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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 ) ,  
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Mg~+-Na+-K+-ATPase, 5"-nucleotidase and NADH-diaphorase activities of plasma membrane (PM) and mierosomal (Mc) fractions of brown 
and white adipose tissues of the rat 

Brown adipose tissue White adipose tissue 

PM Mc PM/Me PM Mc PM/Mc 

Mg2+-Na+-K+-ATPase 840 (5) a 140 (5) 6.0 4- 1.6 1100 (5) 260 (5) 4.2 ± 0.9 
5'-nucleotidase 316 (5) • 62 (5) 5.1 -4- 1.8 962 (5) 183 (5) 5.3 -I- 1.3 
NADH-diaphorase 

Non sonicated 268 (4) b 507 (4) 0.53 -i- 0.11 638 (4) 1180 (4) 0.54 :t= 0.12 
Sonicated 238 (4) b 600 (4) 0.40 4- 0.04 613 (4) 1370 (4) 0.45 :t: 0.04 

The results are expressed as: ~ nmoles of Pilmg protein per min. b nmoles NADH oxidizedlmg protein per min. Numbers in parenthesis 
represent the number of experiments. Values represent means ~: standard error of the means. 

,(N 

Fig. 1 and 2. Membrane fractions of brown 
adipose tissue isolated according to a modifica- 
tion of the procedure of KAMAT and WAL- 
LACH $. 
Fig. 1. Plasma membrane fraction. The frac- 
tion contains membrane profiles of varying 
diameters, some of which appear multi- 
layered (thick arrows). A few lipid droplets 
can be seen (thin arrows), x 18,500. 
Fig. 2. Microsomal fraction, The fraction is 
composed mostly of small single-walled 
vesicles, x 18,500. 

a f te r  gent le  homogen iza t ion  x-4,e. In  t h e  second me th o d ,  
which  was  f i rs t  descr ibed  by  KAMAT and  WALLACH s w i t h  
Ehr l i ch  asci tes  cells, and  subsequen t ly  by  GRAHAM et  al. 5 
w i t h  l iver cells, t h e  p l a sma  m e m b r a n e s  were s epa ra t ed  
f rom t h e  l ight  f rac t ion  (microsomes) a f te r  v igorous  
homogen iza t ion .  Recen t ly ,  McKEEL and  JARETT l° suc- 
ceeded in p r epa r ing  p l a s m a  m e m b r a n e s  of i sola ted  wh i t e  
fa t  cells, s t a r t i ng  f rom t h e  mi tochond r i a l  f ract ion.  In  
b r o w n  ad ipose  t issue,  because  of t h e  h igh  a m o u n t  of 
mi tochondr i a ,  t h i s  p rocedure  would  p r e s e n t  a g rea t  r i sk  
of c o n t a m i n a t i o n .  I t  t he re fo re  s eemed  in t e res t ing  to  use 
t h e  p rocedure  of KAMAT a n d  V~ALLACH 8 for  i so la t ing  
the  p l a sma  m e m b r a n e s  of b r o w n  ad ipose  t issue,  a n d  to  
e x t e n d  th i s  s t u d y  to  wh i t e  adipose  t issue.  

Methods. Groups  of 3-4  Sp rague -Dawley  male  ra t s  
weighing 450-500 g and  fed ad l i b i t u m  on Nafag  chow 
(St. Gall, Switzer land)  were  used for each  f r ac t iona t ion  
e x p e r i m e n t ;  a l t e r  sacrifice by  decap i t a t ion ,  b r o w n  and  
whi te  ad ipose  t issues were  excised and  rap id ly  p laced  
in an  homogen iza t i on  m e d i u m  a t  4°C, con ta in ing  CaClz 
(0.5 raM),  HCO-a  (1 m M )  a n d  MgSO,  (0.2 raM),  p H  7.5. 
Such  a m ed ium,  descr ibed  b y  RAY ~ for  t h e  liver,  should  
increase  t h e  yield and  t h e  e n z y m a t i c  ac t iv i t i es  of t h e  
p l a s m a  m e m b r a n e s .  The  m e t h o d  descr ibed  b y  KAMAT 
and  WALLACH s was  used  for t h e  sepa ra t ion  of t h e  p l a s m a  
m e m b r a n e s  f rom b r o w n  and  whi te  adipose  t issues  w i t h  
t he  following modi f ica t ions :  1. As descr ibed  b y  GRAHAM 
et  al. s for l iver cells, we used a P o t t e r - E l v e h j e m  h o m o -  

genizer  ins t ead  of a n i t rogen  pressure  vessel.  The  t i ssue  
was  f i rs t  cu t  w i t h  scissors in to  smal l  pieces of a b o u t  
2 m m  square,  and  t h e n  homogen ized  a t  2300 r p m  (20 up-  
a n d - d o w n  strokes,  c learance 0.03 m m ) i n  5 vo lumes  of 
t he  homogen iz ing  m e d i u m  which  was  a f t e rwards  ad j u s t ed  
to  8 volumes .  2. Nuclei  and  m i t o c h o n d r i a  were  spun  
d o w n  a t  22,000 × g  for 15 m i n  in a MSE-18  cen t r i fuge ;  
t he  mic rosomes  b y  cen t r i fuga t ion  a t  105 ,000×g  for 
90 m i n  (Spinco-L,  ro to r  No. 30). 3. KAMAT a n d  Vq'AL- 
LACH s used Ficoll  of d en s i t y  1.096 for  t h e  s epa ra t ion  of 
p l a s m a  m e m b r a n e s  f rom microsomes .  W e  d e t e r m i n e d  
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the  densit ies of Ficol l  to be used by p re l imina ry  experi-  
ments  on a d iscont inuous  grad ien t ;  t he  densi t ies  were 
1.066 for brown adipose tissue, and 1.048 for whi te  
adipose tissue. The  yield of the  m e t h o d  of KAMAT and 
WALLACH 8 was abou t  1 mg  o f  p lasma m e m b r a n e  prote ins  
f rom 3 g of b rown adipose t issue and 1 mg  of p lasma 
m e m b r a n e  prote ins  f rom 20 g of whi te  adipose tissue. 

The  prote ins  were measured  according to  LOWRY et  
al. xl. Mg~+-Na+-K+-ATPase (EC. 3.6.1.3) a c t i v i t y  was 
measured  according to  MODOLELL and MOORE is. This  
assay does no t  d i sc r imina te  be tween  the  Mg~+-ATPase 
and the  Mg2+-Na+-K+-ATPase.  5 ' -nucleot idase (EC. 
3.1.3.5) a c t i v i t y  was measured  according to HEPPEL and 
HILMOE 13, inorganic  phosphorus  (Pi) accord ing  to  TAUS- 
SKY and SHORR 14 and N A D H - d i a p h o r a s e  (EC. 1.6.99.3) 
ac t iv i ty ,  spec t ropho tomet r i ca l ly  (Beckman DB-G Spec- 
t rophotomete r ) ,  according to  STRITTMATTER 15. In  cer ta in  
exper iments  a t t e m p t s  were made  to increase the  yield 
of enzyme  ac t i v i t y  by  sonica t ing  the  fract ions (see Table).  

Electron microscopy. Pel le ts  ob ta ined  af ter  recentr i fuga-  
t ion  of t he  sed imenta t ion  zones were f ixed wi th  4% 
g lu ta ra ldehyde  in 0 . 1 M  phospha te  buffer  for 3 h. Af te r  
g lu ta ra ldehyde  f ixat ion,  t he  pel le ts  were r emoved  from 
the  cellulose tubes,  d iv ided  in strips when  possible and 
pos t f ixed  in 2% osmium te t roxide .  Dehydra t ion  was 
per formed  th rough  alcohols and embedd ing  in Epon.  
U l t r a t h i n  sections were s ta ined wi th  lead c i t ra te  and 
examined  in a Phi l ips  EM 300 electron microscope.  

Results. The  marke r  enzymes  charac ter iz ing  the  p la sma  
m e m b r a n e  and the  microsomal  f ract ions  have  been 
measured.  As shown in t he  Table ,  the  Mg2+-Na+-K +- 
ATPase  specific ac t iv i t ies  of b rown and whi te  adipose 
t issues were respec t ive ly  6.0 and 4.2 t imes  more con- 
cen t ra ted  in the  p lasma m e m b r a n e  f rac t ion t h a n  in the  
microsomal  fract ion,  while  5"-nucleotidase was found to 
be 5 t imes  more  concen t ra ted  in t he  p lasma m e m b r a n e s  
t h a n  in the  microsomes in bo th  tissues. The  N A D H -  
diaphorase  was abou t  2.5 t imes  more  ac t ive  in the  
sonica ted  microsomes  t h a n  in t he  sonica ted  p lasma 
membranes .  

Pel le ts  of t he  p lasma m e m b r a n e  and microsomal  
f ract ions of b rown adipose t issue p repared  according to  
the  m e t h o d  of KAMAT and WALLACH s are presented  in 
F igure  1 and 2. The  p lasma m e m b r a n e  f rac t ion (Figure 1) 
is composed mos t ly  of c i rcular  membranous  profiles of 
va ry ing  sizes ranging f rom 0.08 to  0.3 t~m. Severa l  profiles 
appear  composed of 2 or  3 superposed sheets  of mem-  
branes.  The  microsomal  pel le t  of the  same t issue (Figure 2) 
is composed mos t ly  of s ingle-walled vesicles of small  
d i ame te r  (about  0.15 t~m) interspersed wi th  granular  
mater ia l ,  poss ib ly  of r ibosomal  origin. The  lack  of good 
morphologica l  d is t inct ion be tween  p lasma m e m b r a n e s  
and microsomes ob ta ined  wi th  t he  m e t h o d  of KAMAT 
and WALLACH 8 contras ts  wi th  t he  b iochemica l  s tudies  
which  indicate  d is t inc t  differences be tween  these  two  
popula t ions  of membranes .  This  difference m a y  be ex- 

p la ined by  the  s t rong homogeniza t ion  of the  tissue which 
m a y  d i s rup t  the  p lasma membranes  into smal l  f ragments .  
These f r agmen t s  can seal up and become diff icul t  to 
dis t inguish f rom the  small  vesicles of the  microsomal  
fract ion.  

Discussion. McKEEL and JARETT 1° showed t h a t  t he  
Mg2+-Na+-K+-ATPase specific a c t i v i t y  was especial ly 
high in the  p la sma  m e m b r a n e s  of whi te  adipose tissue, 
while this  enzyme  was no t  comple te ly  absent  in t he  
microsomes.  W i t h  b rown and whi te  adipose tissues, our  
separat ion procedure  provides  p lasma membranes  h igh ly  
enriched in MgS+-Na+-K+-ATPase a c t i v i t y  compared  
wi th  the  microsomal  f ract ion.  

The  5 ' -nucleot idase has  been used as a marke r  of the  
p lasma membranes  isolated f rom l iver  4-7. In  our  experi-  
ment ,  5 ' -nucleotidase a c t i v i t y  is d i s t r ibu ted  be tween  
p lasma membrane  and mic rosomal  f ract ions in the  same 
propor t ion  as ATPase .  In  l iver  s, ascites cells s and whi te  
adipose tissue l°, N A D H - d i a p h o r a s e  is considered as a 
microsomal  enzyme,  bu t  i t  has  also been found in small  
a m o u n t  in the p lasma membranes .  This  suggests t h a t  
pa r t  of the  NADH-d iaphora se  m a y  be an  intr insic  enzyme  
of the  p lasma membranes  3,8,1% Our  d a t a  are  in ag reemen t  
w i th  these observat ions.  Our  resul ts  show a grea t  simi- 
l a r i ty  be tween the p lasma m e m b r a n e s  of b rown and  whi te  
adipose tissues. Using ano the r  p rocedure  and s ta r t ing  
f rom isolated whi te  fa t  cells, McKEEL and JARETT 1° 
obta ined  a comparable  d i s t r ibu t ion  of the  marke r  enzymes  
be tween  the  p lasma membranes  and the  microsomes  is,x~. 

Rdsumd. Les membranes  p lasmat iques  des tissus adi-  
peux  b r u n e t  blanc sont  isol6es de la f rac t ion microsomale  
selon une modif ica t ion  de la t echn ique  d6cri te pa r  KA- 
MAT et  WALLACH s. Les r6sul ta ts  de l ' ana lyse  e n z y m a t i q u e  
d6mont ren t  un degr6 de pur i f ica t ion  sat isfa isant  des 
membranes  p lasmat iques  et  des microsomes.  
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Inhibition of DNA Synthesis by Lidocaine and Procaine 

W e  wish to  repor t  t h a t  exposure  of Ehr l i ch  asci tes  
cells to  l idocaine or  procaine  resul ted in a preferent ia l  
inh ib i t ion  of D N A  synthes is  (Figures 1 and 2). The  
re la t ionship  of th is  observa t ion  to  the  anes the t ic  ac t ion  
of these  drugs is unclear .  I t  has been suggested x, how- 
ever,  t h a t  local anesthet ics  in te rac t  w i th  l ipid components  
of membraneous  cel lular  s t ruc tures  and i t  is in teres t ing 

t h a t  nascent  m a m m a l i a n  D N A  has been shown to  be 
associated wi th  a unique  cel lular  component ,  p robab ly  
the  nuclear  m e m b r a n e  s, see also3-L I t  m a y  therefore  
be t h a t  the  inhibi t ion  of D N A  synthesis  observed  by  
us is a resul t  of the  complex ing  of l idocaine and proca ine  
wi th  membraneous  s t ructures  t he reby  in ter fer ing w i t h  
the  site of D N A  synthesis.  


