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of e r y t h r o c y t e  ca t a l a se  r e p r e s e n t  d i f fe ren t  c o n f o r m a t i o n s  
(conformers)  of t h e  s ame  molecule  as. 

B y  a p p l y i n g  t h e  s t a n d a r d  s e p a r a t i o n  p rocedure ,  i t  h a s  
been  d e m o n s t r a t e d  t h a t  r e t i cu locy tes  show a h i g h e r  A/C 
r a t i o  t h a n  old r ed  ce l l s* ,n  I n  v iew of t h e  resu l t s  p r e s e n t e d  
here,  i t  seems p r o b a b l e  t h a t  t h e  cons i de r ab l y  h ighe r  
m e t a b o l i c  a c t i v i t y  of t h e  r e t i cu locy te  (e.g. r e g e n e r a t i o n  
of G S H )  m a y  cause  a h i g h e r  degree  of r e d u c t i v e  p r o t e c t i o n  
d u r i n g  t h e  f r a c f i o n a t i o n  procedure .  S e c o n d a r y  a l t e r a t i o n s  
of s imi la r  n a t u r e  h a v e  been  o b s e r v e d  w i t h  o t h e r  r ed  cell 
e n z y m e s  such  as G - 6 - P D  a n d  G O T  x2, s t r ess ing  t h e  im- 
p o r t a n c e  of a r e d u c i n g  e n v i r o n m e n t  for m a i n t e n a n c e  of 
t h e  s t r u c t u r e  of red  cell enzym es  ~*,~s. 

Zusammen fas sung .  K a t a l a s e  aus  E r y t h r o c y t e n  v o m  
M e n s c h e n  (und  Pferd)  liisst s ich s A u l e n c h r o m a t o g r a p h i s c h  
u n d  e l e k t r o p h o r e t i s c h  in dre i  F r a k t i o n e n  A, B n n d  C auf-  
t r e n n e n ,  wobe i  die F r a k t i o n e n  A u n d  B die T e n d e n z  h a b e n ,  
in  die F r a k t i o n  C f iberzugehen.  D u r c h  C h r o m a t o g r a p h i e  
u n t e r  Aussch luss  y o n  L u f t s a u e r s t o f f  k o n n t e  gezeigt  
werden ,  dass  die K a t a l a s e  in  den  E r y t h r o z y t e n  in der  
F o r m  A vof l iegt .  Se t z t  m a n  das  H~imolysat  dagegen  
einige Ze i t  L u f t s a u e r s t o f f  aus,  wi rd  die K a t a l a s e  bei  de r  
C h r o m a t o g r a p h i e  in  F o r m  C eluier t .  SH-b lock ie r ende  
R e a g e n t i e n  v e r h i n d e r n  die U m w a n d l u n g  y o n  A in C, 
w i ih rend  C m i t  M e r c a p t o i t t h a n o l  zu A r e d u z i e r t  werden  
k a n n .  E s  wi rd  a n g e n o m m e n ,  dass  d e m  t3be rgang  yon  

F r a k t i o n  A in B u n d  C eine B i l d u n g  v o n  Di su l f idb r i i cken  
z u g r u n d e  l ieg t  u n d  dass  es s ich bei  den  b e o b a c h t e t e n  
a l t e r n a t i v e n  F o r m e n  m6gl icherweise  u m  K a t a l a s e - K o n -  
fo rmere  h a n d e l t .  
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Prompt  Effect of Insul in in vitro on the Esterolytic Activity of Tissue  Homogenates  not  Modified by 
Act inomycin D 

I n  t h e  course  of our  s t u d y  of t h e  m e c h a n i s m  of insu l in  
ac t ion  in  t h e  l ipolyt ic  sys tem,  we cen t r ed  our  a t t e n t i o n  on  
t h e  role  of group-speci f ic  esterases .  I t  is poss ible  t h a t  these  
e n z y m e s  m i g h t ,  bes ides  l ipases,  t a k e  p a r t  in  l ipolysis.  
Es te rases ,  in  c o n t r a d i s t i n c t i o n  to  l ipases  ~,~, a c t  p r e d o m i -  
n a n t l y  o n  a q u e o u s  so lu t ions  of t h e  s ubs t r a t e s .  I n  sp i t e  of 
t h e  f ac t  t h a t  m o s t  t i s sues  c o n t a i n  c o m p l e x  m i x t u r e s  of 
es te rases  w i t h  h i g h  t o t a l  ac t iv i t i e s  3,4, t h e i r  phys io log ica l  
f u n c t i o n  ha s  so fa r  r e m a i n e d  u n e x p l a i n e d  5. 

I n  t h e  e x p e r i m e n t s  w h i c h  were  p a r t l y  r e p o r t e d  else- 
where  e,7, we h a v e  found  t h a t  t h e  es te ro ly t ic  s y s t e m  of 
ad ipose  t i ssue  f rom s t a r v e d  r a t s  is sens i t ive  in  v i t r o  to  
insul in .  These  r e su l t s  were  o b t a i n e d  a f t e r  p r e i n c u b a t i o n  
of s amp le s  of t h e  whole  t i s sue  w i t h  insu l in  in t h e  p re sence  
of NaC1. I n  t h i s  p a p e r  we h a v e  s tud ied  t h e  in f luence  of 
insu l in  in  v i t r o  on  t h e  es te ro ly t ic  a c t i v i t y  of  t i s sue  h o m o -  
gena tes  t a k e n  f rom fed as well  as  f rom s t a r v e d  r a t s  in  t h e  
p resence  of KC1 or NaC1 in t h e  m e d i u m .  Moreover ,  we 
h a v e  e x a m i n e d  w h e t h e r  t h e  t i s sue  es te ro ly t i c  a c t i v i t y  
changes  d u r i n g  f a s t i ng  a n d  w h e t h e r  insu l in  also ac t s  in  
v ivo  as  a n  induce r  or  supp re s so r  of t he  s y n t h e s i s  of 
es terases .  

Mater ia l s  and  methods. Alb ino  ~Vistar r a t s  ( inbred  
s t ra in )  we igh ing  150-200 g were  used.  T h e y  were  fed on  
t h e  usua l  L a r s e n  d ie t  s and,  before  t h e  expe r i m en t ,  were  
fed or  f a s t ed  for  48 a n d  96 h respec t ive ly .  

One  g roup  of r a t s  was  m a d e  d i abe t i c  b y  us ing  a l loxan-  
m o n o h y d r a t e  s. D i a b e t e s  p r o d u c e d  b y  a l l oxan  was  s t ab l e  
as  i n d i c a t e d  b y  p e r s i s t a n t  g tycosur ia  a n d  hype rg lycemia .  
Glucose  was  e s t i m a t e d  b y  glucose  ox idase  t e s t  10. I n s u l i n  
( In su l in  Spofa  p ro  in jec t ione)  a n d  a c t i n o m y c i n  D were  
app l ied  to  a l l o x a n - d i a b e t i c  r a t s  d u r i n g  24 h 9. 

E p i d i d y m a l  f a t  p a d  or  m y o c a r d i u m ,  f emora l  muscles ,  
lungs,  l iver,  a n d  k i d n e y  were  weighed  i m m e d i a t e l y  a f t e r  

k i l l ing t he  a n i m a l s  a n d  h o m o g e n a t e d  in dis t i l led  w a t e r  
b y  us ing  a glass h o m o g e n i z e r  of P o t t e r - E l v e h j e m  t y p e  as 
well  as sea  s a n d  (under  s t a n d a r d  condi t ions) .  Fo r  e s t ima-  
t i on  were  used samples  of 0.1 ml  of s u p e r n a t a n t  f luid 
o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  a t  2000 g. E a c h  s a m p l e  
r e p r e s e n t e d  2 m g  of t issue.  

F o r  t h e  d e t e r m i n a t i o n  of es te ro ly t ic  a c t i v i t y  was  used  
2 - n a p h t o l a c e t a t e  d issolved in 0 . 2 M  v e r o n a l  buf fe r  p H  7 
(adipose t i ssue  a n d  ske le ta l  muscle)  or  7.5 ( m y o c a r d i u m  
a n d  lungs) .  T h e  l i b e r a t e d  2 -naph to l  was  d e t e r m i n e d  
co lor imet r ica l ly  n or  f luo r ime t r i ca l ly  1.. I n  t he  s amples  of 
t i s sue  h o m o g e n a t e s  p ro t e in s  were d e t e r m i n e d  s imi la r ly  b y  
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using LowRY'S m e t h o d  x*. Es te ro ly t i c  ac t iv i ty  was  ex-  
p ressed  in #mol  of 2-naphto l  l ibera ted / rag  of t issue 
pro te in /h .  

In  t he  e x p e r i m e n t s  where  t h e  effect  of insulin on t issue 
es terases  was  t e s t ed  in vi t ro ,  t he  samples  of t issue homo-  
gena tes  were p r e i n c u b a t e d  for 20 min  a t  25 °C in a mediun l  
con ta in ing  ind ica ted  veronal  buffer  and  NaC1 or KC1 in 
t h e  final concen t r a t i on  of 40 mmol/1 wi th  or w i t h o u t  
insulin (Insulin Spofa pro  inj ect ione in t he  final concen t ra -  
t ion  of 0.01 U/ml ,  unless o therwise  indicated) .  To p r e v e n t  
abso rp t ion  of insulin on glass walls, we added  gela t ine  to  
t he  m e d i u m  14. To ob ta in  the  insulin effect,  all respec t ive  
condi t ions  h a d  to  be  s t r i c t ly  adhered  to, especial ly p H  1~ 
and  the  ion compos i t ion  of the  med ium.  Guinea-pig  an t i -  
insulin se rum had  the  b ind ing  capac i ty  of 90 U/1. The  
h u m a n  insul in an t ibodies  (binding capac i ty  270 U/1 of t he  
serum) were  t a k e n  f rom insu l in- res i s tan t  pa t i en t .  The  
b ind ing  capac i ty  of the  a d d e d  insulin an t ibod ies  exceeded  
a p p r o x i m a t e l y  5 t imes  the  q u a n t i t y  of insul in in t he  
med ium.  Af te r  p re incuba t ion  the  de t e rmina t i on  of estero-  
lyric ac t iv i ty  was  carr ied ou t  in t h e  a b o v e - m e n t i o n e d  way.  

The  resul ts  were s ta t i s t ica l ly  eva lua ted  b y  means  of t 
tes t .  

Resul ts  and  discussion.  In  t he  presence  of NaC1 in t he  
m e d i u m  insulin s igni f icant ly  decreased the  es te ro ly t ic  
ac t iv i ty  of adipose t i ssue  h o m o g e n a t e  t a k e n  f rom s t a rved  
ra t s  (Table I). W h e n  samples  f rom fed ra t s  were taken ,  no 
insul in effect  occurred  unde r  these  condi t ions .  W h e n  NaC1 
in the  p re incuba t ion  m e d i u m  was replaced b y  KC1 in 
equ imola r  concen t ra t ion ,  t he  insulin effect  on the  estero-  
lyt ic  ac t iv i ty  of adipose  t issue h o m o g e n a t e  was  s t imula-  
t o ry  and  appea red  in t he  t issue of s t a rved  as well as fed 
ra t s  (Figure 1). The  resul ts  i l lus t ra ted  in F igure  2 showed  
the  sens i t iv i ty  of t issue esterases  even  to t he  minu t e  doses 
of insulin (50 ¢U/ml) .  

In  th is  p a p e r  only  the  resul ts  w i th  adipose t issue are 
p re sen ted  in detai ls .  W e  have  ascer ta ined,  however ,  t he  
group-specif ic  es terases  sens i t ive  in v i t ro  to  insulin also 
in myoca rd ium,  skeletal  muscle  and  lung tissue. In  all 
t issues indicated,  t he re  was  s t i m u l a t o r y  effect  of insul in 
in t he  presence  of KC1, and  d i f fe ren t  effects  in t he  presence  
of NaC1 in the  med ium.  The op t ima l  p H  for these  effects  

differed in ind iv idua l  t issues f rom 7-7.5. On the  con t ra ry ,  
we were  unable  to  p rove  insul in-sensi t ive  es terase  in l iver 
and  k idney  a t  any  p H  f rom 6.5-9. 

As insul in inf luenced es teroly t ic  ac t iv i ty  af ter  pre incu-  
ba t ion  wi th  h o m o g e n a t e d  t issue samples,  i n t ac tnes s  of 
the  cells was  n o t  an ind ispensab le  cond i t ion  for  th is  
effect .  The  insulin effect  d e m o n s t r a t e d  a f te r  20 rain pre-  
incuba t ion  occurred  a l ready  a f te r  3-5 rain p re incuba t ion  
of t i ssue  h o m o g e n a t e  w i th  insulin.  Insu l in  a p p a r e n t l y  
pa r t i c ipa te s  in t he  reac t ion  of es terases  w i th  s u b s t r a t e  
and  does n o t  ac t  on the  syn thes i s  of s tud ied  esterases .  
This  is suppo r t ed  also by  fu r the r  fac ts :  

(1) Es t e ro ly t i c  ac t iv i ty  does n o t  a l te r  even  dur ing  
s t a rva t i on  (Table II) where  a rap id  decline in t he  level of 
insulin has  been  d e m o n s t r a t e d  b y  YALow and  BERSO~q 1~, 
n o t  even  in the  t issue of a l loxandiabe t ic  an imals  (Figure 3). 

(2) Al loxan-d iabe t ic  ra t s  t r e a t e d  wi th  insulin in com-  
par i son  wi th  those  t r e a t e d  wi th  ac t i nomyc in  D (a sub- 
s t ance  which  specifical ly affects  the  D N A - d e p e n d e n t  
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Fig. 1. Esterolytic activity of samples of adipose tissue homogenates 
preineubated in the presence of KC1 or NaC1 in the medium with 
insulin (black columns} or without insulin (white columns). Estero- 
lyric activity was expressed in /~mol of 2-naphtol liberated from 
naphtolacetate/mg tissue protein/h. 

Table I. Influence of insulin on the esterolytic activity of adipose 
tissue homogenates from rats fasted for 48 h before experiment 

Incubation 
medium 
(with NaC1) 

Esterolytic activity S.E. :t= No. 
(~mol liberated naphthol]mg 
tissue proteins/h) 

Control 0.108 0.009 14 
+ insulin 0.076 0.007 11 < 0.001 

Table II. Adipose tissue esterolytic activity in fed and starved rats 

Rats Esterolytic activity S.E. ~ No. p 
(/~mol liberated naphthol/mg 
tissue protein/h 

Medium v~th K + Medium witiq Na + 

140 80 

120 60 

+t . . . .  . . . . . .  

6 5 4 3 7 . 1  5 5 ¢ 3 2 1  

Fig. 2. Influence of different doses of insulin on the adipose tissue 
bomogenate esterolytic activity. The samples were taken from rats 
fasted for 48 h before experiment. Abscissa - log of insulin concentra- 
tion (/zUJml). Ordinate - esterolytie activity {% of control values). 

Fed 0.112 0.009 10 
Starved 0.107 0.011 12 
for 48 h 
Starved 0.109 0.013 11 
for 96 h 
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R N A  syn thes i s  17 a n d  insulin did n o t  show a n y  subs t an t i a l  
d i f ference  in t h e  t issue es teroly t ic  a c t i v i t y  (Figure 3). 

F r o m  these  resul ts  we  conc luded  t h a t  th is  new insul in 
effect  occurred  so r ap id ly  t h a t  t h e  m e c h a n i s m  of  suppres -  
s ion or  induc t ion  of es te rases  b y  insul in can be exc luded.  
On one  h a n d ,  i t  con t r a s t s  w i t h  t h e  resul ts  of m a n y  au tho r s  
who  found  t h a t  t he  syn thes i s  of a n u m b e r  of key  enzym e s  
of l ipid a n d  sacchar ide  me tabo l i sm was  d i rec t ly  governed  
b y  insulin °,18-*a. On the  o t h e r  hand ,  as far  as the  r ap id i t y  
of t h e  response  is concerned,  t he  effect  descr ibed  above  is 
s imilar  to  the  ant i l ipolyt ic  effect  of insul in 23 as well as to  
its hypog lycemic  one 9, which  is, moreover ,  also k n o w n  
n o t  to  be modif ied  by  ac t i nomyc in  D 9. 

The  in t e rac t ion  of insulin and  esterases,  however ,  does 
no t  seem to  be qu i t e  direct ,  as a p p a r e n t l y  in this  in ter-  
ac t ion  also ions t ake  a share.  The  m o s t  i m p o r t a n t  is t he  
presence  of K+ or Na+ (Table I, F igure  1), and  also H+ 
c o n c e n t r a t i o n  the  signif icance of which  we h a v e  discussed 
e lsewhere  15. Also t h e  di f ferences  in reac t ion  of t issue 
es te rases  f rom fed and  s t a rved  r a t s  show t h a t  t he  in ter-  
ac t ion  is no t  simple.  Dur ing  s t a r v a t i o n  we  have  found  
t h e  sh i f t  of  ions especial ly  K+ f rom in t race l lu lar  to  ex t ra -  
cel lular  space  in r a t  adipose  t issue ~4. The  K+/Na+ rat io,  
s ignif icance of  which  was  recen t ly  d e m o n s t r a t e d  for 
l ipolysis 2~, is a p p a r e n t l y  also i m p o r t a n t  for the  response  
of t i ssue  es terase  on  insulin.  

o.7 

nO5 

o 

Fig. 3. Esterolytic activity of adipose tissue samples taken from 
control rats (1), alloxan-diabetic untreated rats (2), diabetic rats 
treated with insulin (3) and diabetic rats treated with insulin and 
actinomycin D (4). Esterolytic activity was expressed in #mol of 
2-naphtol liberated/mg tissue protein/h. 

Medium willl l~a + o.15[ 

Medium wi~'i~ K ÷ 

I ] r~ 

Fig. 4. Esterolytic activity of samples of adipose tissue homogenates 
preincubated in the presence of KC1 or NaC1 with insulin (black 
columns) or without insulin (white columns). I, control determina- 
tion; II, insulin antibodies; III, 0.001M cystein. Adipose tissue was 
taken from rats fasted for 48 h before experiment. Esterolytie 
activity was expressed in /ram1 of 2-naphtol liberated/rag tissue 
proteinlh. 

The  d i f ferent  reac t ion  of t issue es terases  on insul in in 
the  p resence  of K + or  inn + could be  expla ined  b y  2 com-  
p o n e n t s  of t he  insul in-sensi t ive  es te ro ly t ic  ac t iv i ty  b o t h  
of t h e m  be ing  K+ and  I also Na  + d e p e n d e n t  2~. I n  th is  
w a y  i t  would  be  possible  also to  expla in  t h e  fac t  t h a t  in 
t he  p resence  of K+ the re  was  a l inear  d e p e n d e n c e  of 
insulin effect  on i ts  doses which  was no t  d e m o n s t r a b l e  in 
t he  presence  of Na+ (Figure 2). 

The  i ndependence  of the  effect  on the  k ind  of insulin 
p r e p a r a t i o n  (Table III) and  the  fac t  t h a t  cys te in  and  
ant i insul in  se rum r e m o v e d  the  descr ibed  effect  (Figure 4) 
d e m o n s t r a t e d  t h a t  we are deal ing w i t h  a genuine  insulin 
ac t iv i ty .  A l though  for t he  physiological  i n t e r p r e t a t i o n  of 
t he  resul ts  i t  is i m p o r t a n t  t h a t  t issue h o m o g e n a t e s  should  
reac t  even  on the  physiological  concen t ra t ions  of insulin 
(Figure 2), t he  appl ica t ion  of non-physiologica l  subs t r a t e  
does  no t  p e r m i t  def in i te  conclusions.  I t  is, howe~er ,  
in te res t ing  t h a t  we have  found  the  insul in-sensi t ive  
es te rases  p r e d o m i n a n t l y  in so-called insul in-sens i t ive  
t issues,  i.e. in  ad ipose  t issue,  muscle  and  m y o c a r d i u m .  

Table III. Influence of insulin on the esterolytic activity of adipose 
tissue homogenatcs from fed rats (in the presence of KC1 in medium) 

Insulin Insulin effect on esterolytic S.E. :[: No. p 
preparation activity in % 

(control value ~ 100%) 

Insulin Spofa 126.9 
pro inj. 

Crystalline 128.8 
bovine insulin 
Organofarma 

Crystalline 122.8 
bovine insulin 
Organofarma 
labelled with 
fluoresceiniso- 
thioeyanatc 

4.5 10 < 0 . 0 1  

3.7 9 <7 0.01 

4.6 8 < 0.02 

Zusammen/assung. Die in vitro-VVirkung des Insul ins  
(Konzen t r a t i onsbe re i ch  von 50-100000/~U/ml  des Inku-  
ba t ionsmed iums)  auf  die es tero ly t i sche  Akt iv i t / i t  der  
Fe t tgewebe ,  H o m o g e n a t e  yon  Myokard ,  Lunge  und  
Muskel  wurde  bei  R a t t e n  beschr ieben.  Es  e rg ib t  sich eine 
yon  der  E n z y m - S y n t h e s e  unabh~ingige schnelle Insul in-  
wirkung.  
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