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dem ZusatzgerS~t SP 820 zur Regis t r ierung bet fes ter  
WetIenlgnge (Fa. Un icam I n s t r u m e n t s  LTD,  Cambr idge /  
England)  un te r  geringftigiger Modifizierung des von 
eRR 4 abgewande l t en  Ver fahrens  von CHANCE 7 regi- 
str iert .  Die Vergle ichskf ivet te  en th ie l t  den bet den Ex-  
pe r imen ten  v e r w e n d e t e n  P h o s p h a t p u f f e r  von p H  7,0. 
Die Wasse r s to f fpe rox idkonzen t r a t i on  wurde  auf unge- 
fXhr 18 m M  eingestell t ,  was bet p H  7,0 ether E x t i n k t i o n  
yon um 0,8 en t spr ich t .  Ges t a r t e t  wurde  die Reak t ion  
durch  Zugabe yon einer jeweils frisch bere i te ten  w/issrigen 
L6sung des zu zerse tzenden  YVasserstoffperoxids. 

Ergebnisse. 1. p H - O p t i m u m  : Man f indet  ein brei tes  pH-  
O p t i m u m  zwischen p H  = 6,0 und  p H  = 7,0. 

2. K ine t ik  der  H e m m u n g  bet p H  7,0: Inkub ie r t  man  
Kata lase  anaerob  in Gegenwar t  von M o n o d e h y d r o - L ( + ) -  
ascorbat ,  so wird sie bet  gleicher Molar i tgt  yon  L( ~-)- 
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IKinetik der Hemmung von Katalase durch Monodehydro-I.(+)- 
ascorbat (OOO), sowie Einfluss yon L(+)-Ascorbat (OOO) und 
Didehydro-L(+)-ascorbat (• • • attf die katalatische Aktivit/it 
der Katalase. Katalase 8 b~g in 50 nil, L(+)-Aseorbat und Didehydro- 
L(+)-aseorbat jeweils 10-4M, 0,01 M Phosphatpuffer, pit 7,0, 25 ~ 
Messvolumen 2,5 ml, davon 2,45 nfl des lnkubationsausatzes 0,392 [zg 
Katalase und 0,05 ml einer 0,45M Wasserstoffperoxidl6sung ent- 
haltend. Mittelwerte aus 8-12 Messungen, maximale Abweichung 
• 

Ascorba t  und  D i d e h y d r o - L ( + ) - a s c o r b a t  im Ansa tz  in- 
ne rha lb  weniger  Minuten  zu 50% gehemmt .  Inkub ie r t  
m a n  Kata lase  un te r  den gleichen Bed ingungen  mi t  L (+) -  
Ascorbat ,  so wird  sie se lbs t  nach  3 h n i ch t  inakt iv ier t .  Di- 
d e h y d r o - L ( + ) - a s c o r b a t  allein ve rmag  ebenfalls  Ka ta lase  
n ich t  zu inakt iv ieren.  Die Figur  zeigt die Kine t ik  der 
H e m m u n g  fiber 8 min.  

3. Irreversibilit~tt der  H e m m u n g :  Die H e m m r e a k t i o n  
wird  nicht m e h r  beobachfiefi bet Konzentra t ionsverh/~l t -  
nissen von  L( + ) - A s c o r b a t  : Didehydro-L( + ) - a s c o r b a t  yon 
jensei ts  40 und  0,025. Maximale  H e m m u n g  der  Ka ta lase  
f inder  man  be im Verh/i l tnis  von  L ( + ) - A s c o r b a t : D i d e -  
h y d r o - L ( + ) - a s c o r b a t  yon 1. Dies wird auch  bet von  den 
in der  Legende  zur Figur  unterschied l ichen  Konzen t r a -  
t ionen  gefunden.  H e m m t  man  die Ka ta lase  max i ma l  und  
stel l t  anschl iessend durch  Zugabe von fester  L(+) -Ascor -  
bins~kure oder  fester  D idehydro -L(+) -a sco rb ins~ure  ein 
anderes  Konzen t ra t ionsve rh~ l tn i s  ein, so ble ibt  die Hem-  
m u n g  selbst  nach  zweist i indiger  I n k u b a t i o n  bet 25~ 
maximal .  

Dis]~ussion. Durch  die mi tgete i l te  Reak t ion  ist  erst-  
mals  gezeigt, dass  eine E n z y m a k t i v i t ~ t  durch  das Radi-  
kalanion M o n o d e h y d r o - L ( + ) - a s c o r b a t  v e r i n d e r t  wird.  
Es  ist zu erwar ten ,  dass die Akt iv i t~ ten  wei terer  E n z y m e  
d u t c h  M o n o d e h y d r o - L ( + ) - a s c o r b a t  beeinf luss t  werden.  
Der  Mechanismus  der  hier  beschr iebenen  Reak t ion  be- 
darf  der  K1/~rung. 
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The Re la t ive  D i s t r i b u t i o n  of So luble  and Inso lub le  C h o l i n e s t e r a s e s  in Rat  Exc i tab le  T i s s u e s  
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Summary.  Three  rat ios  were s tudied  here : bound  to free AChE (R 1), b o u n d  to free B C h E  (R2), and  the  rat ios be tween  
these  two (R~). The first  one p roved  re levan t  in t h a t  i t  con t r ibu ted  to the  division of the  cholinergic t issues into 3 
classes: h igh values (nicotinic t issues:  skeletal  muscle),  low values(muscar in ic  t issues : small  in tes t ine ,  uterus,  hear t ) ,  and 
middle  values (mixed, nicot inic  and muscar in ic  cholinergic i nne rva t ion :b ra in ) .  The th i rd  ra t io  (R3) showed di f ferent  
values in the  muscar in ic  t issues s tudied;  no s ignif icant  differences could, however ,  be found be tween  the  rat ios  of 
bra in  and skeletal  muscle.  F u r t h e r  explora t ion  of th is  rat io should indicate  w h e t h e r  it  is of some impor t ance  for the  
charac te r i za t ion  of exc i tab le  t issues. 

Cholinesterases,  ace ty lchol ines terase  (ACHE) and bu- 
ty ry lchol ines te rase  (BChE) occur in two na t ive  (free and 
bound) s ta tes  in m a m m a l i a n  t issues 1-~, bu t  it  is still no t  
clear whe the r  th is  is also t rue  for o ther  species. I t  has 
been repor ted  t h a t  the  enzyme  is solubilized a lmost  com- 
ple te ly  by  means  of saline media  in some electrical fishes, 
for example  (see discussion in ~). Recent ly ,  however ,  i t  
was found t h a t  even  in the  e lec t roplax  of Electrophorus, 
when  Tr i ton  X-100 is added  to  the  cur ren t  aqueous  or 
saline media,  more  enzyme is released t h a n  wi th  these  

ex t rac t ion  solut ions alone s. One m a y  ask w h e t h e r  the  
f rac t ion  of t he  enzyme,  which seems to be l inked to the  
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Table I. Distribution of AChE and BChE 

Specialia EXPERIENTIA 32/8 

Free AChE Bound AChE Free BChE Bound BChE 

Brain (7) 1236 ~ 333 ~ 20,197 • 4,694 115 • 33 460 • 104 
324• 93b 3,929• 883 35•  20 89•  19 

Skeletal muscle (6) 168 • 21 1,134• 113 56~  15 7 1 i  28 
17 ~_ 4 526• 50 5 • 1 33 • 12 

Heart (5) 1829 • 106 2,392 • 745 876 J_ 104 911 • 387 
199• 50 600• 36 97•  33 221• 42 

Uterus (5) 938 • 281 528 ~ 189 568 • 161 1492L 70 
101z[_ 22 508• 140 62•  13 1 3 6 i  58 

Small intestine (5) 4135 • 742 4,332 • 945 2319 • 543 1676 • 420 
573 ~ 82 1,810 • 249 317 • 52 702 ~_ 148 

Nerve (4) 555 ~_ 118 1,158 • 386 139• 29 86 ~ 33 
248~ 41 1.,920• 267 63~  17 119• 45 

~AChE activities in nmoles ATC hydrolyzed per min per g wet wt. tissue. BChE activities in nmoles BTC hydrolyzed per rain per g wet wt. tissue. 
bAChE activities in nmoles ATC hydrolyzed per nfin per mg protein. BChE activities in nmoles BTC hydrolyzed per rain per mg protein. 
Mean ~ SD, number of experiments in parentheses. 

Table II. Ratios of bound to free AChE and BChE activities of 
Table I 

Bound/free Bound/free R a (R1/R2)  
AChE (R~) BChE (R~) 

Brain 12.33• 1.30 3.03• 1.22 4.62• 1.77 
Skeletal muscle 33.90• 6.10• 5.86• 
Heart 3.14• 2.40• 1.34• 
Uterus 4.94• 2.10• 2.00• 
Small intestine 3.14• 2.20• 1.45• 
Nerve 7.78• 2.45• 3.43• 

membranes ,  is more  or less t igh t Iy  bound  according to 
the  species considered,  a fac t  which  could be re la ted  to 
d i f ferent  af f in i ty  or specif ici ty in composi t ion  and /o r  
organiza t ion  of these  biological  barriers,  and which  could 
expla in  the  interspecies  differences in yields of solubilized 
enzyme  referred to. 

Ano the r  po in t  which  remains  to be under s tood  is t he  
actual  func t iona l  significance of the  occurrence of b o t h  
esterases  in these  two forms. More knowledge on the  
d i s t r ibu t ion  of the  two s ta tes  of the  enzyme in exci table  
t issues m a y  pe rhaps  help in such a task. 

Mater ials  and methods. Brain,  skeletal  muscle, hear t ,  
uterus,  small  in tes t ine  and  pe r iphera l  nerves  were t a k e n  
f rom decap i t a t ed  adul t  ra t s  and  homogenized  wi th  
Ul t ra  Turrax.  Pr ior  to  homogeniza t ion ,  the  hea r t  was 
perfused  wi th  chilled 0.9% NaC1 to  remove  the  blood, 
and  the  brain  was s t r ipped  of m e m b r a n e s  and ex te rna l  
vessels and washed  carefully,  as were also the  o the r  
organs.  1:10 saline (0.9% NaC1) homogena te s  were pre-  
pa red  and cent r i fuged at  105,000 g for 60 min a t  4~ 
After  the  first  cen t r i fuga t ion  w i t h  0.9% NaC1 to  ob ta in  
the  soluble (or free) enzyme,  the  pellets  were suspended  
in the  same vo lume of 0.9% NaC1, homogenized  and  
centr i fuged.  The s u p e r n a t a n t  fluids were then  d iscarded  
and  the  pellets  r e suspended  in 1 ~o Tr i ton  X-100 buffered  
to p i t  7.0 in 0.1 M Tris-HC1, and  cent r i fuged to release 
t he  m e m b r a n e  b o u n d  (or insoluble) enzyme.  The  same 
speed, t ime,  t e m p e r a t u r e  and  volume of the  e luent  (see 
above) were employed  in the  3 centr i fugat ions .  

AChE and BChE were de t e rmined  using ace ty l th io-  
choline iodide (ATC) (Fluka) and bu ty ry l th iocho l ine  
iodide (BTC) (Fluka) as subs t ra tes .  284C51 (Wellcome) 
and iso-OMPA (Koch Light)  were the  inhibi tors  employ-  
ed. B o t h  enzymes  were assayed  at  25 ~ wi th  the  m e t h o d  
of ELLMAN et al.% bu t  p H  7.7 p h o s p h a t e  buffer  was used 
ins tead  of 8.0, since, as descr ibed previous ly  1, the  former  
is t he  op t ima l  p H  for AChE of ra t  in our working con- 
dit ions.  Pro te ins  w e r e  e s t ima ted  according to LowRY 
et al. 7 wi th  bovine se rum a lbumin  as s tandard .  Di th io-  
his-2 ni t robenzoic  acid and  Tr i ton  X-100 were purchased  
f rom Fluka  and Carl R o t h  (Karlsruhe),  respect ively.  

Results.  As can be seen in Table  I, the  relat ive a m o u n t s  
of soluble and  insoluble enzymes  (both AChE and BChE) 
differ charac ter i s t ica l ly  in t he  t issues s tudied.  The t issues 
which  possess muscar in ic  innerva t ion  (small in tes t ine ,  
hear t ,  uterus) have  conspicuous  act ivi t ies  of bo th  soluble 
and insoluble BChE;  the  skeleta l  muscle,  whose recep tor  
is nicot inic  in character ,  shows the  lowest  con ten t ;  and  
the  brain,  which  is endowed  wi th  b o t h  muscar inic  and  
nicot inic  cholinergic synapses ,  displays  middle  levels of 
enzymic  activi t ies.  

As for ACHE, i t  was found tha t ,  again, the  tissues could 
be d iv ided  into 3 classes according to  their  enzymat i c  
conten t .  The muscar in ic  t issue showed the  lowest  ra t ios  
of b o u n d  to  free AChE act ivi t ies  (3.14 •  •  
the  nicot inic  has  the  h ighes t  (33.9 •  and the  bra in  
displays  middle  values (12.33 • 1.30). The soluble en zy me  
a m o u n t e d  to  more t h a n  30% of the  to ta l  chol inesterasic  
ac t iv i ty  in the  muscar inic  sys tems  (Table II). I t  should  
be s t ressed t h a t  AChE in b o t h  the  b ra in  and skeletal  
muscle  was found to be inh ib i ted  b y  284C51, whereas  
in the  muscar in ic  organs s tud ied  it was inhibi ted  by  iso- 
OMPA. This ve ry  in teres t ing  f inding will be repor ted  in 
detai l  elsewhere.  

Discussion.  The f inding t h a t  the  ra t io  of bound to free 
AChE differ so charac ter i s t ica l ly  in t issues wi th  nicotinic,  
muscar inic  and  mixed  inne rva t ion  raises the  ques t ion as 
to w h e t h e r  such a rat io could be specifically re la ted to t he  

6 G. L. ELLMAN, It. D. COURTNEY, V. ANDRES jr. and R. M. 
FEATHERSTONE, Biochem. Pharmac. 7, 88 (1961). 

7 O. H. LowRY, N. J. ROSEBROUGH, A. L. IrARR and R. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 
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s y n a p t i c  even t s ,  and,  therefore ,  s o m e h o w  c o n s t i t u t e  one 
of t he  phys io log ica l  p a r a m e t e r s  of b ioe lec t rogenes is  in 
exc i t ab le  t i ssues .  

If  t h e  two (cytosolic and  m e m b r a n e )  s tores  of the  
e n z y m e  are ex ch an geab l e ,  a v iew no t  too fa r - fe tched  
(see d i scuss ion  in ~), a r a t e  of t he  r e p l e n i s h m e n t  of t h e m  
could  ex i s t  in t h e  exc i tab le  cells a n d  be paced  in a sched-  
u led  fashion .  Shou ld  t h i s  p rove  to be t rue ,  one would  
like to k n o w  w h e t h e r  t he  ra t io  of b o u n d  to  free A C h E  
could  ref lect  t h e  d y n a m i c  of i n t e r conve r s ion  in exc i tab le  
ceils of t h e  two n a t i v e  s t a t e s  of t he  enzyme .  

One  m a y  f u r t h e r  w o n d e r  w h e t h e r  d u r i n g  ne rve  a c t i v i t y  
s uch  an  i n t e r co n v e r s ion  t a k e s  p lace ;  t he  p h e n o m e n o n  
could  be s t r i c t l y  r egu l a t ed  and  c o n t r i b u t e  to some 
f ea tu re s  of t h e  b iopo ten t ia l s ,  s uch  as t he  di f ferences  no t e d  
in n icot in ic  as c o m p a r e d  to  m u s c a r i n i c  c o n d u c t i o n  a n d  
t r a n s m i s s i o n .  I n  t h e  pace  of such  in te rconvers ion ,  the  
second  cho l ines te ras ic  ra t io  (R2) could  be involved .  H y -  
po the se s  conce rn ing  a possible  role of p seudocho l ine s t e -  
rases,  viz. BCh E ,  in ne rve  a c t i v i t y  h a v e  been  success ive ly  
a d v a n c e d  an d  re jected,  and  it  shou ld  be recognized  t h a t  
t he  f u n c t i o n  of th i s  e n z y m e  r e m a i n s  u n k n o w n .  W e  shal l  
t r y  to t e s t  t h e  ab o v e  a s s u m p t i o n .  

The  t h i rd  ra t io  (Ra) was  found  to  h a v e  d i f fe ren t  va lues  
(p<0 .001)  in t he  m u s c a r i n i c  t i s sues  s tud ied ,  b u t  no 
s ign i f i can t  d i f ferences  be tw e e n  b r a in  a nd  musc l e  ra t ios  
were obse rved  (Table II).  R e m e m b e r i n g  t h a t  all these  
m u s c a r i n i c  t i s sues  differ  in the i r  chol inergic  i n n e r v a t i o n  8, 
p a r a s y m p a t h e t i c  of i n h i b i t o r y  (heart)  a nd  e x c i t a t o r y  
t y p e  ( intest ine)  or s y m p a t h e t i c  of e x c i t a t o r y  t y p e  (uterus) ,  
s u c h  dif ferences  could,  if a n y t h i n g ,  be expec ted ,  b u t  t he  
lack  of s igni f icance  be tw e e n  t he  va lue s  of b ra in  a nd  
musc le  is surpr iz ing .  

The  o b s e r v a t i o n  t h a t  a s ign i f i can t  (bound  to free) 
A C h E  ra t io  also occurs  in exc i tab le  t i s sues  of t he  chick,  
a n d  t h a t  i t  s e e ms  to  be a t t a i n e d  a t  a specific per iod of 
d e v e l o p m e n t  (VARELA a n d  MANDEL, unpub l i shed )  ren-  
ders  the  foregoing v iews  w o r t h y  of cons idera t ion .  

Las t ly ,  t he  e n z y m i c  va lues  f ound  in  ne rve  r e m i n d s  one 
of the  d e b a t e  a b o u t  t he  p a r t i c i p a t i o n  of A C h E  in con- 
duc t i on  bes ides  i ts  roIe in s y n a p t i c  t r a n s m i s s i o n  9. 

8 M. R. BENNETT, Autonomic Neuromuscular Transmission (Cam- 
bridge University Press, Cambridge 1972). 
D. NACHMANSOHN and B. NEUMANN, Chemical and Molecular 
Basis of Nerve Activity (Academic Press, New York 1975), p. 297. 

G e n o t y p e  D e p e n d e n c e  of M o n o a m i n e  O x i d a s e  in I n b r e d  S t r a i n s  of  M i c e  ~ 

A. D. MAcPIKE a n d  H. MEIER 

The Jackson Laboratory, Bar  Harbor (Maine 04509, USA) ,  73 January  1976. 

Summary .  MAO a c t i v i t y  was  found  to be in f luenced  by  t he  g e n o t y p e  or s t r a i n  of m o u s e  up  to 20 d a y s  of age. The  s t ra in  
d i f ferences  obse rved  m a y  der ive  f rom d i f fe ren t  r a t e s  of b r a in  d e v e l o p m e n t .  A n u m b e r  of neuro log ica l  m u t a t i o n s  corn- 
p r iz ing  th ree  pa tho log ica l  c lasses  h a d  no effect  on MAO. 

M o n o a m i n e  ox idase  (E.C. 1.4. 3.4.; MAO) is a f lavo-  
p ro t e in - l i nked  d e a m i n a t i n g  e n z y m e  of b iogenic  a m i n e s  2 4; 
it  is p r e s e n t  in m i t o c h o n d r i a  of m a m m a l i a n  liver, kid-  
neys ,  i n t e s t i ne s  a n d  bra in .  I n  the  b ra in  i t  occurs  in b o t h  
glial cells an d  s y n a p t o s o m e s S ,  6. A p p a r e n t l y ,  mu l t i p l e  
f o rms  of MAO ex is t  in t he  b ra in  a l t h o u g h  the re  is st i l l  
c o n t r o v e r s y  as to t h e  ex i s t ence  of t r ue  i sozymes  or b ind-  
ing  of a single e n z y m e  p ro t e in  to  d i f fe ren t  c o m b i n a t i o n s  
of phospholipidsT-~0.  The  p robab le  ex is tence  of mul t ip l e  
e n z y m i c  fo rm s  was  sugges t ed  b y  s tudies ,  m o s t l y  in ra t s ,  
on  t he  role of MAO in b ra in  m a t u r a t i o n .  In  r a t s  1~,~ a nd  
mice  ~a-15 MAO a c t i v i t y  is c lear ly  a g e - d e p e n d e n t ;  it  in- 
creases  to a b o u t  18 d a y s  of age b u t  c h a n g e s  l i t t le  the re -  
a f t e r  in ra t s ,  b u t  c o n t i n u e s  to f l u c t u a t e  in mice  un t i l  
6 weeks  of age. Di f fe rences  in MAO a c t i v i t y  as re la ted  to 
b r a in  regions  an d  e s t ru s  cycle h a v e  been  n o t e d  in the  
rat~6; reg ional  c h a n g e s  h a v e  also been  repor t ed  in mice  
fol lowing f igh t ing  1L 

In  our  c o n t i n u i n g  s tud ie s  of neuro logica l  m u t a t i o n s  of 
mice  we d e t e r m i n e d  b r a in  a n d  l iver  MAO of a n u m b e r  of 
m u t a n t s  be long ing  to 3 d i f fe ren t  c l in ico-pathologica l  
classes.  Th ese  were m u t a n t s  w i t h  a) cerebel lar  mal for -  
m a t i o n s  a n d  a tax ia ,  b) cerebel lar  m a l f o r m a t i o n s ,  a t a x i a  
a n d  ep i l ep t i fo rm seizures,  a n d  c) t r e m o r s  a n d  fa ta l  
se izures  w i t h o u t  a n a t o m i c a l  c h a n g e s  of t he  cerebe l lum.  

Material and methods. The  fol lowing m u t a t i o n s  were 
s tud ied ,  l eaner  (C57BL/6J  - tg l~ / tg  1~) and  reeler (C57BL/ 
6J - rl/rl) be long ing  to  class  (a), weave r  (B6CBA F 1 - 
wv/wv) of class (b), and  j i m p y  (B6CBAF~ - ~p~,a/y) a nd  
wobb le r - l e tha l  ( W L H R / J  - wl/wl) of class  (c). T h e y  were 
c o m p a r e d  w i t h  the i r  r e spec t ive  n o r m a l  ( + / )  l i t t e r m a t e  
controls .  Since severa l  of t he se  m u t a t i o n s  are m a i n t a i n e d  

on d i f fe rent  genet ic  b a c k g r o u n d s  we also a na lyz e d  t he  
effect  of t he  g e n o t y p e  or inbred  s t r a i n  on MAO. Due  to 
t he  s h o r t e n e d  life s p a n  of t h e  m u t a n t s ,  t h e y  a nd  the i r  
cont ro ls  were genera l ly  18 to 20 d a y s  old b u t  we also 
s t ud i e d  t he  d i f fe ren t  inbred  s t r a in s  a t  6 weeks  of age. 
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