  p r o f  I les  

matched e x a c t ly  (data not shown). The m olecular  weight  o f  t h i s  p r o te in  

was e s t i m a t e d  t o  be 9 7 , 7 0 0  w h ich  Is  1 0 -2 0 $  lo w e r  th an  any p u b l i s h e d  

f i g u r e s .  A s l m l  l a r  app I I c a t l o n  o f  L1A t o  t h e  S -2 0 0  column gave a Mp o f  

93,400. These low e s t im a te s  o f  molecular  weight  may have been caused by 

t h e  a d s o r p t i o n  o f  t h e  p r o t e i n s  o n to  t h e  g e l .  Se p h acry l  S -2 0 0  has been 

reported  t o  a c t  as a c a t io n  exchanger a t  pH 8, but the  use o f  0.2 M NaCI 

In th e  b u f f e r  lessens t h i s  e f f e c t  (Belew e ±  aJ_., 1978). This exp lanat ion  

Is  n o t  app I Icab I e t o  bov I ne I I v e r  a rg  I nases f o r  tw o  reas o n s :  1) 0.2  M 

NaCI was In c lu d e d  In t h e  e l u t i o n  b u f f e r ,  and 2) a t  t h e  pH a t  w hich  t h e  

e x p e r i m e n t  was run (pH 7 ) ,  l i v e r  a r g l n a s e  does n o t  b ind  t o  c a t i o n  

exchangers ( I . e . ,  step 5 o f  the  p u r i f i c a t i o n  scheme, chromatography on 

CM -ce I  1u l o s e ) .  Some o t h e r  f e a t u r e ( s )  o f  l i v e r  a r g l n a s e s  must Induce  

t h e t r  abnormal r e t e n t io n  on S-200. The sugar at tached t o  arg lnase (see 

f o l l o w i n g  s e c t i o n )  Is  such a p o t e n t i a l  s o u rc e  o f  e r r o r  In m o l e c u l a r



weight  d e te rm in a t io n  by gel f i l t r a t i o n  (Andrews, 1965; Smith and W in k le r ,  

1967; Leach & ±  a ± . ,  1980) .

Because o f  t h e  p r o b le m s  a s s o c i a t e d  w i t h  t h e  use o f  S - 2 0 0 ,  t h e  

m o l e c u l a r  w e ig h t s  o f  t h e  b r a i n  a r g l n a s e s  w ere  n o t  exam ined  by t h i s  

method. Instead both l i v e r  and b ra in  arglnases were analyzed on a high 

p e r f o r m a n c e  l i q u i d  c h r o m a to g r a p h y  (HPLC) ge l  e x c l u s i o n  co lum n.  The  

molecular  weights c a lc u la t e d  fo r  th e  samples using t h i s  technique were 

c o n s i s t e n t l y  low.  The HPLC co lum n s e p a r a t i o n  o f  b r a i n  a r g l n a s e s  gave  

m u l t i p l e  p r o t e i n  peaks .  However  when t h e s e  peaks w ere  a n a ly z e d  f o r  

arg lnase a c t i v i t y  and subunit  composit ion on SDS g e ls ,  they  were found 

not only  t o  be e n z y m a t ic a l ly  a c t i v e ,  but  a lso  t o  have approx im ate ly  the  

same s u b u n i t  s i z e s  o r i g i n a l  ly  d e t e r m i n e d .  C l e a r l y  t h e  p r o t e i n s  were  

being re ta in e d  on the  column f o r  abnormally  long periods o f  t im e .

A r g l n a s e  p r e p a r a t i o n s  w ere  n e x t  run In b u f f e r  c o n t a i n i n g  a h igh  

s a l t  c o n c e n t r a t i o n  (0 .5  M vs 0 .25 M KCI)  t o  p r e v e n t  t h i s  b i n d i n g .  The 

I n c r e a s e  In sa 11 d id  n o t  s u b s t a n t i a  l l y  d i m i n i s h  t h e  e l u t i o n  t i m e  o f  a 

l i v e r  p repa ra t ion  (L1B). I t  a lso  did not  a l t e r  the  p a t te rn  o f  e l u t i o n  of  

the  standard p r o te in s .  Because arg lnase Is capable o f  strong hydrophobic  

In te r a c t io n s ,  I t  was p o s s ib le  t h a t  th e  enzyme was I n te r a c t in g  In t h i s  

manner w i th  the  hydroxy Ia ted  p o lye th e r  o f  the  column. To preclude t h i s  

problem, 60$ e thy lene  g lyco l  was Included In the  e lu a n t  b u f f e r  In place  

o f  s a l t .  However, t h i s  caused a b u i ld  up o f  column back pressure which 

necess i ta ted  a 50$ reduct ion  In e l u t i o n  f low  r a t e  so as t o  prevent  the  

b u i ld  up o f  too g r e a t  a pressure.  In a d d i t io n ,  the  e l u t i o n  c h a r a c t e r is 

t i c s  o f  t h e  s t a n d a r d  p r o t e i n s  became anomalous:  f e r r i t i n  ( 4 4 0 ,0 0 0 )  

e lu ted  w i th  Blue Dextran (>10^),  w h i l e  ovalbumin (43,000)  migrated w i th



a l d o l a s e  ( 1 5 8 , 0 0 0 ) .  Use o f  40% e t h y l e n e  g l y c o l  r e l i e v e d  t h e  p r e s s u r e  

p r o b le m ,  b u t  I t  f a i l e d  t o  e l i m i n a t e  t h e  abnormal  e l u t i o n  o f  t h e  

standards.  Although s e n s i t i v e  and r a p id ,  a n a ly t i c a l  gel exc lus ion  chrom

atography Is an u n s a t is f a c t o r y  method f o r  e s t im a t in g  the  m olecu lar  s i z e  

of  p ro te in s  such as arg lnase .

The m olecular  weight  and Stokes1 rad ius  c a l i b r a t i o n  curves f o r  the  

Sephadex G-150 column e v e n tu a l l y  adopted f o r  t h e s e  d e te r m  I r  a t  Ions a r e  

p r e s e n te d  In F i g s .  17 and 18. The p a r a m e t e r s  d e t e r m in e d  f o r  l i v e r  and 

b ra  I n a rg  I nases f rom  t h e s e  e x p e r  I ments a r e  I I s te d  1 n Tab I e 4.  In each  

c a s e ,  t h e  more h y d ro p h o b ic  enzyme (pool B) was l a r g e r ,  a l t h o u g h  t h i s  

d i f f e r e n c e  was more pronounced f o r  t h e  l i v e r  p r o t e i n s .  T h e re  was an 

e x c e l l e n t  concurrence between p r o te in  and enzyme a c t i v i t y  f o r  L1B a r g ln 

ase as e l u t e d  f rom t h e  G -1 5 0  co lum n.  T h i s  e x a c t  c o i n c i d e n c e  d id  n o t  

o c c u r  f o r  B1B a r g l n a s e :  t h e  peak o f  enzyme a c t i v i t y  was a t  a somewhat  

h i g h e r  Mp th an  t h a t  f o r  p r o t e i n .  To a s c e r t a i n  w h e th e r  t h i s  r e s u l t  

e f fe c te d  an Increase In p u r i f i c a t i o n  o f  the  enzyme, a c t i v e  enzyme f r a c 

t io n s  were pooled, d la ly z e d  t o  remove s a l t ,  concentra ted ,  and analyzed  

by SDS-PAGE, T h e re  was o n l y  one s u b u n i t  p r e s e n t  In t h i s  B1B a r g l n a s e  

pool which had a Mp o f  6 8 , 2 0 0 .  T h i s  was c o m p a ra b le  t o  t h e  v a l u e  o f

69,300 shown In Tab le  3. In c o n t r a s t ,  when assayed f o r  enzyme a c t i v i t y ,  

t h i s  pool had a n o t i c e a b l y  lo w e re d  s p e c i f i c  a c t i v i t y  o f  12 .8  u n i t / m g  

compared t o  t h e  62 .53  u n i t / m g  l i s t e d  In T a b l e  2B. When L1A and B1A 

a r g l n a s e s  w ere  e l u t e d  f ro m  G -1 5 0 ,  t h e i r  p r o t e i n  and enzyme a c t i v i t y  

p r o f  I le s  were c o n s i s t e n t l y  o u t  o f  s te p  w i t h  each o t h e r .  A s u b s t a n t i a l  

amount o f  t h e  p r o t e i n  m a t e r i a l  In t h e s e  p r e p a r a t i o n s  ( o f  lo w e r  Mp) 

e l u t e d  a f t e r  t h e  a c t i v e  enzyme f r a c t i o n s .  T h is  r e s u l t  a l s o  r e p e a t e d l y



F ig .  17. C a l i b r a t io n  curve fo r  molecular  weight
determ inat ion  o f  l i v e r  and b ra in  arg lnase  
Isozymes by gel f i l t r a t i o n  on a Sephadex 
G-150 column.

The p ro te in  standards Included the  fo l lo w in g :  

a ld o lase  ( a ,  1 5 8 ,0 0 0 ) ,  phosphorylase b (p ,  9 4 , 0 0 0 ) ,  

bovine serum albumin (b ,  6 7 , 0 0 0 ) ,  ovalbumin (o ,  4 3 , 0 0 0 ) ,  

t r y p s in  I n h i b i t o r  ( t ,  2 0 , 1 0 0 ) ,  myoglobin (m, 1 6 ,9 0 0 ) ,  

r lbonuclease A ( r ,  1 3 ,7 0 0 ) .
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F i g .  18. C a l i b r a t i o n  curve fo r  Stokes* rad ius  de te rm ina t ion  
o f  l i v e r  and b ra in  arg lnase  Isozymes by gel  
f i l t r a t i o n  on a Sephadex G-150 column.

The p r o te in  standards consis ted o f :  a ldo lase  ( a ,  4 8 .1 )  

albumin (b ,  3 5 . 5 ) ,  ovalbumin (o ,  3 0 . 5 ) ,  t r y p s in  I n h i b i t o r  

( t ,  2 0 . 8 ) ,  r lb onuc lease  A ( r , 1 6 . 4 ) .
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TABLE 4

MOLECULAR WEIGHT AND STOKES' RADIUS OF LIVER 

AND BRAIN ARGINASES DETERMINED ON SEPHADEX G-150

Pool M olecu lar  Weight Stokes'  Radius
(Rs >

L iv e r
L1A 105,600 41 .4
L1B 119 ,600 43 .2

Brain
B1A
B1B

110,400
114,300

41 .7  
42 .5



occurred when LI A was chromatographed on Sephacryl S-200. SDS-PAGE was 

run on th e  a c t i v e  L1A and B1A enzymes recovered from the  G-150 column.  

No change In the  e le c t r o p h o r e t i c  p a t te rn s  o f  the samples was observed 

r e l a t i v e  to  those shown In F ig .  11.

L .  Hexose Content

L i v e r  and b r a i n  p r e p a r a t i o n s  w ere  t e s t e d  f o r  t h e i r  c a r b o h y d r a t e  

composit ion using the  anthrone reagent  which re ac ts  w i th  d i o ls  t o  pro

duce a g r e e n - b l u e  c o l o r .  The c u r v e  g e n e r a te d  us ing  g a l a c t o s e  as a 

standard Is shown In F ig .  19. L1B arg lnase contained 1-2$ carbohydrate  

by w e ight ,  as did th e  B1B p r o te in .  Sugar was not detected In L1A a r g ln 

ase, w h i le  I t  represented only  0.2-0.5/S o f  the  B1A p r o te in .  These e s t i 

mates are  not q u a n t i t a t i v e l y  r e l f a b l e  because the  absorbances observed 

were near the  lower d e te c t io n  l i m i t  o f  the  spectrophotometer.  R e s t r i c 

t io n s  on th e  q u a n t i t y  o f  p ro te in  a v a i l a b l e  fo r  t h i s  an a ly s is  prevented a 

c o n f i r m a t io n  o f  the  f in d in g s .  In a d d i t io n ,  because the  s p e c i f i c  carbohy

d r a t e ^ )  a t t a c h e d  t o  t h e  p r o t e i n  Is  unknown, t h e  sys tem  may n o t  have  

been o p t im ized .  For example, mannose standards produce on ly  80$ o f  the  

absorbance a t  620 nm o f  ga lac tose  s o lu t io n s .  G lycoprote ins o f te n  conta in  

a s i g n i f i c a n t  number o f  a t tached mannose residues.  I f  a rg lnase belongs 

t o  t h i s  c l a s s  o f  p r o t e i n s ,  th en  I t s  a c t u a l  c a r b o h y d r a t e  m o i e t y  may be 

l a rg e r  than reported  here.



F ig .  19. C a l i b r a t io n  curve f o r  es t im a t io n  o f  carbohydrate  
composit ion o f  l i v e r  and bra in  a rg lnases .

Increasing amounts o f  a ga lac tose  standard  

5lu t lo n  (100 f ig/ml) were used.



6
2

0

.4

2

.0
1 0 07550

ug gafactose



IL.  Amina Acid Qgmpa sJ.tJ.onal Analysis

T a b le  5 I I s t s  t h e  am ino  a c i d  c o m p o s i t io n s  o f  t h e  L1A and L1B 

a r g l n a s e s .  These c a l c u l a t i o n s  a r e  based on t h e  n a t i v e  enzyme s i z e s  

p r e s e n te d  In T a b le  4. Both o f  t h e s e  p r o t e i n s  c o n t a i n  more a c i d i c  th an  

basic  amino a c id s ,  al though L1A has a g r e a t e r  excess o f  a c i d i c  res idues .  

T h is  f i n d i n g  Is  a t  v a r i a n c e  w i t h  t h e i r  b e h a v i o r  In 6 M u re a  d i s c  g e l s :  

L1B Is less n e g a t iv e ly  charged In such an environment,  ye t  I t  m igra tes  

f u r t h e r  to w a r d  t h e  anode. The unknown c o n t r i b u t i o n  o f  a s p a r a g i n e  and 

glutamine residues may account f o r  the  d iscrepancy.

T a b le  6 p r e s e n t s  am ino  a c i d  c o m p o s i t i o n a l  d a t a  f o r  a l l  o f  t h e  

arg lnase enzymes Is o la te d  from bovine b ra in  and l i v e r  t is s u e s .  The data  

are given as number o f  amino ac id res I dues/100 residues.  The degree o f  

homology between the  p ro te in s  was analyzed by apply ing the  s t a t i s t i c a l  

method o f  Marchalonls and Weltman (1971) t o  the  data (Table  7).  Values 

o f  S A  Q a r e  a l l  less  th a n  75 ,  r a n g in g  f rom  4 - 7 2 .  Th Is  r e f  I e c t s  a h igh  

degree o f  re ia tedness .  L1B and B2B arglnases are the  most d i s s i m i l a r  

o f  t h e  arg  I nases as Judged by t h e  I a r g e r  S A  Q v a lu e s  c a l c u l  a t e d  f o r  

these two p ro te ins .

The amino acid data In Tab le  6 were a lso  analyzed t o  e s t a b l i s h  the  

c e l l u l a r  locat ion  o f  the  p r o te in s ,  I .e .  so lu b le  or  membrane-bound. The 

parameters requ ired  f o r  t h i s  d e te rm in a t io n  (Barrantes ,  1975) are l i s t e d  

In T a b l e  8 . In no case  d id  an a r g l n a s e  enzyme meet  t h e  e x p e c t a t i o n s  o f  

an I n t e g r a l  membrane p r o t e i n .  A! I o f  t h e  a r g l n a s e s ,  e x c e p t  L1B, f e l  I 

w i t h in  the  ranges a l lowed f o r  a so lub le  or  pe r iphera l  membrane p r o te in .  

The Rj  r a t i o  fo r  L1B (0.883) c l e a r l y  placed I t  w i t h in  the  non-membrane



TABLE 5

AMINO ACID COMPOSITION OF BOVINE LIVER ARGINASES

Amino Acid Resldues/mole P ro te in

L1A L1B
nearest  nearest
In te ger  In te ger

A s p a r t ic  Acid 106.0 106 89 .6 90
Threonlne (1 ) 3 9 .8 40 72 .7 73
Serine (1) 6 3 .8 64 78 .2 78
Glutamic Acid 96 .8 97 96.5 97
Pro 11ne 40.1 40 69.1 69
Glyc ine 81 .5 82 111.1 111
Alanine 100.7 101 66.1 66
H a l f  Cyst ine  (2) 12.1 12 12.5 13
V a l Ine 74 .7 75 86 .7 87
Meth ionine 9 .8 10 2 1 .9 22
Iso leucfne  (3 ) 62.1 62 68.1 68
Leucine (3 ) 87 .7 88 115.2 115
Tyrosine 26 .3 26 35 .6 36
Phenyla lan ine 3 6 .9 37 3 7 .0 37
H i s t i d i n e 14.5 15 22.1 22
LysIne 7 2 .2 72 77 .2 77
Arg In Ine 42 .2 42 39.1 39
Tryptophan (4 ) 5 .6 6 5 .3 5

Total 972 .8 975 1104.0 1105

(1)  Ex trapo la ted  t o  zero t ime

(2)  Determined as c y s te lc  acid

(3)  Ex trapo la ted  to  I n f i n i t e  hydro lys is  t ime

(4)  Determined a f t e r  hydro lys is  w ith  methanesuIfonlc  
acid and 3 ( 2 -a m tn o e th y I ) Indole



TABLE 6

A COMPARISON OF THE AMINO ACID COMPOSITION 

OF BOVINE LIVER AND BRAIN ARGINASES

Amino Acid Residues/100 residues

L iv e r ( 1 ) Brain ( 2 )

L1A L1B B1A B1B B2A B2B

A s par t ic  Acid 11 .0 8 .2 11.1 11.0 10.2 10.8
ThreonIne 4.1 6 .7 4 .3 4 .7 5 . 0 4 . 4
Serine 6 .6 7 .2 5 .4 5 .7 5 . 0 4 .4
Glutamic Acid 10.1 8 .8 10.3 10.4 10.0 12 .6
Pro 11ne 4.1 6 .3 4 .5 4 . 8 5 .6 5 .8
Glyc ine 8 .4 10.2 8 . 4 9.1 9 . 2 7 .6
Alanine 10.5 6 .0 9 .4 10.1 9 .4 10 .2
H a l f - c y s t I n e 1.1 1.0 0 .8 0 .9 0 .8 0 .3
V a l Ine 7 .8 7 .9 8.1 6 . 8 8 .3 6 .7
Methionine 1 .0 2 . 0 1 .9 1.7 1.7 1 .8
I so leucine 6 .4 6 .3 6 .0 6 .2 6 .0 5 .3
LeucIne 9.1 10.5 8 . 8 8 .3 8 .6 8 . 8
Tyrosine 2 .7 3 .3 2 .4 2 .6 2 .5 1 .8
Phenyla lan ine 3 .8 3 . 4 4.1 3 .9 3 .8 3 .8
H i s t i d i n e 1.5 2 . 0 2.1 1.8 2.1 2 .3
Lysine 7 .5 7 .0 7 .9 7 .9 7 . 9 9.1
Arg in ine 4 .4 3 .5 4 .5 4 .4 4 .2 4 .4

(1 )  Based on n a t i v e  enzyme composit ion In Tab le  5

(2)  Based on values obtained a f t e r  a s in g le  
24 hr h y d ro ly s is .



TABLE 7 

AN ESTIMATE OF BOVINE LIVER 

AND BRAIN ARGINASE RELATEDNESS 

( S A  Q)

L1B B1A B2A B1B

L1A 49 .7 9  4 .7 6  9 .87  4 .8 4

L1B 

B1A 

B2A

43 .85  32 .28  45 .47

3.71 3 .54

5 .05

B1B

B2B

22.00

72.07

13.76

16.19

13.34

C a lc u la t io n s  are based on va lues In Table  6 .  H a l f - c y s t l  
values were not used In these c a l c u l a t io n s



TABLE 8

PARAMETERS NECESSARY FOR 

CLASSIFICATION OF PROTEIN AS 

SOLUBLE OR MEMBRANE BOUND

Pro+ein H y d ro p h i l ic  Hydrophobic R3
Residues Residues

(1 )  (2 )  (3)

L1A 34 .5  3 0 .8  1 .120

L1B 2 9 .5  3 3 .4  0 .883

B1A 3 5 .9  3 1 .3  1.147

B1B 3 5 .5  2 9 .5  1.203

B2A 3 4 .4  3 0 .9  1.113

B2B 3 9 .2  2 8 .2  1.390

(1)  H y d ro p h i l ic  res idues = Lys+Arg+HIs+Asx-M3lx/100 residues

(2)  Hydrophobic res idues = I le+Tyr+Phe+Leu+Val+Me+/100
residues

(3)  R3 = HydrophI11c/hydrophoblc

C a lc u la t io n s  are  based on values l i s t e d  In Tab le  6



c l a s s .  B2B p r o t e i n  may be p e r i p h e r a l  ly  a t t a c h e d  t o  a membrane because  

t h e  r a t i o  e s t i m a t e d  f o r  I t  la y  c l o s e r  t o  t h a t  o f  t h e  a v e ra g e  

p e r i p h e r a l  p r o t e i n  th a n  t o  t h a t  o f  t h e  a v e r a g e  non-membrane p r o t e i n  

(B arran tes ,  1975) .

The e l u t i o n  p r o f i l e  o f  t h e  amino a c i d s  f r e q u e n t l y  showed t h e  

presence o f  another (non amino ac id )  n I n h y d r I n - p o s l t l v e  component, e l u 

t in g  s h o r t l y  a f t e r  ammonia. The I d e n t i f i c a t i o n  o f  t h i s  e x t r a  (sometimes 

v e r y  l a r g e )  peak was n o t  a t t e m p t e d ,  b u t  m ig h t  be o f  I n t e r e s t  In l a t e r  

work.

Antibody Product ion a M  Immunochemical AnaJ.y-S.l-S

Jjimujml-gkuJJ-D Pucl JLI-gfijilsu

A f t e r  the  homogeneity of  L1B arglnase had been e s ta b l is h e d ,  a t o t a l  

o f  140 ng was In je c te d  In to  each o f  two ra b b i ts  as d e t a i l e d  In Methods.  

Serum recovered a f t e r  ca rd iac  puncture o f  the  animals was p u r i f i e d  to  

o b t a i n  t h e  Im m u n o g lo b u l in  f r a c t i o n .  Immunoglobulins were p r e c i p i t a t e d  

f rom serum w i t h  40/S ammonium s u l f a t e ,  and s e p a r a t e d  I n t o  c l a s s e s  by 

a p p ly i n g  them t o  a DEAE-SephaceI  co lum n.  T h re e  poo ls  were made,  

c o n c e n t r a t e d  by ammonium s u l f a t e  p r e c i p i t a t i o n ,  and t e s t e d  on m ic ro  

dou b le  Im m u n o d i f f u s io n  p l a t e s  f o r  r e a c t i o n  w i t h  t h e  L1B a r g l n a s e  

ant igen.  Only the  Immunoglobulin IgG f r a c t i o n  reacted .  This f r a c t i o n  was 

employed In a l l  subsequent Immunochemical ana lyses .



Q u a n t i t a t i v e  Immunopreclpltatlon a t  L IB  Ar.giD.ass.

The a b i l i t y  o f  a given amount o f  p u r i f i e d  Immunoglobulin to  I n h i b i t  

enzyme a c t i v i t y  was e v a l u a t e d  by I n c u b a t i n g  I t  w i t h  L1B p r o t e i n .  The  

r e s u l t s  appear  In F i g .  20 .  A n t i b o d i e s  o b t a i n e d  f rom  both  a n i m a l s  were  

capable o f  I n h i b i t i n g  a t  l e a s t  88# o f  the  arg lnase a c t i v i t y .  The I n h i b i 

t i o n  was g r e a t e r  than t h a t  c a lc u la t e d ,  however,  because excess arg lnase  

was present  In contro l  supernatants t o  the  e x te n t  t h a t  product I n h i b i 

t i o n  by o r n i t h i n e  p r e v e n te d  an a c c u r a t e  assessm ent  o f  t h e  e n z y m a t i c  

a c t i v i t y  o r i g i n a l l y  p r e s e n t .  A more r e p r e s e n t a t i v e  t i t r a t i o n  curve of  

enzyme I n h i b i t i o n  by I mmunoglob Ins would n e c e s s i t a t e  s t a r t i n g  w i t h  

lesser  q u a n t i t i e s  o f  enzyme. F ig .  20 never the less  does I l l u s t r a t e  d i f f 

e r e n c e s  In a f f i n i t y  o f  t h e  tw o  IgG f r a c t i o n s  f o r  a r g l n a s e .  On a g /g  

basis  th re e  t im es  as much IgG from r a b b i t  #1 (F ig .  20A) was requ ired  to  

I n h i b i t  70# o f  the  a v a i l a b l e  arg lnase a c t i v i t y .

Analysis  s i  S t ru c tu ra l  S l m l l a r l t l e s  BS-tMSSIl. AEglD35gS. By. Panfr-le. 

Immunodiffusion P la tes

Im m u n o g lo b u l In  IgG f r a c t i o n s  I s o l a t e d  f rom s e r a  o f  tw o  r a b b i t s  

were  t e s t e d  f o r  t h e i r  s p e c i f i c i t y  by I n c u b a t i o n  In m ic r o  d o u b le  

Immunodiffusion p la tes  w i th  the  p u r i f i e d  bovine l i v e r  and bra in  arglnase  

prepara t ions .  The r e s u l t s  o f  the  exper iment  a re  to  be found In Figs.  21 

and 22. Serum removed from the  r a b b i t s  p r i o r  t o  Immunization showed no 

p r e c i p i t i n  I Ine  on I m m u n o d i f f u s i o n  p l a t e s  ( d a t a  n o t  shown).  P o s s i b l e  

c r o s s - r e a c t I v I t y  o f  t h e  Im m u n o g lo b u l in s  w i t h  a r g l n a s e  f rom  a n o th e r  

species was determined by Including mouse l i v e r  and b ra in  homogenates In



F i g .  20 .  Q u a n t i t a t i v e  fmmunopreclpl tat lon o f  L1B enzyme 
a c t i v i t y  by r a b b i t  an t l -L 1 B  (gG.

I n h i b i t i o n  o f  a rg lnase  a c t i v i t y  by a n t l - L I B  arg lnase  

IgG was performed as described In Methods. (•*—•) % I n h i b i t i o n ;  

( x - x - x )  arg lnase a c t i v i t y  using 36 ,000  dpm o f  ^ C - a r g l n l n e  

per assay.

A. 0 .6 0  mg r a b b i t  #1 IgG was Incubated w ith  L1B arglnase

B. 0 .19  mg r a b b i t  #2 IgG was Incubated w ith  L1B arg lnase
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F ig .  21.  Comparison o f  s p e c i f i c i t y  between Immunoglobulins 
from r a b b i t  #1 and #2  on a micro Immunodiffusion  
p l a t e .

The p r o te in  concentra t ions  o f  bovine b ra in  and l i v e r  

samples were 0 . 2 6 - 0 . 3 6  mg/ml; mouse l i v e r  p r o te in  concentra t ion  

was 6 mg/ml.

A. The cen te r  well  conta ined r a b b i t  #1 IgG a t  a con centra t ion  o f  
24.1 mg/ml. The o u te r  w e l ls  con ta ined ,  c lockwise from top:
L1B; B1B; B2B; mouse b ra in  homogenate; mouse l i v e r  homogenate.

B. The cen te r  well  conta ined r a b b i t  #2  IgG a t  a concentra t ion  
o f  7 .6  mg/ml. The o u te r  w e l ls  were as In A.



B
Rabbit 2

•  •  •  •  •
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F ig .  22 .  Comparison of  s p e c i f i c i t y  between Immunoglobulins 
from r a b b i t s  #1 and #2 on a micro Immunodiffusion 
p l a t e .

The ant igen concentra t ions  were as In F ig .  21.

A. The cen te r  well  conta ined r a b b i t  #2  IgG a t  a 7 .6  mg/ml 
co n c e n t ra t io n .  The o u te r  we I Is h e ld ,  clockwise from top:
L1B; L1A; B1A; B2B; B1B.

The cen te r  wel l  In B-D contained r a b b i t  #1 IgG a t  
7 .3  mg/ml.

B. The o u te r  w e l ls  were, c lockwise from top:  L1B; B1B;
B2B; semi-pure B2B; L1A.

C. Clockwise from t o p ,  the  ou ter  w e l ls  conta ined:  L1B;
B1B; B2A; B1A; L1A.

D. The top o u te r  wel l  held L1B; the  o ther  well  contained L1A.



A
Rabbit 2 IgG

B
Rabbit  1 IgG



the  assay (F ig .  21). N e i th e r  IgG reacted w i th  a mouse b ra in  homogenate. 

Whl le  t h e  IgG f rom  r a b b i t  #1 d id  form  a p r e c i p i t i n  1 In e  w i t h  a mouse 

l i v e r  p r e p a r a t i o n ,  t h e  IgG f rom  r a b b i t  #2 d id  n o t  ( F i g .  2 1 ) .  The IgG 

from r a b b i t  #2  a lso  did not  p r e c i p i t a t e  B1A ( F ig .  2 2 A ) .

The polyc lonal  na ture  o f  the  an t ibod ies  produced In t h i s  exper iment  

was revea led  a f t e r  a c lo se  examinat ion o f  the  p r e c i p i t i n  l ines  seen In 

F i g s .  21 and 22.  The p r e d o m in a n t  IgG f a m i l y  r e c o g n iz e d  s i m i l a r  

determinants  located on L1A, LIB, B1B, and B2B argfnases.  A second c lass  

of  ant ibody reacted w i th  determ inants  shared by L1B, B1B, L1A, B1A, and 

B2A p ro te in s .  A f i n a l  type  o f  IgG molecule detected a s p e c i f i c i t y  found 

on L1B arg lnase ,  mouse l i v e r  a rg lnase ,  and poss ib ly  L1A a rg lnase .

E lec t ropho res is  and. Fluorography a t  Trans la ted  Products

Polyadenylated RNA s p e c i f i c a l l y  enr iched f o r  the  arg lnase messen

g e r s )  was Iso la te d  from bovine l i v e r  polysomes as described In Methods. 

A p o r t i o n  o f  t h e  p r e p a r a t i o n  was t r a n s l a t e d  In a r e t i c u l o c y t e  l y s a t e  

system, and the  t r a n s l a t e d  products were separated by SDS-PAGE. Fig.  23 

shows the  r e s u l t .  A po lypept ide  having the  same Mp as a u th e n t ic  LIB was 

Immune p r e c i p i t a t e d  from the  t o t a l  p r o t e i n s  t r a n s l a t e d  f rom  t h e  mRNA 

prepa ra t ion .  This p ro te in  was not ev id en t  In the  con tro l  Immunoprecfpl-  

t a t e  (compare lanes 5 and 1, F i g .  2 3 ) .  A n o th e r  p o l y p e p t i d e  o f  lo w e r  Mp 

(29,800) was a lso  un iquely  t r a n s la te d  from the  l i v e r  mRNA. This p ro te in  

Is  p r o b a b ly  t h e  t r a n s l a t i o n  p r o d u c t  o f  a p r e m a t u r e l y  t e r m i n a t e d  L IB  

arg lnase messenger. The L1A messenger may have been Iso la te d  from the  

polysomes as well  because a p ro te in  o f  50,400 Mp was Immune p r e c i p i t a t e d  

f rom  t h e  t o t a l  p o l y p e p t i d e s  s y n t h e s iz e d  f rom  t h e  sam ple  mRNA. Lane 7



F ig .  23 .  E le c t r o p h o r e t i c  an a lys is  o f  mRNA-dependent
r a b b i t  r e t i c u l o c y t e  ly s a te  t r a n s l a t i o n  products .

E lec t ropho re s is  o f  S - labe led  p ro te in s  was performed  

In a 7 .5% po lyacry lam ide  s lab gel In the  presence o f  0.155 SDS. 

Fluorography o f  the  d r ied  s lab gel was performed with  Kodak 

XAR-5 f i l m .  From l e f t  t o  r i g h t :

( 1) t o t a l  con tro l  t r a n s l a t i o n  products; ( 2 ) contro l  

t r a n s l a t i o n  products Immune p r e c i p i t a t e d  w ith  r a b b i t  #1 IgG;

(3 )  con tro l  t r a n s l a t i o n  products Immune p r e c i p i t a t e d  with  

r a b b i t  #2 IgG; (4 )  t o t a l  t r a n s l a t i o n  products o f  p u r i f i e d  

a r g ln a s e - s p e c l f I c  mRNA; (5 )  a r g ln a s e -s p e c ! f I c  mRNA t r a n s l a t i o n  

products Immune p r e c i p i t a t e d  w ith  r a b b i t  #1 IgG; ( 6 ) a r g ln a s e -  

s p e c i f i c  mRNA t r a n s l a t i o n  products Immune p r e c i p i t a t e d  with  

r a b b i t  #2 IgG; (7 )  t o t a l  t r a n s l a t i o n  products o f  a second 

I s o l a t i o n  o f  a r g l n a s e  s p e c i f i c  mRNA. The l e f t  lane  c o n t a i n s  

m arker  p r o t e i n s  f o r  m o l e c u l a r  w e i g h t  e s t i m a t i o n .  The a r ro w  

Ind ica tes  the  m ig ra t ion  p o s i t io n  o f  a u th e n t ic  LIB arg lnase .
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(F ig .  23) shows th e  r e s u l t  o f  an unsuccessful a t te m p t  t o  p u r i f y  the  L1B 

messenger. None o f  the  po lypept ides  migrated t o  the  loca t io n  pred ic ted  

f o r  L1B.



CHAPTER IV

DISCUSSION

Although a l l  mammalian arg lnase enzymes c a t a l y z e  th e  same reac

t i o n ,  t h a t  I s ,  t h e  c o n v e r s i o n  o f  a r g i n i n e  t o  u rea  and o r n i t h i n e ,  th e s e  

p r o t e i n s  d i f f e r  In a number o f  m o l e c u l a r  p r o p e r t i e s  such as s p e c i f i c  

a c t i v i t y ,  I s o e l e c t r i c  p o in t ,  s t a b i l i t y  dur ing d i a l y s i s  and a c t i v a t i o n  by 

Mn^+ . The d i v e r s i t y  In t h e s e  c h a r a c t e r  I s t I c s  Is  u s u a l l y  noted  when 

arg lnase  Is I so la te d  from d i f f e r e n t  animals  (HJrsch-Kolb e± aj_., 1970;

Porembska s ±  aj_., 1971),  but d i s c r e t e  t r a i t s  are  a lso  observed among the  

enzymes e x t r a c t e d  f rom s e v e r a l  t i s s u e s  o f  t h e  same an im a l  (e .g .  r a t  

(G as lo ro w ska  a_L., 1970; ReddI £ ±  a l . ,  1975; H e r z f e l d  and Raper ,  

1976) ;  mouse ( S t e w a r t  and C a ro n ,  1977) ;  and humans ( B e r u t e r  a t  a l . ,  

1 9 7 8 ) ) .  D i f f e r e n t  p r o p e r t i e s  may even be seen In t h e  s e v e r a l  a r g l n a s e  

pro te ins  which a re  located w i t h in  a s in g le  t i s s u e  (H erz fe ld  and Raper,  

1976; S tew ar t  and Caron, 1977; Cheung and RaIJman, 1981).

The m u l t i p l e  a rg lnase  enzymes, which may be Isozymes, present  In 

any one animal or t i s s u e  should perform d i s t i n c t i v e  r o le s ,  depending on 

the  v a r i a b l e  metabol ic  demands o f  th e  organ of  concern. For example, one 

arg lnase Isozyme may e x i s t  t o  complete the  conversion of t o x i c  ammonia 

I n t o  u rea  In t i s s u e s  und ergo in g  r a p i d  am ino  a c i d  c a t a b o l I s m ,  w h l l e  a 

second Isozym e may be r e q u i r e d  d u r in g  p r o t e i n  s y n t h e s i s  t o  f u r n i s h  

o r n i t h i n e  as the  precursor t o  p r o l ln e  and g lu tam ic  ac id .  The most abun

d a n t  and most s t u d i e d  a r g l n a s e  Is  lo c a t e d  In l i v e r  t i s s u e  where I t
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funct ions p r i m a r i l y  t o  complete the  d e t o x i f i c a t i o n  of  ammonia by Incor 

p o r a t i n g  I t  I n t o  u re a  (Krebs and H e n s e l e l t ,  1932 ) .  Submaxi I l a r y  g lan d  

arglnase -  u n l ik e  the  arg lnase (s )  found In o ther  organs -  Is s i m i l a r  t o  

the  l i v e r  enzyme w i th  resp e c t  t o  I t s  e le c t r o p h o r e t i c  m o b i l i t y  and Immun

o l o g i c a l  r e a c t i v i t y ,  and so t h e  r o l e  a s c r ib e d  t o  I I v e r  a r g l n a s e  m ig h t  

reasonably be assigned t o  t h i s  p ro te in  as w e l l .  However, the  s u b m a x l l l -  

ary gland has an Incomplete urea c y c le  s ince I t  lacks o r n i t h in e  t r a n s -  

c a r b a m o y la s e  ( H e r z f e l d  and R a p e r ,  1976) .  The a r g l n a s e  p r e s e n t  In t h i s  

t i s s u e  (and by e x t e n s i o n  t h e  l i v e r  enzyme as w e l l )  must t h e r e f o r e  be 

I n v o lv e d  In some o t h e r  a s p e c t  o f  o r n i t h i n e  c a t a b o l i s m  ( H e r z f e l d  and 

Raper, 1976). Indeed, because a su b s ta n t ia l  Increase In l i v e r  arglnase  

a c t i v i t y  was observed dur ing l a c t a t io n  In the  r a t ,  F o l le y  and Greenbaum 

(1947) concluded t h a t  l i v e r  arglnase must have a second m etabol ic  r o le .  

Yip  and Knox (1972 )  suggested  t h a t  some o f  t h e  a r g l n a s e  p r o t e i n  In t h e  

l i v e r  co u ld  be r e q u i r e d  f o r  p r o l i n e  a n d /o r  g l u t a m i c  a c i d  p r o d u c t i o n .  

Such a funct ion  Is p o s tu la ted  f o r  a t  leas t  some o f  the  arg lnase  a c t i v i t y  

l o c a te d  In mammary g la n d  (Y ip  and Knox, 197 2 ) ,  k id n e y  (Kaysen and 

S tre c k e r ,  1973),  b ra in  (Sadaslvudu and Rao, 1976), and epidermis (Verma 

and Boutwel  I ,  1981) .  The a r g l n a s e  p r o t e i n  found In lym phocytes  ( K l e i n  

and M o r r i s ,  1 9 7 8 ) ,  and t h y r o i d  ( M a ts u z a k I  e t  a l . ,  1981) Is  t h o u g h t  t o  

c o n t r i b u t e  t o  t h e  s y n t h e s i s  o f  p o ly a m f n e s ,  as may a p o r t i o n  o f  t h e  

arg lnase  a c t i v i t y  associated  w i th  mammary gland (Oka and Perry ,  1974), 

and epidermis (Verma and Boutwel I ,  1981).

The ex is tence  o f  two bovine l i v e r  arglnases w i th  d i f f e r e n t  physico

c h e m ic a l  p r o p e r t i e s  I n d i c a t e s  t h a t  each o f  th e s e  p r o t e i n s  p r o b a b ly  

operates In d i f f e r e n t  m etabol ic  pathways. The L1B arg lnase c h a ra c te r iz ed



In t h i s  s tu d y  Is  s u r e l y  t h e  u re a  c y c l e  enzyme,  whi le  t h e  L1A p r o t e i n  

may be comparable t o  th e  mitochondr ia l  a rg lnase  o f  r a t  l i v e r ,  described  

by Cheung and R a l jm a n  ( 1 9 8 1 ) ,  w h ich  h e lp s  t o  move o r n i t h i n e  I n t o  t h e  

m i t o c h o n d r i a l  m a t r i x .  The p r e s e n c e  o f  f o u r  a r g l n a s e s  In b o v in e  b r a i n  

t i s s u e  may, a t  f i r s t ,  appear t o  be excessive ,  p a r t i c u l a r l y  because the  

b r a i n  has an I n c o m p l e t e  u rea  c y c l e  ( R a tn e r  e±  a l . ,  1960; S t e w a r t  and 

Caron, 1977), and so should not r e q u i r e  arg lnase ,  a t  l eas t  fo r  ammonia 

d e t o x i f i c a t i o n .  Sadas lvudu  and Rao (1 9 7 6 )  have sug gested  a d i f f e r e n t  

r o l e  for  b ra in  arg lnase ,  t h a t  o f  promoting g lu tam ic  acid production,  t o  

e x p l a i n  I t s  l o c a t i o n  w i t h i n  t h i s  o rg a n .  The m u l t i p l i c i t y  o f  enzymes  

e x h ib i t in g  arg lnase a c t i v i t y  In the  c u r r e n t  study Im p l ie s ,  perhaps, more 

th an  one f u n c t i o n  f o r  t h i s  p r o t e i n  In b r a i n  t i s s u e .  Based e n t i r e l y  on 

the  s i m i l a r i t y  In several  o f  t h e i r  p r o p e r t i e s ,  B1B and B2B may be essen

t i a l  components of  one pathway, w h i le  B1A and B2A may be p a r t i c ip a n t s  In 

a second s e r i e s  o f  r e a c t  Ions.  The ab I  I I t y  t o  d 1st  Ingu Ish an a p p a r e n t  

d i f f e r e n c e  In charge between B1B and B2B, o r  B1A and B2A, by placement  

on a DEAE-cellu lose column, could be a r e f l e c t i o n  of  t h e i r  residence In 

d i f f e r e n t  b ra in  c e l l  types (e.g. g l i a l  and neuronal c e l l s )  which demand 

s l i g h t l y  d i f f e r e n t  molecular  p r o p e r t ie s  f o r  e f f i c i e n t  arginase a c t i v i t y .  

I s o l a t i o n  o f  a r g l n a s e  f rom  b r a i n  c e l l s  s e p a r a t e d  by t y p e  would be 

I n s t r u c t i v e  In t h i s  regard.

One quest ion a r i s i n g  from the  repeated observat ion  of  w e l l - d e f in e d  

d i f fe r e n c e s  In th e  molecular  p r o p e r t i e s  o f  a r g l n a s e  Isozymes concerns  

t h e i r  g e n e t i c  o r i g i n s .  Are  t h e s e  I s o p r o t e i n s  processed f rom t h e  same 

mRNA precursor ,  o r  a re  they  th e  products o f  separate  genes? The arg lnase  

pro te ins  found In l i v e r  and e ry th ro c y te s  are  assumed to  be s p e c i f i e d  by



a s i n g l e  gene lo c u s ,  y e t  d i f f e r e n c e s  In t h e i r  r e g u l a t i o n  have been 

r e p o r t e d  f o r  s e v e r a l  Macaca f a s c I c u I a r I s  monkeys ( T e r a s a k l  s ±  a l . ,  

1980), s ince  normal a rg lnase a c t i v i t y  could be detected In the  l i v e r s  of  

these monkeys, whereas no arg lnase a c t i v i t y  could be found In t h e i r  red 

blood c e l l s .  T e r a s a k l  a ±  a l .  (1980 )  proposed s e v e r a l  hyp o th eses  t o  

e x p l a i n  t h e s e  f i n d i n g s ,  b u t  were  u n a b le  t o  f a v o r  one t h e o r y  o v e r  t h e  

others  on th e  basis o f  th e  a v a i l a b l e  data.

S tew ar t  (1981) described a 45% Increase In the  a c t i v i t y  o f  the  two  

arglnases found In the  b ra ins  o f  g e n e t i c a l l y  s p a s t ic  mice as compared t o  

t h o s e  a c t i v i t i e s  d e t e r m in e d  f o r  t h e  c o r re s p o n d  I ng enzymes lo c a t e d  In 

normal mouse b r a i n s .  Because a p a r t i a l  a n a l y s i s  o f  t h e  ’ norm a l*  and 

’ s p a s t i c ’ b r a i n  a r g l n a s e  p r o p e r t i e s  r e v e a l e d  no d i f f e r e n c e s  In t h e i r  

m o l e c u l a r  c h a r a c t e r i s t i c s ,  I t  was c o n c lu d e d  t h a t  an a l t e r a t i o n  In a 

re g u la to ry  e lement ,  r a t h e r  than In the  p ro te in s  themselves,  was respon

s i b l e  fo r  the  observed r i s e  In a c t i v i t y .  A s i m i l a r  m o d i f ic a t io n  In the  

r e g u l a t i o n  o f  t h e  l i v e r  a r g l n a s e  p r o t e i n  In s p a s t i c  m ice  was n o t  

observed s ince  the  enzyme a c t i v i t i e s  In the  l i v e r s  o f  normal and s p a s t ic  

m ice  w ere  t h e  same. T h e r e  Is  no c u r r e n t  t h e o r y  as t o  t h e  genes cod ing  

f o r  mouse l i v e r  and b r a i n  a r g l n a s e s ,  th u s  t h e s e  o b s e r v a t i o n s  co u ld  

r e f l e c t  e i t h e r  a t i s s u e - s p e c i f i c  r e g u la t io n  o f  a s in g le  mRNA precursor ,  

or the  d i f f e r e n t i a l  r e g u la t io n  o f  d u p l i c a t e  genes.

SchImke (1 962; 1964)  s tud  Ied t h e  I I v e r  a r g I n a s e  p r o t e I n  I s o l a t e d  

f rom  groups o f  r a t s  fed  d i f f e r e n t  d i e t s ,  and d e t e r m in e d  t h a t  t h e  

Increase In a c t i v i t y  associated w i th  a high casein  d i e t  corresponded t o  

the  presence o f  more arg lnase p r o t e in ,  r a t h e r  than an a l t e r a t i o n  In the  

s p e c i f i c  p r o p e r t i e s  o f  t h e  enzyme I t s e l f .  The a d a p t a t i o n  o f  a r g l n a s e



a c t i v i t y  t o  d i e t  was a c h ie v e d  th r o u g h  s u i t a b l e  m o d i f i c a t i o n s  In  t h e  

r a te s  o f  both the synthesis  and the  degradat ion o f  the  p r o te in  (Schlmke,  

1964).

A p e r la  s ±  a l .  (1 9 7 9 )  s t u d i e d  t h e  a r g l n a s e  p r o t e i n  In r a t  k i d n e y ,  

and found t h a t ,  I n c o n t r a s t  t o  t h e  I I v e r  a r g I n a s e  exam Ined by SchImke  

(1 9 6 2 ) ,  a r g l n a s e  a c t i v i t y  r i s e s  when t h e  a n im a l  Is  fed  a p r o t e i n -  

deprived d i e t .  An adap ta t ion  o f  the  a c t i v i t y  o f  a rg lnase  to  an en v i ro n 

mental change was again proposed, In t h i s  case (because u r e a  Is known to  

be n e c e s s a ry  f o r  t h e  f o r m a t i o n  o f  c o n c e n t r a t e d  u r i n e )  a l l o w i n g  t h e  

an ImaI t o  c o n s e rv e  w a t e r  d u r in g  s t a r v a t i o n .  S i n c e ,  l i k e  many t i s s u e s ,  

k id n e y  c o n t a i n s  tw o  a r g l n a s e  a c t i v i t i e s  (G a s lo ro w s k a  a ±  a l . ,  1970; 

Porembska a ±  a l . ,  1971; He rz fe ld  and Raper,  1976), I t  would be In s t ru c 

t i v e  t o  know whether both enzymes show a l t e r e d  a c t i v i t y  f o l lo w in g  pro

t e i n  d e p r I  v a t  Ion .  SneI I man £ ±  a l .  (1 9 7 9 )  d e m o n s t r a te d  a d I f f e r e n t I  a I 

d i s t r i b u t i o n  o f  m o d i f i e d  a r g l n a s e  a c t i v i t y  In t h e  r a t  k id n e y :  t h e  I n 

c r e a s e  In a c t i v i t y  on a low p r o t e i n  d i e t  was g r e a t e s t  In t h e  k id n e y  

c o r te x .

The d is c r e t e  r e g u la t io n  o f  the  two kidney arg lnase p ro te in s  and the  

one l i v e r  arglnase enzyme which was descr ibed In these s tud ies  could be 

expla ined on the  basis  o f  separate  re g u la to rs  o f  a s in g le  gene, but  the  

e x i s t e n c e  o f  two a r g l n a s e  genes Is as l i k e l y  an e x p l a n a t i o n  f o r  t h e  

d a t a ,  and Indeed ,  S p e c t o r  a ±  a l .  (1 9 8 0 )  have p r e s e n te d  p r e l i m i n a r y  

e v id e n c e  f o r  t h e  p re s e n c e  o f  tw o  a r g i n a s e  genes In man. One o f  th e s e  

genes Is expressed In l i v e r  and kidney,  and a second, an Ind u c ib le  gene, 

Is expressed only In the  kidney. Induct ion o f  the  second arg lnase  pro

t e i n ,  w i t h  d e c i d e d l y  d i f f e r e n t  m o l e c u l a r  p r o p e r t i e s  t h a n  t h e



non Induc ib le  enzyme, has a lso  been demonstrated In p l a n t  t i s s u e  (Legaz 

and V icen te ,  1982).

Several l i v e r  arglnases from u r e o t e l I c  animals have been p u r i f i e d  

t o  h om og ene i ty  In t h e  l a s t  t w e n t y  y e a r s .  The I n i t i a l  I s o l a t i o n  p r o c e 

dures commonly Involve acetone p r e c i p i t a t i o n ,  ammonium s u l f a t e  p r e c i p i 

t a t i o n ,  and h e a t  t r e a t m e n t  o f  t h e  homogenate.  These p r o t o c o l s  a r e  

fo l low ed  by an Ion-exchange chromatography step on DEAE-celIu lose or  CM- 

c e l l u l o s e .  Depending on th e  animal source o f  the  enzyme, the  p u r i f i c a 

t i o n  scheme may r e q u i r e  ge l  f t  I t r a t l o n  chromatography or I s o e l e c t r i c  

focusing as a f i n a l  step.

The adsorpt ion o f  a rg lnase p ro te in  t o  an Ion-exchange column d i f 

f e r s  be tw een  s p e c ie s .  For  e x a m p le ,  t h e  r a t  ( S c h I m k e , 1964; H I r s c h - K o l b  

and G re e n b e rg ,  196 8 ) ,  human (Bascur  g ±  a l . »  196 6 ) ,  and mouse ( S t e w a r t  

and Caron ,  1977)  l i v e r  a r g l n a s e s  b ind  t o  CM-ce I  I u I o s e ,  whereas  t h e  

enzymes f rom  r a b b i t  ( V i e I  I e - B r e I t b u r d  and O r t h ,  1972) and b o v in e  

(S tew a r t  and Caron, 1977) t is s u e s  do not bind. The behavior  o f  arglnases  

on an anion exchanger (DEAE-cel lu lose)  Is a lso d is p a ra te  : r a t  (Schimke,  

1 9 6 4 ) ,  b o v in e  ( H a r e l I  and S o k o lo v s k y ,  197 2 ) ,  and mouse ( S t e w a r t  and 

Caron ,  1977) a r g l n a s e s  a r e  n o t  r e t a i n e d ,  b u t  t h e  r a b b i t  ( V l e l l e -  

Bre l tburd  and Orth ,  1972), and human (Beruter  § t  1978) p ro te in s  are  

bound. In t h e  c u r r e n t  s t u d y ,  b o v in e  l i v e r  a r g l n a s e s  d id  n o t  become  

attached to  e i t h e r  DEAE-ce lIu lose (F ig .  3) or  C M -ce l lu lo se  (F ig .  4).

Some o f  t h e  a p p a r e n t  d i v e r s i t y  In t h e  c h a rg e  c h a r a c t e r i s t i c s  o f  

these enzymes a r is e s  from the  exper imenta l  cond it ions  themselves . The 

choice o f  pH has been found t o  be c r i t i c a l  fo r  the  successful b inding of  

some arg lnase Isozymes t o  DEAE-cel Iu lose (Porembska g± aJ_.f 1971), and



the  use o f  su l fh y d ry l  reagents  has been shown t o  prevent  the  appearance  

of  m u l t i p l e  pig (Sakai and MurachI ,  1969) and r a b b i t  ( V I e l l e - B r e l t b u r d  

and O r t h ,  1972) a r g l n a s e s  on an lo n - e x c h a n g e r .  The b e h a v i o r  o f  r a t  

k id n e y  a r g l n a s e  on DEAE-ceI  I u I o s e  has been observed  t o  depend on t h e  

previous use or  non-use o f  acetone (Kaysen and S t recker ,  1973). Beri l te r  

e t  a l .  (1978) reported  an a l t e r a t i o n  In the  e l e c t r o p h o r e t i c  p a t te rn  of  

p u r i f i e d  human l i v e r  a rg lnase  as a consequence o f  I t s  Incubation w i th  

Mn2+ a t  37°C and pH 8 .0 .

B ov ine  I I v e r  a r g I n a s e  s h a re s  s e v e r a I  p h y s ic o c h e m ic a l  p r o p e r t i e s  

w ith  the  enzyme In r a b b i t ,  horse, ox, monkey, and pig t is s u e s  (H l rs c h -  

Ko I b s ±  a l . ,  1970; Porembska a ±  a l . #  1971) .  However ,  n e i t h e r  Hare  I I  and 

S o ko lo vsky  (1972 )  nor  Kuchel a ±  a l . ( 1 9 7 5 ) ,  d u r i n g  p r e v i o u s  I s o l a t i o n s  

of  bovine l i v e r  arg lnase ,  reported  any o f  the  problems of  aggregat ion or  

o x id a t io n  which were demonstrated f o r  the  pig (Sakai and MurachI ,  1969) 

and r a b b i t  ( V I e l I  e -B r e l tb u r d  and Orth ,  1972) p ro te ins .  These d i f f i c u l 

t i e s  w ere  n o t  e n c o u n te r e d  In t h e  c u r r e n t  s tu d y  e i t h e r .  T h e re  was no 

I n d i c a t i o n  o f  a s e p a r a t i o n  o f  t h e  enzyme a c t i v i t y  I n t o  s e v e r a l  peaks  

u n t i l  hydrophobic chromatography was performed (compare Figs.  3 -5  w i th  

Fig.  6). Although bra in  arg lnase a c t i v i t y  was an except ion t o  t h i s  r u l e  

In t h a t  I t  did e l u t e  from a DEAE-cei lu lose  column as two wel l  separated  

peaks, a p r e l im i n a r y  study showed t h a t  the  a d d i t io n  o f  2-mercaptoethanol  

t o  t h e  e l u t i n g  b u f f e r s  had no e f f e c t  on t h i s  tw o  peak p a t t e r n .  T h is  

su l fh y d ry l  compound was, t h e r e f o r e ,  not r o u t i n e l y  used. Two bra in  a r g ln 

ase a c t i v i t i e s  f rom  ox (G a s lo ro w s k a  § ±  a l . ,  1 9 6 9 ) ,  and mouse ( S t e w a r t  

and Caron, 1977) t is s u e s  have a lso  been shown t o  e l u t e  from DEAE-cellu

lose columns.



Fol low tng t h e  s u g g e s t io n  o f  Kuchel s ±  a l .  ( 1 9 7 5 ) ,  a Sep had ex gel  

was r o u t i n e l y  used d u r i n g  ge l  f i l t r a t i o n  o f  t h e  l i v e r  and b r a i n  

prepara t ions  (step 6 o f  th e  p u r i f i c a t i o n  scheme) In p lace  o f  the  Blo-Gel  

P-150 employed by Hare l l  and Sokolovsky (1972).  This  dextran m ate r ia l  

did Indeed .achieve a b e t t e r  p u r i f i c a t i o n  o f  the enzyme than was obtained  

In several  p re l im in a ry  runs on P-150 (data  not shown).

The major l i v e r  a rg lnase Isozyme (L1B) was p u r i f i e d  t o  a s p e c i f i c  

a c t i v i t y  o f  833 u n l t / m g  ( T a b l e  1 ) ,  In a g re e m e n t  w i t h  t h e  r e s u l t s  o f  

Grassman g ±  a l .  ( 1 9 5 8 ) ,  H a r e l I and S o ko lovsky  ( 1 9 7 2 ) ,  and Kuchel e ±  a l .  

(1975).  The s p e c i f i c  a c t i v i t y  o f  the  second l i v e r  p ro te in  (L1A) was one 

t e n t h  t h a t  o f  L1B, as were t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  more 

hydrophobic b ra in  pools,  BIB and B2B (Tables 2B and 2C). Brain pools B1A 

and B2A were very In a c t iv e  compared to  LIB, having s p e c i f i c  a c t i v i t i e s  

o f  8.54 un I t /m g  and 15.85 u n I t /m g ,  r e s p e c t iv e ly .  These data Imply t h a t  

these o ther  arglnases a re  d i f f e r e n t  p ro te in s  from L1B.

Given t h e  d i s p a r i t y  In t h e  a c t i v i t i e s  o f  a r g l n a s e  p r o t e i n s  

separable  only  by hydrophobic chromatography, and the  knowledge t h a t  the  

arglnase enzyme from many sources (e.g. r a t  k idney, human l i v e r ,  r a b b i t  

l i v e r ,  pig l i v e r )  Is e a s i l y  transformed by the exper imenta l  cond it ions  

t h e m s e l v e s ,  I t  Is  r e a s o n a b l e  t o  propose t h a t  t h e  less  h yd ro phob ic  

enzymes (L1A, B1A, B2A) were a r t  I factua11 y made from t h e i r  more a c t i v e  

counterpar ts  (L1B, B1B, B2B, r e s p e c t iv e ly ) .  However, the  l a t e r  ch a ra c t 

e r i z a t i o n  o f  t h e  b o v in e  l i v e r  and b r a i n  a r g l n a s e s  p u r i f i e d  In t h i s  

In v e s t ig a t io n  proved t h a t  t h i s  was not so, s ince these p ro te in s  d i f f e r e d  

In a number o f  p h y s ic o c h e m ic a l  c r i t e r i a ,  n o t  a l l  o f  which would be 

p r e d i c t e d  t o  be a l t e r e d  t o  t h e  same e x t e n t  by t h e  e l u t i o n  c o n d i t i o n s



Imposed on the  enzymes by t h e i r  a p p l i c a t io n  t o  Octyl Sepharose columns.

A s in g le  pH optimum f o r  both the  L1B and the  L1A arg lnase  p ro te ins  

was determined,  In c o n t r a s t  to  the study of  Robbins and Shie lds (1956) 

on seml-pure bovine l i v e r  arg lnase ,  In which two opt ima a t  pH 7.0 and pH 

9.2 were demonstrated. Greenberg (1960) reported t h a t  the  pH optimum of  

arg lnase depended on the  metal used f o r  I t s  a c t i v a t io n :  Mn2+ a c t iv a te d  

a r g l n a s e  had an opt imum a t  pH 10, whereas t h e  Co2+ and N I 2+ a c t i v a t e d  

enzyme was most e f f i c i e n t  a t  pH 7.  F u r t h e r m o r e ,  t h e  Co^+ a c t i v a t e d  

p ro te in  was said t o  be less s t a b le  t h a t  the  Mn2+ a c t i v a te d  arglnase.  An 

a t t e m p t  was made t o  e s t a b l i s h  w h e th e r  L1A was t h e  Co^+ a c t i v a t e d  

a r g l n a s e .  Both L1B and L1A p r o t e i n  were  assayed a t  pH 7 and pH 9.5 

f o l l o w i n g  a c t i v a t i o n  w i t h  Co^+ . N e i t h e r  o f  t h e s e  a r g l n a s e s  was more 

a c t iv e  a t  pH 7 than I t  had been when a c t i v a t e d  w i th  Mn2+, and, In f a c t ,  

L1A and L1B a c t i v i t i e s  were decreased a t  both pH values In the  presence 

of  Co2+ In p lace o f  the  usual Mn2 + .

A l l  o f  the  Iso la te d  b ra in  arglnases were many t im es  more a c t i v e  a t  

pH 9.5 than  a t  pH 7 .0 .  T h i s  co n f  I l e t s  w i t h  t h e  I I t e r a t u r e  on s e m l - p u r e  

ox (Gas lo ro w s k a  &± a l . ,  1969)  and r a t  (G a s lo ro w s k a  g ±  a l . ,  1970) b r a i n  

arglnases which reported  two opt ima f o r  these p r o te in s ,  and a r e l a t i v e  

r a t i o  o f  a c t i v i t y  a t  pH 9.5:pH 7 .0  o f  o n l y  8 :5 .  D i f f e r e n c e s  between  

s p e c ie s  o r  d i s t i n c t i o n s  In  a s s a y  p r o t o c o l  may a c c o u n t  f o r  t h e  

discrepancy In the  r e s u l t s .

The amino acid composit ions of the LIB and L1A p ro te in s  which are  

p r e s e n t e d  In T a b l e  5 may p r o v i d e  a m o l e c u l a r  f o u n d a t i o n  f o r  

understanding t h e i r  d is c r i m i n a t e  behavior  on an Octyl Sepharose column 

( F i g s .  6A and 7A).  L1B a r g l n a s e  c o n t a i n s  more o f  t h e  hyd ro p h o b ic  amino



a c i d s  p r o l t n e ,  l e u c i n e ,  v a l i n e ,  and m e t h i o n i n e  th a n  does t h e  L1A 

molecule.  The presence o f  large numbers o f  these amino ac ids In L1B may, 

then ,  account fo r  I t s  s trong at tachment t o  the  hydrophobic support .

A l th o u g h  o n l y  one h y d r o l y s i s  t i m e  p o i n t  was t a k e n  f o r  a l  I o f  t h e  

bra in  Isozymes p u r i f i e d  In t h i s  study,  the  same type o f  composit ional  

r e l a t i o n s h ip  appears to  e x i s t  between the  B1B and B1A p ro te in s :  B1B has 

more h yd ro p h o b ic  r e s i d u e s  than  does B1A. The c o r r e l a t i o n  be tw een  t h e  

composit ions o f  B2A and B2B, and t h e i r  e l u t io n  from Octyl Sepharose, In 

c o n t r a s t .  Is  not as w e l l - d e f in e d .  Furthermore,  I t  may not be c o r r e c t  t o  

r e l a t e  t h e  s t r o n g  b i n d i n g  o f  a r g l n a s e s  t o  O c ty l  Sepharose  s o l e l y  t o  

t h e i r  amino ac id composit ions.  Other experiments need t o  be conducted to  

d e l i n e a t e  t h e  b i n d i n g  f o r c e s  be tw een  a r g l n a s e  p r o t e i n s  and O c ty l  

Sepharose.

The hydrophobfc l ty  o f  a p r o te in  Is o f te n  an I n d ic a t io n  t h a t  I t  is 

a p e r i p h e r a l  o r  i n t e g r a l  membrane p r o t e i n .  T h e r e f o r e ,  i t  would  be 

reasonable t o  assume t h a t  LIB arg lnase ,  being more hydrophobic than L1A 

(on the  basis  o f  adhesion t o  Octyl Sepharose),  Is l i k e l y  t o  be a t tached  

In some way t o  a c e l l u l a r  membrane. The values In Table  8 , to g e th e r  w i th  

t h e  d a t a  p r e s e n te d  In  B a r r a n t e s  ( 1 9 7 5 ) ,  b e l l e  such a t h e o r y .  U n t i l  

something Is  known o f  th e  actual  amino ac id sequence o f  the  LIB p r o t e in ,  

and I t s  a t te n d an t  t e r t i a r y  and quaternary  s t r u c t u r e s ,  the  exact  loca t ion  

of  t h i s  enzyme w i t h in  th e  c e l l  cannot a c c u ra te ly  be pred ic ted  from amino 

a c i d  d a t a  a l o n e .  In a d d i t i o n ,  no s p e c i a l  e x t r a c t i o n  methods were  

requ ired  t o  s o l u b i l i z e  t h i s  p r o t e in ,  Imp ly ing ,  a t  best ,  a weak binding  

to  a membrane.

What does seem t o  be c o n s i s t e n t l y  c l e a r  f rom t h e  I n f o r m a t i o n  In



T a b le s  7 and 8 , ho w eve r ,  Is  t h a t  t h e  L1A, B1A, B1B, and B2A a r g l n a s e s  

are  c lo s e ly  r e l a t e d  to  each o th e r ,  I r r e s p e c t iv e  o f  which compartment o f  

t h e  c e l  I t h e y  r e s i d e  In .  The L1B and B2B a r g l n a s e s  a r e  n o t i c e a b l y  d i s 

t i n c t  f rom them and f rom  each o t h e r ,  y e t  t h e s e  tw o  enzymes r e m a i n ,  

r e l a t i v e l y  speaking,  c l o s e l y  r e l a t e d  t o  the  o ther  arglnases described In 

t h i s  s t u d y .  I n t e r e s t i n g l y  enough,  when t h e  s t a t i s t i c a l  method o f  

Marchalonls  and Weltman (1971) Is used t o  determine the  degree o f  r e l a t 

edness o f  L1A t o  t h e  b o v in e  l i v e r  a r g l n a s e  I s o l a t e d  by H a r e l I  and 

Sokolovsky (1972),  the  value Is 51.63. This f i g u r e  may In d ic a t e  t h a t  the  

H a re l I  and Sokolovsky enzyme bears the  same r e l a t i o n s h i p  t o  L1A t h a t  L1B 

does,  s i n c e  t h e  c o r r e s p o n d in g  number f o r  t h e s e  tw o  p r o t e i n s  Is  49 .79  

( T a b l e  7 ) .  When L1B Is compared t o  t h e  H a r e l I  and S o k o lo vsky  p r o t e i n ,  

the  S A  Q va lue  Is 11.72, c h i e f l y  because o f  d i f f e r e n c e s  In t h e i r  t h r e o 

n i n e ,  s e r i n e ,  and l y s i n e  c o n t e n t s .  Such a l t e r a t i o n s  In  t h e  amino a c i d  

composit ion o f  th e  two enzymes may be respons ib le  f o r  the  c u r r e n t  lack 

of  success In reproducing the  e a r l i e r  b o v in e  l i v e r  a r g l n a s e  I s o l a t i o n  

scheme.

The high degree o f  re la tedness  between four o f  the  arglnases p u r t -  

f l e d  In t h i s  I n v e s t i g a t i o n  s u g g es ts  t h a t  t h e y  c o u ld  have a s i m i l a r  

s u b u n i t  s t r u c t u r e .  The d a t a  In T a b le  3 tend  t o  v e r i f y  t h i s  h y p o t h e s i s :

L1A, B1A, B1B, and B2A a r g l n a s e s  seem t o  sh a re  a s u b u n i t  hav in g  a Mr  

v a l u e  o f  abo u t  5 0 ,0 0 0 .  T a b l e  3 a l s o  p r o v i d e s  a d d i t i o n a l  e v i d e n c e  t h a t  

LIB and B2B are  p ro te in s  d i s t i n c t  from the o ther  bovine arg lnases.  Each 

of  these enzymes has a unique subunit  whose Mr  va lue Is 37 ,800 (L1B), or  

79,100 (B2B). B1A alone has a subunit  o f  Mr  61,100 which could ,  conceiv 

a b l y ,  be a breakdown p r o d u c t  o f  t h e  7 0 ,0 0 0  Mp s u b u n i t  t h a t  B1B and B2B



a r g l n a s e  appear  t o  have In common. The t r u e  e x t e n t  o f  t h e  s i m i l a r i t y  

between bra in  and l i v e r  a rg lnase  subunits  can be eva luated  most success

f u l l y  by sequencing the  a p p ro p r ia te  p ro te in s .  Severe l i m i t a t i o n s  on the  

a v a i l a b i l i t y  o f  s u f f i c i e n t  amounts o f  each p ro te in  prevent  the  r e a l i z a 

t io n  o f  such a scheme a t  the  present  t im e .

Some In fo rm at ion  on the  s t r u c t u r a l  p r o p e r t ie s  o f  the  p ro te in s  can 

a l s o  be d e r i v e d  f rom Im m u n o lo g ic a l  t e s t s .  F i g s .  21 and 22 r e v e a l  t h a t  

L1B ho lds  one I m m u n o lo g ic a l  d e t e r m i n a n t  (#1 )  In common w i t h  t h e  L1A,  

B1A, B2A, and B1B a r g l n a s e s ,  whl le  I t  sh a re s  a second,  s e p a r a t e  d e t e r 

m in a n t  (#2 )  w i t h  t h e  B1B, B2B and L1A p r o t e i n s .  A p o r t i o n  o f  t h e  L1B 

molecule Is a lso  s i m i l a r  t o  a de te rm inant  (#3) on mouse l i v e r  arg lnase ,  

I n d ic a t in g  p a r t i a l  s i m i l a r i t y  between arg lnase molecules found In d i f f e 

r e n t  species.

The exact  loca t ion  o f  these a n t ig e n ic  m oie t ies  w i t h in  each molecule  

I s ,  a t  p resent ,  unknown, but I t  Is tempting to  specu la te  t h a t  the  f i r s t  

named spec I f  I c  I t y  (#1 )  Is  lo c a t e d  on t h e  5 0 ,0 0 0  Mp s u b u n i t  t h a t  a l l  o f  

t h e  concerned  enzymes a p p e a r  t o  c o n t a i n ,  and t h a t  t h e  o t h e r  s t r u c t u r e  

(#2 )  r e s i d e s  on t h e  7 0 , 0 0 0  Mp s u b u n i t  t h a t  B1B and B2B both  seem t o  

have. In such a scenar io ,  the  B1A subunit  o f  61,100 Mr  could be der ived  

f rom  t h e  7 0 ,0 0 0  Mp s u b u n i t  by p r o t e o l y s i s ,  o r  by a d i f f e r e n t i a l  

processing o f  the  mRNA precursor .  This m o d i f ic a t io n  o f  the  subunit  would 

remove t h e  amino a c i d s  which a l  low t h e  B1B and B2B a r g l n a s e s  t o  b ind  

f i r m l y  t o  Octyl Sepharose as w e l l  as d e le t in g  de te rm in an t  #2 from the  

B1A m o le c u le .  However ,  s i n c e  t h e  5 0 ,0 0 0  Mp [_1A enzyme a l s o  seems t o  

share de te rm in an t  #2 In common w i th  BIB and B2B, I t  might  be pos tu la ted  

t h a t  the  50,000, 60,000, and 70,000 Mp l i v e r  and bra in  arg lnase subunits



a r e  a l  I u l t i m a t e l y  d e r i v e d  f rom  t h e  7 9 , 1 0 0  Mp p r o t e i n  seen In t h e  B2B 

p re p a ra t io n ,  and t h a t  t h i s  molecule I t s e l f  Is a dimer o f  the  37,800 Mr  

subunlt  o f  LIB arg lnase.  Such a h ie ra rchy  o f  subunits could account fo r  

the  f a c t  t h a t  a l l  o f  these p repa ra t ions  are  c r o s s - r e a c t in g  w i th  a n t ib o 

dies ra ised  t o  the  L1B arg lnase  molecule.  As be fore ,  however,  co n f i rm a

t io n  o f  the  theory  a w a i ts  the  p r im ary  sequence d e te rm in a t io n  o f  a l l  o f  

the  bovine enzymes.

A p r e l im in a r y  e s t im a t io n  o f  the  o l ig o m e r ic  s t r u c t u r e  o f  the  B1A, 

B1B, L-1A and L IB  a r g l n a s e  p r o t e i n s  can be a t t e m p t e d  by c o m b in in g  t h e  

I n f o r m a t i o n  p r e s e n te d  In  T a b le s  3 and 4.  Thus,  L1A may be a d i m e r i c  

molecule composed o f  two Id e n t ic a l  monomers, w h i le  B1B and B1A may be 

d im e r s  formed f rom  d i s s i m i l a r  s u b u n i t s .  The L1B enzyme has a n a t i v e  

m olecular  weight  o f  119,600 which agrees w i th  the  values reported  by 

H a re l  I and So ko lovsky  (1 9 7 2 )  and Kuchel e ±  a l .  ( 1 9 7 5 ) .  G iven a s u b u n i t  

o f  3 7 ,8 0 0  Mr , as e s t i m a t e d  by SDS-PAGE, t h i s  I m p l i e s  a ( t r l m e r l c )  

s t r u c t u r e  fo r  the  p r o t e i n ,  s i m i l a r  t o  t h a t  o f  the  r a b b i t  enzyme ( V I e l I e — 

B r e l t b u r d  and O r t h ,  197 2 ) .  T r l m e r l c  p r o t e i n s  a r e  no t  v e r y  common.  

Indeed, d es p i te  th e  values determined fo r  the  r a b b i t  arg lnase (a n a t iv e  

Mr  o f  1 1 0 ,000  and a s u b u n i t  Mr  o f  3 6 , 5 0 0 ) ,  V I e l  l e - B r e l t b u r d  and O r th  

( 1972 )  suggested  t h a t  t h e  enzyme was a c t u a l l y  a t e t r a m e r  l i k e  r a t  

arg lnase (HIrsch-Kolb  and Greenberg, 1968) .

The o l i g o m e r i c  s t r u c t u r e  o f  a p r o t e i n  Is suggested  f rom  a 

knowledge o f  I t s  hydrodynamic p r o p e r t ie s  (n a t iv e  molecular  weight)  and 

I t s  r e l a t i v e  m o b i l i t y  In an e l e c t r i c  f i e l d  (subunit  s i z e ) .  Both o f  these  

techniques are  su b jec t  to  e r r o r  (see In t rod uct ion  and Results  f o r  more 

c o m p le t e  d i s c u s s io n s  o f  th e s e  p r o b le m s ) .  One way t o  d i s c o v e r  which o f



the  two measurements Is more l i k e l y  t o  c o n t r i b u t e  t o  mis leading values  

Is  t o  employ a second In d e p e n d e n t  m easurem ent  o f  t h e  p a r a m e t e r  In 

quest ion.  Researchers f re q u e n t ly  c a l c u l a t e  the  n a t iv e  s i z e  o f  a p ro te in  

by determ in ing I t s  sed im enta t ion  c o e f f i c i e n t  a t  high c e n t r i f u g a l  speeds. 

The a r g l n a s e  l i t e r a t u r e  c o n s i s t e n t l y  d e s c r i b e s  a ge l  f i l t r a t i o n  Mp 

e s t i m a t e  o f  110, 000 - 1 20 , 0 0 0 , and a c o r r e s p o n d i n g  s e d i m e n t a t i o n  

c o e f f i c i e n t  o f  5.7 S -  6.1 S. The values determined here in  fo r  L1B f a l l  

wel I w i t h i n  t h e s e  r a n g e s ,  and Im p ly  t h a t  t h e s e  measurements a r e  t h e  

c o r r e c t  ones.

The Stokes1 rad ius  o f  a p ro te in  Is a lso  o f te n  determined because I t  

Is a c t u a l l y  the e f f e c t i v e  hydrodynamic rad ius  o f  a macromolecule r a t h e r  

than the  molecular  w e ight  I t s e l f  t h a t  d e f ines  I t s  e l u t io n  p o s i t io n  from 

a Sephadex column ( S m i t h  and W i n k l e r ,  1967) .  I f  t h e  p a r t i a l  s p e c i f i c  

volume o f  a p ro te in  Is known (and I t  can be c a lc u la te d  from amino acid 

d a ta ) ,  the  molecular  weight  es t im a ted  from a gel f i l t r a t i o n  c a l i b r a t i o n  

c u r v e  (e .g .  F i g .  17) can be checked by c o m b in in g  S to k e s '  r a d i u s  and 

sedimentat ion  c o e f f i c i e n t  data.  When such a d e te rm in a t ion  was made fo r  

the  L1B enzyme. I t s  molecular  weight  was found t o  be 117,600. Again, the  

hydrodynamic In fo rm at ion  on L1B Is co n s is te n t .  In t h i s  regard ,  I t  should 

be noted t h a t  t h e  p a r t i a l  s p e c i f i c  vo lume o f  L IB  Is  c a l c u l a t e d  t o  be

0.745 ml /g  ( In  agreement w i th  Harel I and Sokolovsky, 1972). This  value  

i s  c h a r a c t e r  I s t I c  o f  a g l o b u l a r  p r o t e i n  w i t h  l i t t l e  a t t a c h e d  

c a r b o h y d r a t e ,  and so I t  c o n f i r m s  t h e  r e p o r t e d  low hexose c o n t e n t  f o r  

t h i s  enzyme.

Values In the  l i t e r a t u r e  fo r  the  arglnase subunit  Mp vary g r e a t l y :  

t h e  r a t  l i v e r  monomer has been r e p o r t e d  t o  be 2 6 ,0 0 0  ( P e l s e r  and



Balfnsky,  1982) and 3 0 , 0 0 0  (H Irsch-Kolb and Greenberg, 1968; Baranczyk-  

Kuzrna e ±  a l . ,  1976); the  r a t  l i v e r  plasma membrane arg lnase  which I n h i 

b i t s  t h e  g r o w th  o f  c e l  Is  In c u l t u r e  has a Mp o f  4 0 , 0 0 0  (Kawakama and 

T eray am a ,  1981) ;  t h e  human l i v e r  monomer Is  3 5 , 0 0 0  ( B e r u t e r  g ±  a l . ,  

1978) ;  and t h e  r a b b i t  l i v e r  s u b u n i t  Is  3 6 , 5 0 0  (VI e I I e - B r e I t b u r d  and 

O rth ,  1972). In ammontote l i e  Xenopus laev ls  l i v e r ,  the  arg lnase  monomer 

has a Mr  o f  1 8 ,0 0 0  ( P e l s e r  and Bal In s k y ,  198 2 ) ,  and In  e a r t h w o r m  g u t ,  

the  n a t i v e  enzyme Is a monomer whose s i z e  Is 27,000 (Reddy and Campbell ,  

1968). The d i s p a r i t y  In these values In d ic a tes  t h a t  any e r r o r  In judging  

the  o l ig o m e r ic  s t r u c t u r e  o f  L1B may a r i s e  from th e  SDS-PAGE measurement.

As discussed In the  In t ro d u c t io n ,  g lyco p ro te in s  behave anomalously  

In SDS. This Is p a r t i c u l a r l y  apparent a t  low percentages o f  aery I amide  

(Gahmberg and Anderson ,  1982) .  S in c e  L1B Is  a g l y c o p r o t e i n  (1-2?? by 

w e ig h t )  ( H a r e l I  and S o k o lo v s k y  (1 9 7 2 )  r e p o r t e d  a s i m i l a r  c o n t e n t  f o r  

t h e i r  p repa ra t ion  o f  bovine l i v e r  a rg ln ase ) ,  I t s  carbohydrate  moiety  may 

be r e s p o n s i b l e  f o r  a s l o w e r  m i g r a t i o n  th ro u g h  t h e  a c r y l a m l d e  th an  Is  

a c t u a l l y  mandated by I t s  s i z e .  T h is  r e t e n t i o n  would cause  t h e  s u b u n i t  

s iz e  t o  be ove re s t im a ted ,  and the  subun i t  number t o  be underest imated.  

Possible  problems of  t h i s  nature  may be averted by running a g lycopro

t e i n  sam ple  on SDS-PAGE In s e v e r a l  b u f f e r  s y s te m s ,  under  both  reduced  

and unreduced c on d i t io ns  (Poduslo, 1981). In t h i s  study o f  bovine l i v e r  

a r g l n a s e s ,  ho w eve r ,  t h e  e f f e c t  o f  c a r b o h y d r a t e  on p r o t e i n  m o b i l i t y  

through an SDS acry lam lde  gel has been assessed by ana lyz ing  the  Immune 

p r e c ip i ta te d  t r a n s l a t i o n  products o f  a r g ln a s e - s p e c l f I c  mRNAs by e l e c t r o 

p h o r e s is  so as t o  be a b l e  t o  compare  t h e i r  m i g r a t i o n s  t o  t h o s e  o f  

a u t h e n t i c  l i v e r  a r g l n a s e  p r o t e I n s .  I f  sugar  re s  I dues do c o n t r  i b u t e  t o



t h e  s l u g g i s h  m i g r a t i o n  o f  L1B, t h e n ,  because c a r b o h y d r a t e s  c a n n o t  be 

added t o  newly synthesized p ro te in s  In a r e t i c u l o c y t e  lysa te  t r a n s l a t i o n  

system, the  novo synthesized enzyme should move c lo s e r  t o  the  anode 

than the  arg lnase p r o te in  p u r i f i e d  from bovine l i v e r .  The r e s u l t s  shown 

In F i g .  23 I n d i c a t e  t h i s  does n o t  o c c u r  because a band w i t h  a mob I I f t y  

expected f o r  the  L1B p r o te in  appears In lane 5. The m ig ra t io n  o f  L1A Is 

n ot  I n f l u e n c e d  by p o s t - t r a n s I  a t  Io n a I  m o d i f i c a t i o n s  e i t h e r ,  because a 

5 0 ,0 0 0  Mp band app ears  In lan e  5 ( F i g .  23)  as wel I .

S i n g l e  am ino  a c id  s u b s t i t u t i o n s  have been demonstrated t o  a f f e c t  

m o b i l i t y  In SDS (deJong s ±  5± . ,  1978) .  For  e x a m p le ,  r e p l a c e m e n t  o f  

th reon ine  or  a la n in e  by p r o l l n e  decreases m ig ra t io n ,  as does replacement  

of  leucine and a la n in e  by g lu tam ine  and th re o n in e ,  r e s p e c t iv e ly .  Thus, 

d i f f e r e n c e s  In t h e  c h a r g e  o r  h y d r o p h o b lc l ty  o f  p ro te in s  may In f luence  

t h e t r  e l e c t r o p h o r e t i c  mob I I I t y .  M ak lno  and N i k i  ( 1977 )  r e p o r t e d  on a 

p r o t e i n  whose Mp v a l u e  d e t e r m in e d  by SDS-PAGE was g r e a t e r  than  

p r e d i c t e d .  The a u t h o r s  suggested  t h a t  an unusual  I n t e r a c t i o n  o f  t h e  

hyd ro phob ic  r e g i o n  o f  t h e  p r o t e i n  w i t h  SDS was r e s p o n s i b l e  f o r  t h e  

a ty p ic a l  m ig ra t io n  observed. Since L1B Is capable  o f  strong In te ra c t io n s  

w i t h  O c ty l  S epharose ,  I t  Is  c o n c e i v a b l e  t h a t  a s i m i l a r  p roce ss  Is  

occurr ing  as t h i s  enzyme complexes w i th  SDS. An examinat ion o f  the  data  

In T a b le  6 I n d i c a t e s  t h a t ,  o v e r a l I ,  L1B c o n t a i n s  more t h r e o n i n e ,  g I y -  

c l n e ,  l e u c i n e ,  and pro  l i n e  th an  t h e  o t h e r  b o v In e  a r g I n a s e  p r o t e  I n s ,  

w h i le  I t  has less a s p a r t i c  ac id ,  g lu ta m ic  ac id ,  and a la n in e .  The lack o f  

a la n in e  Is p a r t i c u l a r l y  s t r i k i n g .  Perhaps somewhere w i t h in  t h i s  Informa

t i o n  l i e s  a key t o  u n d e r s ta n d in g  t h e  b e h a v i o r  o f  L1B on SDS-PAGE, as 

w e l l  as an e x p l a n a t i o n  f o r  t h e  a p p a r e n t  d i v e r s i t y  in t h e  s i z e  o f  t h e



a r g I n a s e  subunit .

S ing le  p o in t  mutations In the  ( l i v e r )  gene may have c o n t r ib u te d  t o  

t h i s  d ivergence In p r o p e r t ie s  because changing a n u c le o t id e  In the  codon 

o f  one o f  the  above mentioned amino acids w i l l  conver t  I t  In to  another.  

For e x a m p le .  I f  t h e  a l a n i n e  codon,  GCU, Is  changed t o  ACU, t h e  amino  

ac I d t  hr  eon I ne w I I I be p u t  I n to  t h e  po I y p e p t  I de cha I n I n s tead  o f  a l a 

n i n e .  Depending on t h e  l o c a t i o n  and t h e  r o l e  o f  t h i s  new amino a c i d  

w i t h i n  t h e  p r o t e i n ,  such a s u b s t i t u t i o n  c o u ld  c o n c e i v a b l y  m o d i fy  t h e  

process  Ing o f  t h e  mo I ecu Ie  such t h a t  a lo n g e r ,  b u t  s t i l l  f u n c t i o n a l ,  

a r g l n a s e  s u b u n i t  would be made. Sequencing o f  t h e  b o v in e  a r g l n a s e  

gene(s) may re s o lv e  t h i s  po in t .

The e l e c t r o p h o r e t i c  m ig ra t io n  o f  bovine l i v e r  and b ra in  arglnases  

on <tlsc g e l s  Is  p r e s e n te d  In F i g .  8 . Because t h e  n a t i v e  m o l e c u l a r  

w e ig h t s  o f  t h e s e  p r o t e i n s  a r e  v e r y  s i m i l a r  ( T a b l e  4 ) ,  t h e  d i f f u s e  

s t a in in g  p a t te rn s  which a re  observed must a r i s e  from charge d i f f e r e n c e s  

betw een  t h e  m o le c u le s  w i t h i n  each p r e p a r a t i o n .  The tw o  d im e n s io n a l  

separa t ion  o f  LIB and L1A arglnases (F ig .  13) conf i rms t h i s  conclusion  

s i n c e  t h e  n e t  c h a rg e  o f  t h e  u n i f o r m l y  s i z e d  s u b u n i t  In each sam ple  Is 

dispersed over a range o f  va lues .

One w i d e l y  r e c o g n iz e d  s o u rc e  o f  c h a rg e  h e t e r o g e n e i t y  be tw een  

s i m i l a r  molecules Is t h e i r  v a r i a b l e  c a r b o h y d r a t e  c o n t e n t  (Sanders  and 

R u t te r ,  1972; Sidorowlcz  g±  a l . ,  1980; Baumann and Held, 1981; Carlsson  

and S t lgbrand,  1982). At l e a s t  two o f  the  bovtne arg lnase  p repara t ions  

(L1B and B1B) conta in  a d e te c ta b le  sugar component, and t h e r e f o r e  t h i s  

m o i e t y  may p a r t i a l l y  be r e s p o n s i b l e  f o r  t h e  lack  o f  a sharp  banding  

p a t t e r n  which Is  c o n s i s t e n t l y  observed  d u r i n g  a n a l y s i s  by d i s c  gel



e le c t r o p h o r e s is .

The In f lu en c e  o f  carbohydrate  on the  e l e c t r o p h o r e t i c  m ig ra t io n  of  

t h e s e  enzymes m ig h t  be d e t e r m in e d  by a l t e r i n g  t h e  s u g a r ,  b u t  n o t  t h e  

amino a c i d ,  c o n t e n t  o f  t h e  p o l y p e p t i d e .  Such a m o d i f i c a t i o n  o f  t h e  

enzymes could be accomplished by Incubating the  p repara t ions  w i th  sugar  

c leav in g  enzymes I i k e 0 -mannosldase or neuraminidase which would remove 

mannose o r  s i a l i c  a c i d  r e s i d u e s ,  r e s p e c t i v e l y .  I f  c a r b o h y d r a t e  does 

a f f e c t  m o b i l i t y ,  then th e  p r o te in  s t a in in g  p a t te rn  should be changed by 

t h i s  t re a tm e n t .  Because the  exa c t  composit ion o f  the  sugars a t tached to  

a r g l n a s e  p r o t e i n s  Is  unknown, a v a r i e t y  o f  g I y c o s i d a s e s  shou ld  be 

employed In such an e x p e r i m e n t  t o  e n s u re  t h a t  a t  l e a s t  one o r  more o f  

t h e  c a r b o h y d r a t e  r e s i d u e s  Is  removed.  W i t h o u t  a w id e  s a m p l in g  o f  

c l e a v i n g  enzymes,  a n e g a t i v e  r e s u l t  c o u ld  mean s i m p l y  t h a t  an 

I n e f f e c t i v e  enzyme had been chosen f o r  the  exper iment .

A n o th e r  p o t e n t i a l  s o u rc e  o f  a r g l n a s e  c h a rg e  h e t e r o g e n e i t y  was 

a c t u a l l y  In ves t ig a ted  In t h i s  study. As can be seen by comparing Fig.  10 

w i t h  F i g .  8 , and F i g s .  14 and 15 w i t h  F i g .  13, t h e  Mn^+ c o n t e n t  o f  t h e  

p r o t e i n s  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e i r  c h a r g e s .  The loss  o f  Mn2+ 

d u r I n g  e I e c t r o p h o r e s t s  Is  w e l l  documented ( H I r s c h - K o I b  e t  a i . ,  1971;  

B o u t i n ,  1982 ) ,  so t h a t  t h i s  f i n d i n g  f o r  b o v in e  a r g l n a s e s  Is no t  

s u r p r i s i n g .  What s h o u ld  be noted  a b o u t  t h e s e  e x p e r i m e n t s ,  ho w eve r ,  Is  

the  f a c t  t h a t  they revea l  d i f f e r e n c e s  In the  binding o f  Mn^+ t o  arglnase  

p r o t e i n s .  L1B ho lds  o n to  t h e  m eta l  q u i t e  f i r m l y  because I t s  s t a i n i n g  

p a t te rn  a f t e r  d isc  gel e le c t ro p h o re s is  Is not In f luenced to  any ex ten t  

by t h e  I n c l u s i o n  o f  Mn^+ o r  EDTA In t h e  g e l .  The tw o  d im e n s io n a l  

separa t ion  o f  L1B p r o te in  under a v a r i e t y  o f  con d i t io ns  does not change



n o t i c e a b l y  e i t h e r .  In c o n t r a s t ,  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  L1A 

depends s t ro n g ly  on I t s  metal conten t  (compare Figs.  13B, 14B, 15B), as 

does t h e  m i g r a t i o n  o f  t h e  b r a i n  a r g l n a s e  p r o t e i n s  ( F i g s .  8 and 10) .  

C l e a r l y ,  some s i n g u l a r  f e a t u r e  o f  t h e  L1B enzyme (e .g .  a un ique  

c o n f o r m a t i o n ,  a p a r t i c u l a r  amino a c i d  c o m p o s i t i o n ,  e t c . )  p r e v e n t s  a 

s i g n i f i c a n t  loss o f  I t s  Mn^+ a c t i v a t o r  dur ing a n a ly s is .

The g r e a t e r  s t a b i l i t y  o f  L1B s im p11f les  I t s  physicochemical charac

t e r i z a t i o n ,  and may a ls o  exp la in  the  c o in c id e n t  e l u t io n  o f  I t s  p ro te in  

and a c t i v i t y  p r o f i l e s  f ro m  gel  f i l t r a t i o n  columns as opposed t o  t h e  

noncoincidence observed In the  p a t t e r n s  o f  t h e  o t h e r  b o v in e  a r g l n a s e s  

t e s t e d .  Gel f I I t r a t l o n  Is  known t o  remove Mn^+ f rom a r g l n a s e  ( H i r s c h -  

KoI b a t  at *#  1970; 197 1 ) .  The S -2 0 0  and t h e  G-1 50 co I  umns used In t h i s  

study were not e lu ted  w i th  Mn2+- c o n ta ln In g  b u f f e r ,  so t h a t  I t  Is l i k e l y  

t h a t  some metal was lo s t  from the  p repara t ions  as they ran through these  

columns. The consequence o f  a lowered Mn2+ content  should be a decrease  

In t h e  c a t a l y t i c  e f f i c i e n c y  o f  t h e  enzym es,  b u t  because t h e  column  

f r a c t io n s  were always assayed In b u f f e r  t h a t  contained Mn2+, some enzyme 

a c t i v i t y  could be detec ted .  The lack o f  concurrent  p ro te in  and a c t i v i t y  

p r o f i l e s  f o r  t h e  L1A, B1A, and BIB po o ls  a p p l i e d  t o  ge l  f i l t r a t i o n  

columns might,  t h e o r e t i c a l l y ,  be caused by an I r r e v e r s i b l e  loss o f  metal  

Ion In those f r a c t io n s  e l u t i n g  a t  the  lagging edge of  the  p ro te in  peak. 

Such a loss would p r e v e n t  t h e  e x p r e s s i o n  o f  enzyme a c t i v i t y  In t h e s e  

a l iq u o ts  although the arg lnase molecules a re ,  In f a c t ,  present.

The unusual e l u t i o n  p a t te rn  observed when bra in  arglnase prepara

t i o n s  a r e  loaded o n to  a HPLC column may a l s o  be a Mn2+ e f f e c t .  Under  

con d i t io ns  o f  high pressure,  these p ro te ins  may both combine In to  macro-



molecular  aggregates and d is s o c ia te  In to  subunits .  Such an e f f e c t  occurs 

when these enzymes are  subjected t o  e lec t ro p h o re s is  In the  presence of  

EDTA (Fig . 10). Although poss ib ly  In a c t iv e  In these several  co n f ig u ra 

t io n s ,  I f  t es ted  In Mn2+-contaIn lng assay b u f f e r ,  the  m u l t i p le  p ro te in  

peaks a p p a r e n t  In each sam ple  may (and In d eed ,  do) e x p re s s  a r g l n a s e  

a c t i v i t y .  This theory  should be v e r i f i e d  by observing the  e f f e c t  on the  

e l u t i o n  p r o f i l e  o f  add ing  Mri2+ +0 t h e  e l u a n t .  Al t e r n a t  I ve I y ,  samp I es 

co u ld  be run as b e f o r e ,  and th en  t h e y  c o u ld  be assayed In b u f f e r  which  

lacked Mn2+ so as to  determ ine  which o f  the  peaks Is the  a c t i v e  form of  

the  enzyme.

In summary, t h i s  research has consis ted o f  a In v e s t ig a t io n  of  the  

p h y s ic o c h e m ic a l  p r o p e r t i e s  o f  t h e  a r g l n a s e  p r o t e i n s  found In b o v in e  

l i v e r  and b r a i n  t i s s u e s .  A p u r i f i c a t i o n  scheme has been dev I sed which  

y ie ld s  homogeneous p repa ra t ions  o f  tw o  d i s t i n c t  l i v e r  a r g l n a s e s .  Four  

separa te ,  r e l a t i v e l y  pure ( a t  leas t  80-85% p u r e  as judged by SDS-PAGE), 

bra in  arglnase p ro te in s  have a lso  been Is o la te d .  A l l  o f  these p ro te ins  

re q u i re  Mn2+ fo r  a c t i v a t i o n ,  and they share a pH optimum a t  pH 10. T he ir  

e l e c t r o p h o r e t i c  m o b i l i t i e s  dur ing d isc gel e le c t ro p h o re s is  are s i m i l a r ,  

as are  t h e i r  n a t iv e  molecular  weights . The o v e r a l l  amino acid composi

t i o n s  o f  b o v i n e  a r g l n a s e s  a r e  a l i k e ,  b u t  t h e r e  a r e  n o t i c e a b l e  

d i f f e r e n c e s  which p r o b a b ly  a cc o u n t  f o r  the d i v e r s i t y  In the s t a b i l i t y  

and t h e  h y d r o p h o b I c I t y  o f  t h e  s e v e r a l  p r o t e i n s .  The s u b u n i t  s i z e s  and 

o l ig o m e r ic  s t ru c tu res  a lso  vary between arglnase Isozymes.

F u t u r e  s t u d i e s  sho u ld  be aimed a t  t h e  r e l a t i o n s h i p  between t h e  

amino acid composit ion and the  func t iona l  p ro p e r t ie s  of  these arglnase  

Isozymes. Also g en et ic  s tud ies  should be undertaken,  using a cDNA probe,



t o  determine the  number o f  arglnase genes w i t h in  the  bovine genome, and 

the r e g u la t io n  o f  t h e i r  express ion.
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