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Liver Esterase Abnormalities in Hereditary Neurological Diseases of Mice 

A b n o r m a l i t i e s  of es te rase  e n z y m e s  occur  in  diseases  
of m a n ,  mice,  a n d  p r o b a b l y  o t h e r  species. F o r  example ,  
t h e  c o m p o s i t i o n  of es te rase  i sozymes  is a l t e r ed  in  t h e  
b r a i n  of p a t i e n t s  w i t h  m u l t i p l e  sclerosis  a n d  Sch i lde r ' s  
d i seaseL Simi lar ly ,  a b e r r a n t  p a t t e r n s  of non-spec i f ic  
es te rases  as  wel l  as  cho l ines t e rases  occur  in  t h e  b r a i n  
of n e u r o m u s c u l a r  m u t a n t s  of m i c e L  F u r t h e r m o r e ,  deft-  
c iences of es te rase  i sozymes  were  o b s e r v e d  in  l ivers  of 
mice  w i t h  h e r e d i t a r y  m u s c u l a r  d y s t r o p h y  3. 

I n  t h i s  r e p o r t  we descr ibe  ou r  f i nd ings  of es te rase  
ac t iv i t i e s  in  t h e  l ive r  of mice  w i t h  h e r e d i t a r y  neuro log ica l  
d isorders .  W e  s tud i ed  t h e  effects  of m u t a n t  genes  in  
congenic  s t r a i n s  or  l ines  of mice  w h i c h  d i f fe r  on ly  w i t h  
r e spec t  to  al lel ic s u b s t i t u t i o n s  a t  t h e  locus u n d e r  inves-  
t iga t ion .  I n  each  s t r a i n  or  l ine,  t w o  k i n d s  of gene t i ca l ly  
s imi l a r  mice,  m u t a n t  a n d  con t ro l ,  are  ava i l ab le .  

Materials and methods. W e  s t u d i e d  l i ve r  e s t e rase  ac t iv i -  
t ies  of 7 d i f f e r en t  m u t a n t  mice  each  h o m o z y g o u s  for  a 
recess ive  m u t a t i o n ;  t h e  m u t a t i o n s  are  d u c k y  (gene sym-  
bol, du) 4, j o l t i ng  (jo) 5, m y e l i n  s y n t h e s i s  def ic iency  
(msd) e, ree ler  (rl) 7, s h a m b l i n g  (shin)s, t e e t e r i n g  (tn) 9, a n d  
t o t t e r i n g  (tg)no. E a c h  of t he se  m u t a n t  s y n d r o m e s  causes  
a specif ic  neuro log ica l  d i sease ;  some  h a v e  a b n o r m a l i t i e s  
r e s e m b l i n g  neuro log ica l  d i so rde r s  of m a n  11. 

W e  used  3- to  8-week-old mice,  u s ua l l y  of b o t h  sexes. 
A t  l eas t  20 pa i r s  of mice  f rom each  m u t a n t  t y p e  were  
s tud ied .  T h e  mice  h a d  b e e n  g i v e n  free access to  w a t e r  
a n d  food. T h e  food was  Old  Gui l fo rd  l a b o r a t o r y  chow,  
a d ie t  c o n t a i n i n g  19% p ro te in ,  11% fa t ,  a n d  2 %  f iber .  
W e  used  l i ve r  h o m o g e n a t e s  for  t h e  d e t e r m i n a t i o n  of t o t a l  
non-speci f ic  es te rase  a c t i v i t y  acco rd ing  to  t h e  m e t h o d  
of NACHLAS a n d  SELIGMAN 12. F o r  i sozyme  ana lyses ,  
l ivers  were f i r s t  pe r fused  w i t h  i so ton ic  sa l ine  a n d  h o m o -  
gen ized  w i t h  a n  equa l  v o l u m e  of sa l ine ;  t h e  h o m o g e n a t e s  
were  t h e n  cen t r i fuged  a t  1 2 , 0 0 0 x g  for  40 ra in  a t  10°C, 
a n d  t h e  s u p e r n a t e  e l ec t rophoresed  d i r ec t l y  or  s to red  for  
a few weeks  a t  - -20°C .  W e  e m p l o y e d  t h i n - l a y e r  a g a r  
gel e l ec t rophores i s  acco rd ing  to  a p r e v i o u s  de s c r i p t i on  13. 
I n  i n h i b i t i o n  e x p e r i m e n t s  we p r e i n c u b a t e d  gel p l a t e s  for  
3 0 m i n  a t  37°C w i t h  0.1 m M  eser ine  sulfa te ,  0.1 m M  
p - c h l o r o m e r c u r i b e n z o a t e ,  or 1 0 r a m  s o d i u m  f luor ide  
(~aF). 

Results and discussion. C o m p a r e d  w i t h  n o r m a l  l ike-  
sexed l i t t e r m a t e s ,  m u t a n t  mice  h a d  less l ive r  es te rase  
a c t i v i t y  (Table) .  T h e  degree  of decrease  co r r e s ponded  
closely w i t h  t h e  s e v e r i t y  of  c l in ical  s igns  e x h i b i t e d  b y  
each  m u t a n t  s y n d r o m e ,  

T h e  n o r m a l  a d u l t  p a t t e r n  of c o n t r o l  mice  cons i s t s  of 
20 i sozymes  t o  w h i c h  we h a v e  a s s igned  a n u m b e r  re-  
p r e s e n t i n g  a p e r c e n t a g e  of t h e  d i s t a n c e  f r o m  t h e  a n o d a l  
to  c a t h o d a l  b a n d s .  I s o z y m e  a l t e r a t i o n s  were  o b s e r v e d  in  
t h e  l iver  of al l  m u t a n t s ,  a n d  c e r t a i n  a re  a p p a r e n t  e v e n  

before  t h e i r  r e spec t ive  con t ro l  l i t t e r m a t e s  r e a c h  t h e  a d u l t  
p a t t e r n .  Thus ,  d u c k y  mice  l ack  b a n d s  I I -16,  I I I -56 ,  a n d  
V-83, a n d  I I -21  is w e a k  c o m p a r e d  w i t h  con t ro l s ;  j o l t i ng  
mice  a re  de f i c i en t  in  I I -6 ,  I1-21, 11-25, I I I -56 ,  a n d  V-100 ;  
mice  w i t h  m y e l i n  s y n t h e s i s  def ic iency  h a v e  los t  b a n d s  
I I I - 5 6  a n d  IV-74,  a n d  b a n d s  II -21,  I I -25,  a n d  V-83 a re  
w e a k ;  in  ree ler  mice  b a n d s  I I -21,  I I I -56 ,  a n d  IV-74  are  
mi s s ing ;  s h a m b l i n g  mice  lack  b a n d s  I I -16,  11-21, a n d  
I I -25,  a n d  V-87 is p r e s e n t  b u t  f a i n t ;  in  t e e t e r i n g  mice  
b a n d s  I I -16,  I I -21,  a n d  I I I - 5 6  a re  mi s s ing ;  a n d  t o t t e r i n g  
mice  l ack  b a n d  I -5  a (Figure) .  

Thus ,  m o s t  def ic iencies  i n v o l v e  i sozymes  of zones  I I  
a n d  I I I .  F o r  example ,  b a n d  I I -21  is a b s e n t  in  al l  b u t  2 
m u t a n t s ,  a n d  b a n d  I I I - 5 6  is de f i c i en t  in  4 of 6 m u t a n t s ,  
a l t h o u g h  each  m u t a t i o n  is c h a r a c t e r i z e d  b y  a n u m b e r  of 
o t h e r  specif ic  i sozyme dele t ions .  Clearly,  t he  t o t t e r i n g  
m u t a t i o n  is d i s t i n c t  f r om al l  o thers .  W e  h a v e  p r e v i o u s l y  
r e p o r t e d  t h a t  t h e  tg locus is c losely  l i n k e d  w i t h  t h e  Es-1 
locus in  l inkage  g roup  X V I I I  ~4. I n  ou r  o w n  s tock  of  
mice,  C57BL/10  Gn-tg, t h e  tg/tg mice  are  Es- lb /Es-1  b, 
t h e  + / +  mice  are  Es- la /Es- l% a n d  t h e  t g /+  mice  are  
Es-l~/Es-1 a. Since we h a v e  used  tg[+ mice  r a t h e r  t h a n  
+ / +  as  con t ro l s  for  t o t t e r i n g  m u t a n t s ,  two  b a n d s  a p p e a r  
in  z y m o g r a m s  because  of t h e  c o d o m i n a n c e  of Es-1 a a n d  
Es-1 b. Also, t h e  p resence  of Es-1 a in  c o n t r o l  mice  gives  
r ise to  h i g h e r  t o t a l  es te rase  a c t i v i t y  c o m p a r e d  w i t h  
t o t t e r i n g  m u t a n t s  (Table) .  

T h e  occur rence  of m a j o r  def ic iencies  in  l iver  es te rase  
i sozymes  c o m m o n  to  a n u m b e r  of  d i f f e ren t  neuro log ica l  
m u t a t i o n s  is of cons ide r ab l e  i n t e r e s t  because  i t  m a y  
re f lec t  t h e i r  e ssen t i a l  m e t a b o l i c  i m p o r t a n c e ,  e.g., t h e y  
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/~-naphthyl acetate ester hydrolase activity in liver of several neurological mutations of the mouse 

Name of mutation Age Mutant mice Normal mice Significance (p) 

Ducky 5-7 week 4.60 ~ 1.42~ 7.68 t 0.72~ <0.01 
Jolting 8 week 6.48 =]= 0.51 7.52 ~ 0.72 < 0.01 
Myelin synthesis deficiency 3 week 4.35 q- 0.72 7.01 i 1.44 < 0.01 
Reeler 3 week 3.26 4- 0.38 9.72 =1= 0.60 < 0.01 
Shambling 3-5 week 7.60 4- 1.06 10.76 :[: 1.14 < 0.01 
Teetering 5 week 4.98 ~: 1.38 8.44 :~: 1.44 < 0.01 
Tottering 8 week 6.26 ~: 0.68 8.26 :k 0.60 < 0.01 

Mean values obtained from each of 8 mice :]: standard error. Unit: mg naphthol liberated per mg tissue wet weight per min. 
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a) b) c) d) e) 0 g) 
Esterase zymograms of liver extracts from 7 different neurological mutants of the mouse employing fl-naphthyl acetate as substrate. 
a) Teetering; b) jolting; c) shambling; d) ducky; e) myelin synthesis deficiency; f) reeler; g) tottering. The mutant is on the right and 
the normal control on the left of each channel. 

m a y  f u n c t i o n  in p r o t e i n  m e t a b o l i s m  since a t  leas t  some 
h e p a t i c  a l ies te rases  of t h e  r a t  are  c a p a b l e  of sp l i t t i ng  
a m i d e s  a n d  a m i n o  acid  es te rs  zs Indeed ,  b a n d s  of zone- I I ,  
i n c l u d i n g  I I -21  a re  a l i -es terases .  B a n d s  I I I -29 ,  I I I -52 ,  
a n d  I I I - 5 6  r e p r e s e n t  cho l ines t e r a ses  a n d  are  i n h i b i t e d  
b y  eserine.  T h e  absence  of e i t h e r  or  b o t h  I I I - 5 2  a n d  I I I - 5 6  
in  al l  b u t  jo l t ing ,  s h a m b l i n g  a n d  t o t t e r i n g  mice,  if t r ue  
as wel l  for  t h e  b ra in ,  m a y  r e l a t e  to  t h e  convu l s ive  b e h a v i o r  
a n d  r educed  l i fespan  of these  m u t a n t s .  

T h e  s e n s i t i v i t y  of b a n d s  I I I - 5 2  a n d  I I I - 5 6  to  i n h i b i t i o n  
b y  eser ine  su l fa te  a n d  t h e i r  r e l a t i ve  e l ec t rophore t i c  
mob i l i t i e s  sugges t  t h a t  t h e y  m a y  co r r e spond  to  es te rase-3  
b a n d s  con t ro l l ed  b y  Es-3, a locus whose  l inkage  is n o t  
as  y e t  k n o w n  z~. Our  u n c e r t a i n t y  s t e m s  f r o m  t h e  f ac t  
t h a t  p r e v i o u s  ana lyses  of es te rase  i sozymes  were  m a d e  
w i t h  s t a r c h  r a t h e r  t h a n  t h i n - l a y e r  a g a r  e lec t rophores i s .  
A l t h o u g h  Es-3 is n o t  ye t  loca ted ,  4 o t h e r  k n o w n  es te rase  
loci are  m a p p e d  a n d  be long  to  l inkage  g roup  XVII IZ~ ;  
i t  seems  un l ike ly  t h a t  t h e  de le t ions  in  zone I I I  r e p r e s e n t  
al lel ic d i f ferences  a t  t h e  Es-3 locus in these  m u t a n t s .  

B a n d s  IV-74  a n d  V-83, l ack ing  s ingly  or  t o g e t h e r  in  
3 of t h e  m u t a n t s ,  r e p r e s e n t  l ipo ly t ic  ac t ive  es te rases  
because  of t h e i r  a b i l i t y  t o  h y d r o l y s e  a - n a p h t h y l  s t ea ra t e .  
Thus ,  t h e y  a re  i m p o r t a n t  in  l ip id  or  l i p o p r o t e i n  m e t a b -  
ol ism. 

T h e  severe  es te rase  i sozyme  de l e t i ons  as  wel l  as 
def ic iencies  in  t o t a l  e s te rase  a c t i v i t y  occur r ing  in l ivers  
of so-cal led neuro log ica l  m u t a t i o n s  m a y  be  cons ide red  
as due  e i t h e r  to  a p l e io t roph ic  gene  effect  or  a d a p t i v e  
r e sponses  to  t h e  p r i m a r y  gene effect.  Thus ,  in  e i t h e r  

case, h e r e d i t a r y  neuro log ica l  d iseases  r e p r e s e n t  p r i m a r y  
or s e c o n d a r y  s y s t e m i c  d i so rders  zs, z L 

Zusammen/assung. Alle y o n  u n s  in  M~usen  u n t e r s u c h t e n  
v e r e r b l i c h e n  neu ro log i schen  E r k r a n k u n g e n  s te l l en  e n t -  
weder  p r i m ~ r e  ode r  s e k u n d ~ r e  g e s a m t k 6 r p e r l i c h e  P ro -  
zesse dar .  Ve r sch i edene  a l le l i sche S u b s t i t u t i o n e n  pro-  
duz i e r en  spezi f i sche  L e b e r - E s t e r a s e - I s o z y m - D e f e k t e .  
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P r e p a r a t i o n  of  a P l a s m a  M e m b r a n e  F r a c t i o n  f r o m  t h e  B r o w n  A d i p o s e  T i s s u e  

T h e  p l a s m a  m e m b r a n e s  of b r o w n  a n d  w h i t e  ad ipose  P r e p a r a t i o n  a n d  c h a r a c t e r i z a t i o n  of p l a s m a  m e m -  
t i s sues  are  of g r e a t  i n t e r e s t  as t h e  s i te  of n u m e r o u s  b r a n e s  f rom l iver  a n d  asc i tes  cells h a v e  b e e n  t h e  s u b j e c t  
m e t a b o l i c  cont ro ls .  As a useful  a p p r o a c h  to  t h e  bioche-  of severa l  i n v e s t i g a t i o n s  1-9. Two d i f fe ren t  m e t h o d s  h a v e  
mica l  p rope r t i e s  of t h e  p l a s m a  m e m b r a n e s ,  i t  s eemed  of b e e n  desc r ibed :  in  t h e  f irst ,  t h e  p l a s m a  m e m b r a n e s  were  
i n t e r e s t  to  i so la te  t h i s  f r ac t i on  free of c o n t a m i n a n t s ,  s e p a r a t e d  f rom h e a v y  f r ac t ions  (nuclei,  m i t o ch o n d r i a ) ,  


