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SUMMARY 

I The molecular weight of human hver arglnase (L-arglnlne amldlnohydrolase, 
EC 3 5 3 I) as determined by  gel filtration was found to be 118 ooo 

2 Incubation of the enzyme with EDTA followed by dialysis resulted an an 
inact ivated enzyme with a molecular weight of about 30 ooo I t  is suggested that  the 
native enzyme is composed of four subunlts 

3 Addition of Mn ~+ to the inactive subumts resulted an the regeneration of the 
enzymatic act ivi ty  The molecular weight of the regenerated enz 5 me was found to be 
that  of the native enzyme 

4 The native enzyme and the subumts differ in Ion exchange chromatography 
and electrofocuslng beha,,iour 

INTRODUCTION 

The activation of arglnase (L-arglnme amldlnohydrolase, EC 3 5 3 i) by divalent 
metal  Ions, especially Mn 2+, is a well documented fact 1 However, the exact role of the 
metal  ion in the catalytic act ivi ty  of the enzyme has not been clearly established 
The work presented in this report  describes the effect of Mn ~+ on the quaternary 
structure of human hver argmase and relates this effect to the act ivi ty of the enzyme 
Conditions are described for the reversible dissociation of the enzyme into subunlts 

MATERIALS AND METHODS 

Arglnase act ivi ty  was determined, after activation with I mM MnC12, by 
incubation in arglnlne solutions for IO rain at 25 °, and measulmg the urea produced 
with lSonltrosopropiophenone 2 Protein concentrations were determined by 280 nm 
absorption or by the method of LOWRY et al  3, using bovine serum albumin as a 
s tandard 

Human hver argmase was purified as described by BASCUR et al  4 According 
to this procedure, the chromatography of part ial ly purified preparations on a CM- 
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cellulose column equi l ib ra ted  with  5 mM Trls-HC1 (pH 7 4) resolves the  enzymat i c  
ac t i v i t y  into two pro te in  f ract ions The exper iments  r epor ted  in the present  pape r  
were per formed wi th  the  f ract ion conta in ing the highest  enzymat i c  ac t iv i ty ,  t ha t  
e lu tmg from the column at  o IO-O 14 M KC1 The enzyme p repa ra t ion  ob ta ined  under  
these condi t ions is ac t ive  even in the  absence of added  Mn 2+, bu t  to be sure t h a t  the 
enzyme was ful ly ac t i va t ed  it was incuba ted  wi th  I mM MnC12 in 5 mM Trls-HC1 
(pH 7 5) for 30 m m  at  37 ° Af ter  this  Incubat ion  the enzymatm ac t i v i t y  increases less 
than  IO°'o and no fur ther  Increase is observed  af ter  longer Incubat ion even with 
higher  concent ra t ion  of  the  me ta l  Ion 

I n a c t l v a n o n  of  the  enz~ me was per formed  b y  incuba t ion  with  30 mM E D T A  
in 5o mM Tns-HC1 (pH 7 5) for 6o mln at  37 °, followed b y  an exhaus t ive  dialysis  
aga ins t  glass-bldls t l l led wate r  Under  these condit ions,  an enzyme p repa ra t ion  is 
ob ta ined  with  no enzymat i c  act lvl t}  in the  absence of added  Mn 2+ Throughou t  this  
work  this  enzyme p repa ra t ion  will be referred to as " E D T A - t r e a t e d  enzyme"  In the  
gel f i l t rat ion,  ion exchange c h r o m a t o g r a p h y  and electrofocusmg exper iments  per- 
formed with  thlb enzyme prepara t ion ,  the  fract ions from the colmnns were ana lyzed  
for a rgmase  ac t iv i ty  af ter  incubat ion  wi th  I mM MnC12 for 3 ° mln at  37 ° 

Molecular  weights  were de te rmined  by  gel f i l t ra t ion on Sephadex  G-Ioo and 
G-2oo columns,  as descr ibed b y  ANDREWSS, ~ E lu t lon  was per formed wi th  IO mM 
Trls-HC1 (pH 7 5 or 8 o) conta in ing  2o mM KC1, and  2-ml fract ions were collected 
The column waa s t anda rd ized  with  blue dex t ran ,  de te rmined  by  i ts  absorp t ion  at  
625 nm, and some prote ins  of k n o ~ n  molecular  weight  R a t  l iver arglnase (mol wt  
118 ooo) 7 was de t e rmined  as descr ibed for the  h u m a n  ll~ er enzyme Lac ta t e  dehydro-  
genase (L-lactate N A D  + oxldoreductase ,  EC I I I 27) (mol wt  14o ooo) 6 was assayed 
b? the  me thod  of  KORNBER68 Bovine  serum a lbumin  (mol wt  69 ooo) 9 was deter-  
mined  b y  its absorp t ion  at  28o nm Rennin  (EC 3 4 4 3) (mol wt  34 4oo) 5 was deter-  
mined  b} its absorp t ion  at  23o nm Horse  hear t  ey tochrome c (mol wt  12 4oo) ~ was 
de te rmined  bv  its absorp t ion  at  425 nm 

Isoelec tnc  focusing was per formed essentmll  3 as descr ibed b y  VE~,IERBER(, 
AND SV~NSSO~ 1°, with the  use of carr ier  ampho ly tes  of  L K B - P r o d u k t e r ,  Stockholm,  
to es tabl ish a p H  grad ien t  be tween 7 and IO The amoun t  of  pro te in  appl ied  to the 
column was 4 rag, and  the vol tage  appl ied  was increased stepwlse from 3oo to 5oo V, 
and  then  kep t  cons tan t  a t  5oo V The column t empera tu r e  was 8 ° Fo r  each fract ion 
of 2 ml, enzyme ac t iv i ty  af ter  Mn 2. ac t iva t ion ,  and  p H  was de te rmined  

L-Argmme and  all the  ca l ibra t ing  prote ins  used except  ra t  li,~er a rgmase  were 
purchased  from Sigma Chemical  R a t  l iver  argmase was purif ied according to the 
procedure  of  SCHIMKE 11 Sephadex  G-Ioo,  G-2oo, and  Blue D e x t r a n  2ooo were 
purchased  from Pharmac la ,  Uppaa la  All  o ther  chemicals  ~ ere of ana lv t lca l  grade or 
of  the  highest  pu r i t y  ax affable 

R E S U L T S  

Molecular weight of  actn, ated and EDTA-treated enz~'me 
Purif ied h u m a n  l iver  arglnase was ful ly ac t i va t ed  and  examined  by  gel f i l t rat ion 

in order  to ob ta in  an es t imat ion  of  Its molecular  weight  The results  ob ta ined  on a 
Sephadex  G-2oo column ca l ib ra ted  wi th  a high molecular  weight  dex t r an  and 4 
pro te ins  of  known molecular  weight ,  are shown in Fig  I I t  is seen t ha t  the  elut lon 
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volume of  the  h u m a n  hver  a rgmase  corresponds exac t ly  to t h a t  of  the  ra t  hver  
argmase,  for which a molecular  weight  of 118 ooo has been r e p o r t e &  The coincident  
elut lon volumes then  indica te  t ha t  the  enzymes  ob ta ined  from bo th  m a m m a l i a n  
sources have  a ve ry  s imilar  molecular  weight  

When  the  E D T A - t r e a t e d  enzyme was ana lyzed  b y  gel f i l t rat ion on Sephadex  
G-Ioo,  a molecular  weight  of abou t  3o ooo was ob ta ined  (Fig 2) The ac t i v i t y  of  the  
fract ions was assayed  af te r  ac t iva t ion  with  Mn 2+ as descr ibed an MATERIALS AND 
METHODS The molecular  ~ e l g h t  de t e rmined  for the  E D T A - t r e a t e d  enzvme as again 
in agreement  ~ l t h  the  molecular  weight  of  the  subunl t s  of  argmase ob ta ined  from 
other  sources v,12 and  suggests t ha t  the  h u m a n  l iver  enzyme is a t e t r a m e r  
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Fig  i E s t i m a t i o n  of the  molecu la r  we igh t  of fu l ly  a c t i v a t e d  h u m a n  l iver  a rgmase  on ~;ephadex 
G-2oo Column size 2 cm < 5 ° cm,  buffer io  mM Tns-HC1 (pH 7 5) con t a in ing  2o mM KC1 
The p ro te ins  used as s t a n d a r d s  ~ e r e  cy toch rome  c ( ( Y T  c), bovine  se rum a l b u m i n  (BS~), r a t  
hx er a rgmase  (RL ~) and  l ac t a t e  deh-~drogenase (LDH) 

Fig  z Molecular  we igh t  of  E D T A - t r e a t e d  enzyme  The co lumn of Sephadex  G- ioo  (I 7 cm ,< 
5 ° cm) x~as ca l ib ra t ed  w i t h  cy toch rome  c (CY'I c), rennin,  bov ine  se rum a l b u m i n  (BbA) and 
r a t  hve r  a rgmase  (RLA~ The resul t s  are p resen ted  as a p lo t  of the  ra t io  of the  p ro t e in  e lu t lon  
~olume (Ve) to the  colun, n ~old vo lume  (Vo) a g a i n s t  log mol  ,~t of the  p ro te ins  The ar row 
m d m a t e s  the  resu l t  ob t a ined  af ter  r e a c t l va t . on  of the  low molecu la r  we igh t  species of the  h u m a n  
h~er  a rg lnase  

The revers ib i l i ty  of  the  dissociat ion process of the  na t ive  h u m a n  laver a rgmase  
was also inves t iga ted  Fo r  this  purpose  the  fract ions ob ta ined  in the  gel f i l t ra t ion 
exper iments  of  the  E D T A - t r e a t e d  enzyme were concen t ra ted  b y  lyophyhza t lon  and  
ac t i va t ed  bv  incuba t ion  wi th  I mM MnC12 in Tns-HC1 (pH 7 5) for 3o m m  at  37 °, 
followed b y  dialysis  for 6 h agains t  5 mM Tns-HC1 (pH 7 5) conta in ing I mM MnCI~ 
Af ter  this  t r ea tmen t ,  the  enzyme was f i l tered into  the  same Sephadex  G- ioo  column 
The elut lon volume of  the  p ro te in  ac t i va t ed  under  these condi t ions  was ident ica l  
wi th  t ha t  of the  ac t i va t ed  na t ive  enzyme,  and  the  ac t i v i t y  measured  in the  absence 
or presence of  added  Mn 2+ was found to be essent ia l ly  the  same This  indica tes  t ha t  
the  r eac t iva t ion  was accompan ied  b y  the  reassocaatlon of  the  subunl t s  
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Fig 3 Chromatograph'~- of activated and EDTA-treated enzyme on DEAE-cellulose Coluinn 
s1ze i 7 cm ~ 19 cm Other details are given ]n Ma.TERIALS AND METHODS A Activated enz~nle 
t3 EDT~k-treated enzyme 

Behavzoztr of  actzvated and E D TA-treated enzyme on zo~z-e~change chromatography aJzd 
electro[ocz~s,ng 

Upon chromatography ot the fully act ivated enzyme on DEAE-cellulose eqm- 
hbra ted  with 5 mM Tr]s-HC] (pH 7 4), all the enzymat ic  ac t iv i ty  emerges from the 
column at the buffer front I f  after elut lon of the enzyme, the column ]s washed with 
the elutlng buffer and then with 5 mM Tns-HC1 (pH 7 4) containing o 4 M KC1 no 
addi t ional  ac t lwty  IS detected, confirming the previously reported findings of BA.',CUR 
et al 4 (Fig 3 A) However, when the EDTA-t rea ted  enzyme was ehromatographed 
under  the same condltlon~ as tha t  employed for the fully act ivated enzyme, no 
enzymat ic  ac t iv i ty  could be detected at the buffer f ront ,  ]n this case, the enzyme 
elutes with the buffer conta in ing o 4 M KC1 (Fig 3B) The ac t lwty  of the fractlon~ 
was again measured after react ivat ion with manganese  
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Fig 4 l s o e l e c t r l c  f o c u s i n g  ot a c t i v a t e d  a n d  E D T A - t r e a t e d  e n z v l n e  E ] e c t r o f o c u ~ l n g  e x p e r i m e n t s  
w e r e  c a r r i e d  o u t  as  d e s c r i b e d  m MATERIALS ~XI~D METHODS 3k A e t l ~ a t e d  enzTyme 13 E D T A -  
t r e a t e d  e n z y m e  
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The results obtained by chromatography on DEAE cellulose were confirmed 
by  electrofocuslng of the act ivated and EDTA-trea ted  enzymes as described in 
MATERIALS AND METHODS The results presented in Fig 4 A show that  in the case of 
the act ivated enzyme, the maximal  arginase act ivi ty  is found in the fraction corre- 
sponding to pH 9 2 On the other hand, when the EDTA treated enzyme is submitted 
to lsoelectrlc focusing, the maximal  act ivi ty  corresponds to the fraction with pH 6 6 
(Fig 4 B) The results obtained with the fully act ivated enzyme are in good agreement 
with those reported by HIRSH-KOLB et al 13 for rat  liver argmase 

DISCUSSION 

The experiments presented above demonstrate the effect of Mn 2+ on the quater- 
nary structure of human liver arglnase The presence of this metal  ion is apparent ly  
required to maintain the active conformation of the enzyme, which has a molecular 
weight of 118 ooo The molecular weight of the human liver enzyme is similar to that  
previously described for the ra t  liver te t ramer  7 

Withdrawal  of the metal  ions apparent ly  results in dissociation of arglnase into 
subunlts of molecular weight of about 30 ooo These subunlts are inactive when 
assayed in the absence of manganese but  can be reactivated by prelncubatmon with 
Mn 2+ under the conditions described The reactivation t reatment  causes the enzyme 
to reassoclate to yield again the active te t ramer 

Rat  hver argmase has been dissociated with 8 M urea into subunlts having a 
molecular weight of 30 80o by  HIRSH-t(OLB et al 7 These authors do not report the 
reassoclatlon of the subunlts More recently, these same researchers 13 have described 
experiments in which they have withdrawn manganese by  extensive dialysis and 
found tha t  this t reatment  causes the metal  ion to be reduced from 4 to 2 atoms per 
molecule of tetramerlc enzyme Under these conditions the enzyme retains 50% of its 
original act ivi ty  Fur ther  removal of metal  caused irreversible reactivation of their 
enzyme preparation This apparent  discrepancy with our results may be explained by  
the different method used in the removal of manganese We have found that  it AS 
essential to Incubate the enzyme at 37 ° with 30 mM EDTA prior to dialysis in order 
to remove quickly and efficlentlv the manganese ions That  this discrepancy is not 
due to an intrinsic difference betu een the enzyme from both sources is suggested by 
the findings of SOROF AND KISH 14 These researchers have found that  the soluble 
proteins of rat  hver obtained in the absence of added Mn 2+ can be resolved by gel 
filtration into two or more molecular species of arglnase, one of these species, detected 
after activation with Mn **, was presumed to be an enzyme subumt No reassociatlon 
experiments were, however, presented in this case In the light of the results reported 
in the present paper, the findings of SOROF AND KISS 14 would be then explained by 
the removal of manganese followed by dissociation of the enzyme Very recently, 
HIRSH-KOLB et al 1~ have reported for the beef liver argmase a molecular weight of 
30 ooo determined by gel filtration Since analytical  ultracentrlfugatlon of beef liver 
argmase yielded a molecular weight of about 13o ooo, it was suggested tha t  the 
molecular weight determined by gel filtration corresponded to that  of the dissociated 
enzyme However, as in the experiments of  SOROF AND KISH 14, no reassoclatlon studies 
were presented 

Studies are presently in progress In our laboratory regarding the exact role of 
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m a n g a n e s e  m t h e  m a i n t e n a n c e  of  t h e  s t r u c t u r e  o f  t h e  ac t ive  e n z y m e  a n d / o r  m t h e  
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