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Zusammen/assung. [sol ier te  Submandibu la r i sd r i i sen  des 
Meerschweinchens  wurden  in physio logischer  Puffer-  
16sung mi t  sekre t ionss t imul ie renden  Subs tanzen  in- 
kubiert .  Dopamin ,  Noradrenal in ,  Adrena l in  und  5-HT 
induzieren  die Sekre t ion  yon  Pe roxydase  und  Amylase ,  
w~hrend der  Se ro ton inan tagon i s t  BOL 148 (2-Bromo-D- 
LysergsSmre Die ty lamid)  eine be inahe  vo l l s t ind ige  Sekre- 
t i o n s h e m m u n g  hervorruf t .  BOL 148 ha t  sich also n ich t  

als spezifisch 5 - H T - h e m m e n d  an der  Meerschweinchen-  
speicheldri ise erwiesen. 
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D i s s o c i a t i o n  of  E r y t h r o c y t e  C a t a l a s e  in to  S u b u n i t s  

Catalase (E.C. 1.11.1.6.) of var ious  origin has been  
shown to consis t  of 4 ident ica l  subuni t s  w i th  a molecular  
weight  of app rox ima te ly  60,0001-a. The dissociat ion of th is  
o l igomer-enzyme into  d imer  and  m o n o m e r  par t ic les  
proceeds  slowly when kep t  a t  neu t ra l  p H  in di lute  solu- 
t ion 4. However ,  th is  decompos i t ion  can be accompl ished 
wi th in  a few minu tes  in concen t r a t ed  urea solut ion or by  a 
shif t  of pt-I (below 4 or above 11, 5,s). Unde r  appropr i a t e  
expe r imen ta l  condi t ions ,  th is  in te reonvers ion  is reversible,  
t hus  p e r m i t t i n g  a s t u d y  of the  decompos i t ion  of the  
catalase  molecule as well as its re-associa t ion f rom sub- 
units.  

In  order  to get  more  ins ight  into the  forces ac t ing  
be tween  subuni ts ,  bo th  react ions  have  been  followed. 
This is fac i l i ta ted  by  the  fact  t h a t  only the  ca ta la t ic  
ac t iv i ty  - b u t  no t  the  peroxida t ic  ac t iv i ty  - of th is  
enzyme  is lost  a f ter  its dissociat ion into subuni ts .  Fu r the r -  
more, ant igenic  d e t e r m i n a n t s  specific for the  t e t r a m e r  
par t ic le  d i sappear  upon dissociat ion.  This  dissociat ion - 
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Fig. i. Inactivation of human erythrocyte catalase in a final con- 
centration of 4 M urea (D -- []) ; 6 M urea ( A -- A ) ; 8 M urea (�9 -- �9 ; 
control in 0.1 M phosphate buffer pH 7.2. ( � 9  

and  T h e i r  R e - a s s o c i a t i o n  

re-associat ion process  pe rmi t s  a direct  follow-up of 
a l te ra t ions  in bo th  enzymat i c  and  ant igenic  proper t ies  
of the  par t ic les  involved.  The ra te  of re-associat ion can be 
inf luenced by  o ther  pro te ins  in the  solution. 

Materials and methods. H u m a n  e ry th rocy te  cata lase  
was isolated f rom normal  blood by  the m e t h o d  of 1V[ORI- 
KOFER et al. v and AEBI e t a l .  4. The effector  p ro te ins  used 
were Bovine se rum albumin,  h u m a n  IgM (gift f rom Prof.  
BARA~DUN) and  the  IgG fract ions  of the  a n t i - h u m a n  
e ry th rocy te  cata lase  ant ibodyS.  

Inac t iva t ion  of catalase was achieved essential ly by  the  
m e t h o d  of SI~PITSBER~ s. Samples  conta in ing  5.6 mg /ml  
catalase  were b rough t  to  an 8, 6 and 4 M urea-concent ra-  
t ion by  using a 10 M urea solut ion ad jus ted  to  p H  7 wi th  
HC1. The catalase in urea was  left a t  20~ for t ime  per iods  
f rom a few sec up to 15 min.  Inac t iva t ion  was s topped  by  
di lut ing the  samples  wi th  0.1 M phospha t e  buffer  p H  7.2 
to a 3 M urea-concent ra t ion .  

Re-ac t iva t ion  s tudies  were pe r fo rmed  wi th  samples  
conta in ing  16.3 mg /ml  catalase,  which  had  been in- 
ac t iva ted  wi th  urea for 3 rain a t  20 ~ (final concent ra-  
t ion  8 M). The samples  were then  d i lu ted  to a 3 M urea- 
concen t ra t ion  by  the  addi t ion  of 0.1 M p h o s p h a t e  buffer  
p H  7.2, or by  the  same buffer  con ta in ing  10 m g / m l  final 
concen t ra t ion  of var ious  proteins .  Re-ac t iva t ion  was  
achieved by  open dialysis of 1-2 ml  samples  in an ice- 
b a t h  agains t  500 ml of the  1)hosphate buffer  for up to  8 h 
wi th  a change of buffer  af ter  6 h. The samples  in the  
dialysis bags were mixed  prior  to  the  removal  of a l iquots  
for analysis  a t  var ious t ime  intervals .  

Catalase ac t iv i ty  was de te rmined  spec t ropho tomet r i ca l -  
ly by  direct  m e a s u r e m e n t  of the  decrease of l ight  absorp-  
t ion at  240 rim, caused by  the  decompos i t ion  of hydrogen  
peroxide  by  catalase  9,1~ Urea  concen t ra t ion  was mea-  
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Fig. 2. Reactivation of human erythrocyte catalase after 3 min 
inactivation in a final concentration of 8 M urea, followed by dilu- 
tion to 3 M urea with 0.1 M phosphate buffer pH 7.2 only or with 
buffer containing various proteins in a final concentration of 10 mg/ 
ml. Open dialysis of the inactivated samples was pertormed for 8 h 
against 500 ml of the same buffer, with a change of buffer after 6 h. 
Dilution with: buffer only (�9 �9 buffer containing B SA (A-- ~); 
buffer containing anti-catalse IgG ( A-- A) ; buffer containing human 
IglV[ (E2--[2); control sample, dilution with buffer only, but no 
dialysis (O-- @) ; - - ,  urea concentration. 

Fig. 3. Double immunodiffusion tests : Antigenic properties of inacti- 
vated and reactivated erythrocytes catalase. Upper: peroxidase 
activity stain; lower: catalase activity stain. 1, Human erythrocyte 
catalase (HEC) ; 2, inactivated HEC ( = Dimer) ; 3, reactivated enzyme 
(= HEC); *, anti-eatalase IgG. 
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sured wi th  an au to-ana lyzer  n. Double immunodi f fus ion  
tes t s  were pe r fo rmed  according to  Ouchte r lony  12. Detec-  
t ion of peroxidase  act ive precipi t in  lines was achieved by  
apply ing  a subs t ra te  mix tu re  on the  plates,  consis t ing of 
5 ml  0.5~o o-dianisidine in m e t h a n o l  and 95 ml  0.003% 
hydrogen  peroxide.  Catalase act ive precipi t in  lines 
w e r e  visual ized by  the  m e t h o d  of THORUP et al. 13, af ter  
impregna t ion  of the  well washed  and  dried agar  p la tes  
wi th  a 2~o s ta rch  solut ion for 2 h a t  45 ~ 

Results. Catalase,  when  b rough t  i n  concen t ra t ed  urea  
solut ion rap id ly  loses its H202-decomposing act iv i ty .  As 
shown in Figure  1, inac t iva t ion  is comple ted  in 8 2I/I urea 
after  a few rain, whereas  it proceeds  more  slowly at  lower 
urea-concent ra t ions  (4-6 M). In  the  s t an d a rd  procedure  - 
incuba t ion  in 8 M urea for 3 min  - ac t iv i ty  is reduced to  
abou t  3% of the  init ial  value (~ in Figure 1). If  such a 
sample  of inac t iva ted  catalase  is d ia lyzed against  buffer-  
solut ion in order  to remove  the  urea, catalase ac t iv i ty  
gradual ly  reappears .  Af ter  2-3 h, when  urea-concent ra-  
t ion  has fallen to an insignif icant  level, abou t  half  the  
original  ac t iv i ty  can be detec ted .  As shown in Figure 2, 
the  presence of bovine se rum a lbumin  has  a s l ight ly 
accelerat ing,  IgG and  IgM an inh ib i to ry  effect.  Af ter  
8 h of dialysis cata lase  ac t iv i ty  (per ml) has  reached  
60-80~o of the  original  level. The inh ib i to ry  effect  of IgG 
is re la t ively  small  under  the  condi t ions  descr ibed above,  
i.e. 16.3 mg /ml  catalase  (Figure 2). However ,  the  effect  
becomes  the  more  p ronounced  the  lower the  catalase  
concent ra t ion .  If  the  same t y p e  of expe r imen t  is pe r fo rmed  
using 5 mg /ml  catalase,  the  reac t iva t ion  af ter  8 h amo un t s  
to 40-50% of the  original level, bu t  reaches  only 6 -7% 
in presence of IgG. 

A compara t ive  analysis  of 1. the  original  sample,  
2. the  inac t iva ted  and 3. the  r eac t iva t ed  enzyme pre- 
pa ra t ion  gave the  following resul ts :  Ul t racen t r i fuga t ion  
of t he  inac t iva ted  sample  revealed a peak  wi th  a sedi- 
m e n t a t i o n  coefficient  cor responding  to a molecular  weigh t  
of 120,000, which  is cons i s ten t  w i th  catalase  dimer.  
C h r o m a t o g r a p h y  on Sephadex  G-150 of the  r eac t iva ted  
sample  showed the  same elut ion vo lume as the  original 
enzyme,  cor responding  to  a molecular  weight  of 240,000. 
The double  immunodi f fus ion  tes ts  (Figure 3, right) 
demons t r a t e  comple te  ant igenic  iden t i ty  of (1) the  
na t ive  and  (3) the  r econs t i tu t ed  catalase.  The line of 
iden t i ty  exer ts  catalase and peroxidase  act iv i ty .  On the  
o ther  hand,  t he  prec ip i t in  line formed by  the  inac t iva ted  
sample  (2) exer ts  peroxidat ic ,  bu t  - if any - only a t race  of 
ca ta la t ic  act ivi ty .  The spur  fo rma t ion  seen in the  upper  
left p ic ture  conf i rms a difference in ant igenic  proper t ies  
be tween  the  t e t r a m e r  and the  d imer  particle4. 

Discussion. Catalase - like hemoglob in  - can readi ly  be 
conver ted  to  its d imer  form. The a lmos t  comple te  re- 
vers ibi l i ty  of the  equi l ibr ium t e t r a m e r  - d imer  in the  
sys tem descr ibed is a prerequis i te  for the  p repa ra t ion  of 
hybr id  catalase molecules in vitro.  The f indings  p resen ted  
here suppor t  the  a s sumpt ion  t h a t  - a t  least  to  some ex t en t  
- a dynamic  equi l ibr ium of th is  t ype  m a y  also exis t  in 
vivo, e.g. in the  e ry throcy te .  This possibi l i ty  is of genetic 
interest ,  since i t  has  been  observed t h a t  individuals  
he te rozygous  for an uns tab le  cata lase  m u t a n t  (Acata- 
lasemia) possess an unusual  cata lase  species. This  enzyme,  
found in e ry th rocy tes  as well as leukocytes  o f  such 
heterozygotes ,  exer ts  e lec t rophore t ic  and  hea t  s tab i l i ty  
proper t ies  in t e rmed ia te  to  those  of normal  cata lase  and of 
the  enzyme va r i an t  p resen t  in the  homozygo tes  14. A 
possible exp lana t ion  of these  unexpec t ed  f indings is the  
a s sumpt ion  t h a t  normal  and  va r i an t  ca ta l a se -monomers  
are produced  s imul taneous ly  and a r a n d o m  assembly  of 
e i ther  m o n o m e r  species is t ak ing  place, t h e r e b y  forming  
hybr id  molecules. 
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Zusammen/assung. Zwischen der  Te t ramer -  und  der  
D i m e r - F o r m  der  E r y t h r o c y t e n - K a t a l a s e  bes t eh t  ein 
Gleichgewicht .  Dieses 1Asst sich in v i t ro  d u t c h  Var ia t ion  
der Ha rns to f fkonzen t r a t i on  beliebig verschieben.  Das 

dabei  en t s t ehende  Dimer  zeigt Peroxidase- ,  n ich t  aber  
Katalase-AktivitS~t. Bei der  Reassoziat ion,  deren  Ge- 
schwindigkei t  sich durch  andere  Pro te ine  beeinf lussen 
lgsst, e n t s t e h t  ein Produkt ,  das v o m  na t iven  l?;nzym n ich t  
un te r sche idba r  ist. 
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Effect of Nuc leos ide  Di-  and Tr iphosphate s  and MgC12 on the Activity  of 5 ' -Nucleot idase  f r o m  
Bull  Semina l  P l a s m a  ~ 

In  recent  years  considerable  a t t e n t i o n  has  been given 
to the  contro l  of the  ac t iv i ty  of 5 ' -nucleot idase (EC 
3. 1. 3. 5.). The enzyme,  par t ia l ly  pur i f ied f rom m a m m a -  
lian, avian  and bacter ia l  sources, has  been found  to  be 
inhib i ted  by  nncleoside di- and  t r iphosphates2-% Such 
inhib i t ion  m a y  cons t i tu te  a cont ro l  of the  5 ' -nucleot idase 
ac t iv i ty  to  p r even t  unregula ted  ca tabol i sm of 5 ' -mono-  
nucleot ides  required for nucleic acid and coenzyme 
synthesis1~ Fur the rmore ,  a role of Mg++ ions in over- 
coming th is  inh ib i t ion  has  been  suggested by  SULLIVAN 
and  ALPERS 6 and by  MAGNI et  al. ~ for the  ra t  hea r t  
muscle and guinea-pig skeletal  muscle 5 ' -nucleot idase 
respect ively.  

The occurrence of a 5 ' -nucleot idase in bull  seminal  
p l a sma  has long been known  ~, and  the  f u n d a m e n t a l  
kinet ic  pa r ame te r s  have  been repor ted  by  I-~EPPEL and 
HILNOE 13 and  LEVIN and  BODANSKY 14. However ,  the  
regula t ion of th is  enzymic  ac t iv i ty  had  never  been  re- 
por ted .  

The p resen t  comunica t ion  describes the  inhib i t ion  
exer ted  by  nucleoside di- and t r i phospha t e s  on bull 
seminal  p la sma  5 ' -nucleot idase and the  role of magnes ium 
ions in overcoming the  inhib i t ion  imposed  by  A T P  and  
ADP.  The expe r imen t s  have  been conduc ted  at  p H  7.2, 
where  t he  ac t iv i ty  does no t  show any  magnes ium depen-  
dence. 

Methods. The 5 ' -nucleot idase  reac t ion  was carr ied out  
spec t ropho tomet r i ca l ly  a t  25~ as previous ly  descr ibed 
by  Ipata15, wi th  5 ' -AMP as subs t ra te ,  in the  presence  of 
adenosine  deaminase  excess. The s t anda rd  reac t ion  

mix ture ,  in a final vo lume of 2.0 ml, con ta ined  75 m M  
Tris-HC1 p H  7.2, 0.1 uni t  of commerc ia l  adenosine  
deaminase  (Boehringer) and  40 IxM 5'-AMP. Linear i ty  of 
the  reac t ion  ra te  was ma in t a ined  up to  a t  least  50 ~g of 
p ro te in  per  react ion mixture .  One enzyme uni t  equals  an 
ac t iv i ty  equiva len t  to  a decrease of 0.001 absorbance  
uni t  per  inin. Tile p ro te in  concen t ra t ion  was de t e rmined  
by  the  b iure t  m e t h o d  of GORNALL et al.~% 

The 5 ' -nucleot idase  was par t ia l ly  purif ied f rom 11 ml 
ba tches  of bull seminal  p la sma  according to  LxvlN and  
BODANSKY 14 t h ro u g h  prec ip i ta t ion  wi th  p ro t amine  sulfate,  
p rec ip i t a t ion  wi th  a m m o n i u m  sulfate be tween  40 and  
60% sa tu ra t ion  and  hea t  t r e a t m e n t .  F u r t h e r  pur i f ica t ion 
was achieved as follows: the  hea t  t r ea t ed  f rac t ion  was 
cent r i fuged in the  cold to  remove  any  prec ip i ta ted  mater ia l  
and the  s u p e r n a t a n t  fluid was dialyzed overn igh t  against  
0.05 M Tris-HC1 buffer  p H  8.2. The dialyzed mater ia l  
(10 mt  con t a in ing  28 mg prote in /ml)  was adsorbed  on a 
D E A E  cellulose ( W h a t m a n  D E  32) co lumn (1.5 • 10 cm). 
Af ter  washing  the  co lumn wi th  Tris-HC1 0.05 M, p H  8.2, 
the  elut ion was carried out  with a l inear grad ien t  Tris- 
HC1 0.05 M, p H  8.2 (250 ml) and 0.5 M NaC1 in t he  same 
buffer  (250 ml). The enzyme ac t iv i ty  was Muted around a 
concen t ra t ion  of 0.2 M NaCI. Tile act ive f ract ions  were 
pooled and  b rough t  to  80% sa tu ra t ion  wi th  a m m o n i u m  
sulfate. The precipi ta te ,  dissolved in a minimal  a m o u n t  
of water ,  was gel-fi l tered at  4~ t h ro u g h  a 1.8 x 6 0  cm 
Sephadex  G-100 co lumn,  equi l ibra ted  wi th  Tris-HC1 
buffer  0.05 M, p H  7.2. The 5 ' -nucleot idase was recoverde 
be tween  the  30th and the  50th ml  of tile eluate as a sharp  

Nucleotide concentrations required for 50 % inhibition of bull seminal 
plasma 5'-nueleotidase and K~ values of inhibitory nucleotides 

Nucleotide Concentration ~ (ExM) K, ([xM) 

ITP 50 25.5 
CTP 15 5.1 
GTP 8.O 1.73 
ATP 2.5 0.6 
UTP 2.3 0.45 
IDP 11 4.55 
CDP 3.5 1.55 
GDP 2.8 0.32 
ADP 2.2 0.30 
UDP 0.9 0.29 

~The values were obtained from inhibition curves, all showing hyper- 
bolic shapes. The final 5"-AMP concentration was 40 ~tM. 
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