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sation. The smaller efflux increase in the 3 ° mM glucose medium corresponds to slower 
loss of myo-inositol from lenses of diabetic rats (Table I). 

These observations show that in sugar cataracts the osmotic swelling due to 
hexitol accumulation leads to a reduced uptake and an increased etflux of myo- 
inositol, resulting in a low n~5,o-inositol level in the lens. 

When this work was concluded an abstract from the work of C O T L I E R  11 w a s  

published. His results are in agreement with our findings concerning the accunmlation 
of mvo-inositol by the normal lens and its inhibition by ouabain. 

Capable technical assistance was rendered by Miss G. J. M. L. DE VRI5S. The 
critical advice of Prof. Dr. S. L. BOXTIXG is gratefully acknowledged. 

l)epartmenl of Ophthalmology, 
U~dz, ersiO~ of Nijmege~z, 
Nijmegen (The Netherlands) 

R .  M.  B R O E K H U Y S E  

1 11. M. 13ROEKHUYSE AND J.  H.  VEERKAMP, Biochim. Bi~)phys. ,qcta, 152 (1968) 316. 
2 t{. ~I. BROEI<HUYSE, in  p r e p a r a t i o n .  
3 A. PIRIE, E.rptl. l-ye t~es., 3 (I9()4) 124. 
4 \.V. i t .  I)AUGHAI)AY AND J.  EARNER, .]. Clin. Invest., 33 ( t954)  326. 
5 A. (;ELLHORN ANt) \ ¥ .  BENJAMIN, l~iochb**, iqiophys, dcta, 84 (1964) 167. 
0 C. ('. ~\VEELFY, 1{. BENTLEY, M. MAKI'rA ANI) -~7. \~7. \YELLS, ,1. A}II. Chclt2. Soc., 85 (19t93) 2497. 
7 J.  H. I(INOSHITA, L. ()..MI';ROLA AND S. HAY51AN,.]. ]diol. Chem., 24o (I965)  31o. 
S R. L. I¢OUWMAX, t4. V. TRANTHA.Xl AXD P. A, CAULVlELD, J. Lab. Clin. ~]Ied., 43 ( t954)  3 l o  • 
9 1~. QUAIX'-MA AND \¥ .  \V. \VI~;LLS, t3iochem., Biophys. Res. Commun., 2o (1965) 480. 

l o  M. A. SXEWART, \V. R. SHERMAX, M. R. 1,21:RIEX, G. I. MOOXSAMSIY AND .'~l. \¥ISGERHOF, 
,]. Neuroche~n., 14 (1967) lO57. 

i i  1'i. COTLIV:R, l~vrst. Ophlhalmol., 7 (196'S) i t 8 .  

Received May 27th, 1968 

Hiochim. Biophys. dcla, 1(> 3 (I968)  269-272  

BBA 73O55 

Isolation of a membrane fraction enriched in nerve-end membranes 

from rat brain by zonal centrifugation 

Nerve-end particles (synaptosomes) from brain tmmogenates have been isolated 
by a combination of differential centrifugation and isopycnic banding l-a. Centri- 
fugation of a crude mitochondrial fraction from rat brain in a titanium B-XV zonal 
centrifugO yields two major bands, one of which has a pronfinent shoulder (isotonic 
sucrose profile, Fig. I).The first zone (banding in 23 ,~L sucrose (w/w)) consists of myelin 
and membrane fragments. Electron microscopy shows the second band at 35 °o 
sucrose (w/w) to contain mostly nerve-end particles and a few free nfitochondria. The 
shoulder at 38-41% sucrose is a quite homogeneous population of free mitochondria. 

Recently, nerve-end membranes (e.g., plasma membranes originating from 
nerve endings) have been separated from an osmotically shocked crude mitochondrial 
fraction on discontinuous sucrose gradients 5. When the crude brain mitochondrial 
fraction is subjected to osmotic shock and resolved on a linear sucrose gradient in a 
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Fig. I. D i s t r i bu t ion  of pa r t i cu l a t e  ma te r i a l  from an 
i so tonica l ly  p repared  crude mi tochondr i a l  f rac t ion 

-50 (lower trace) compared  to  an osmot ica l ly  shocked 
-4o~ f ract ion (upper  trace).  A 2 o %  homogena t e  was pre- 
_3o~ pared in ice cold l O %  sucrose (neutra l ized to pH 7 

o /  with  NaOH) and d i lu ted  to  5 7o wi th  ice-cold IO % 
v) 

-ao o sucrose for cent r i fugat ion .  Nuclei  and  cell debr is  were 
removed  by  cen t r i fuga t ion  a t  3ooo rev . /min  for 5 mm 

- to ~ in a ro tor  No. 3 o, and  the  crude mi tochondr i a l  fract ion 
was isola ted a t  14 ooo rev . /min  for 2o rain. The fract ion 
was e i ther  osmot ica l ly  shocked or gen t ly  resuspended  
i n  I O  o /  /o sucrose and appl ied  to  a sucrose gradient .  
The profile genera ted  by  par t ic les  t r ea t ed  only with 

isotonic  lO% sucrose is shown in the  lower t race  (isotonic). ( )smotic  shock was carr ied out  
w i th  cold d is t i l led  wa te r  (7 ml /g  brain) for 2o rain af ter  which the  sample  was homogenized  by 
hand.  This profile is shown in the  upper  t race  (osmot ica l ly  shocked). The g rad ien t  was 15-5 ° % 
sucrose (w/w) p H  7.o 112oo nil w i th  a 5 ° o,/o cushion) in a B-XV zonal rotor.  The g rad ien t  was rnn 
for 55oo • IO 7 o)2t (about  2 h a t  27ooo rev. /min) .  At  the  comple t ion  of the  run, the  g rad ien t  was 
d isp laced wi th  55% sucrose and the  absorbance  l i gh t - s ca t t e r ing  profile moni to red  by  a flow 
t h r o u g h  cell in a DU s p e c t r o p h o t o m e t e r  a t  26o m/*. 4o-nll samples  were collected.  

Fig. 2. E lec t ron  mic rog raph  of a nerve-end  m e m b r a n e  f ract ion col lected (29.1-31.7 % sucrose, 
w/w). Some s y n a p t i c  t h i c ke n ings  can be seen (arrows). × 24000. 
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B - X V  zona l  ro tor ,  an  add i t i ona l  m a j o r  p a r t i c u l a t e  b a n d  is o b s e r v e d  a t  t he  32 o,,,o 

(w/w) sucrose  leve l  (Fig. I).  E l e c t r o n  m i c r o g r a p h s  of th is  new zone revea l s  t h e  b a n d  

to consis t  a lmos t  en t i r e ly  of free m e m b r a n e s .  M a n y  of these  m e n l b r a n e s  show s y n a p t i c  

th icken ings ,  p e r m i t t i n g  t h e m  to  be  iden t i f i ed  as n e r v e - e n d  m e m b r a n e s  (Eig. 2). 

( N a + - K + ) - a c t i v a t e d  ouaba in - sens i t i ve  ATPase ,  a m e m b r a n e  m a r k e r  e n z y m e  c o n t a i n e d  

in h igh  specific a c t i v i t y  in n e r v e - e n d  nlembranesS,  6, is c o n c e n t r a t e d  in th is  f rac t ion .  

E n z y m e s  cha rac t e r i s t i c  of o t h e r  subce l lu la r  pa r t i c les  a re  low. T h e  specific a c t i v i t y  of 

c y t o c h r o m e  oxidase ,  a m i t o c h o n d r i a l  i n n e r - m e m b r a n e  e n z y m e ,  is low, as is t h a t  of 

a n t i m y c i n - i n s e n s i t i v e  N A D H - o x i d a s e ,  a n l ic rosonla l  s and  ou t e r  m i t o c h o n d r i a l  

m e m b r a n e  e n z y m e  (Table  I). B a s e d  on these  e n z y m e  ana lyses  and  par t i c le  coun t s  

w i t h  the  e l ec t ron  nf icroscope,  t he  a s sayab le  c o n t a m i n a t i o n  is in t he  n e i g h b o r h o o d  of 

IO °o and  is no h ighe r  t h a n  20 °o. 

TABLE 1 

C O M P A R I S O N  O F  E N Z Y M E  S P E C I F I C  A C T I V I T I E S  IN  V A R I O U S  F R A C T I O N S  

ATPase was assayed by determining the difference between the amount of ATP hydrolyzed in 
the presence and absence of ouabain as described by HOSIE 6. Cytochrome oxidase was measured 
by the procedure of DUNCAX AND MACKLER 1°. Antimycin-insensitive NADH oxidase was assayed 
by following the reaction of NADH at 35 ° ml,. The assay mixture contained i ml o.o 5 M sodium 
phosphate, o.2o mg of NADH, o.2o mg of cytochrome c, i fig of antimycin A and enzyme. Data 
are averaged from 3 experiments. 

Fraction (Na" K+)-A TPase Cytochrome oxidase ~lntimycin-insensitive 
(units*/rain per mg (units* *~rain per mg NA D H  oxidase 
protein) protein) (units* * * /min  per mg 

protein) 

Homogenate, total 

~er \  e-elid nlenlbranes 
(from about 29 31% 
SIlCYOSC) 

Mitoehondria (41% sucrose) 

Microsomes 

1-75 ]z o.5 1.2 ~ 0. 4 

I2.7 2_ L.7 

4-7 _4_- o.,S 

o.6 ± 0.2 1.9 z}z 0.6 

4-3 ~: 1.2 11.4 -L 2.4 

26.2 ~ 7.1 

* I unit = I /,mole of inorganic phosphate released. 
* *  1 unit = i /,mole cytochrome c oxidized. 

*** I unit ffmoles of NADH reduced. 

These  resul t s  d e m o n s t r a t e  t h a t  men~branes  re leased  b y  osmot ic  shock  f rom a 
n e r v e - e n d  pa r t i c l e  f r ac t ion  can  be  col lec ted  as a d i sc re te  zone in reg ions  of t he  sucrose  

g r a d i e n t  wh ich  are  r e l a t i ve ly  free of pa r t i c les  before  o smot i c  shock.  I t  is seen t h a t  t he  

consequences  of o smot i c  shock  are  a d i m i n i s h e d  n u m b e r  of whole  n e r v e - e n d  pa r t i c l e s  
and  a new b a n d  showing  the  m o r p h o l o g y  a n d  e n z y m a t i c  cha rac te r i s t i c s  of n e r v e - e n d  

m e m b r a n e s .  M i t o c h o n d r i a  a n d  o t h e r  m e m b r a n e s  are  una f f ec t ed  b y  the  osmot ic  shock ;  
t he i r  d e n s i t y  pos i t ion  r e m a i n s  r e l a t i v e l y  cons tan t .  Thus ,  the  n e w  b a n d  is co l lec ted  a t  

a d e n s i t y  where  o t h e r  par t ic les  are  n o t  f ound  and  where  c o n t a m i n a t e  levels  a re  low. 
T h e  m e m b r a n e  f r ac t ion  is en r i ched  in n e r v e - e n d  m e m b r a n e s ,  b u t  t he  c o n t r i b u t i o n  of 

p l a s m a  m e m b r a n e  f r a g m e n t s  ar is ing f rom n e u r o n  dendr i tes ,  soma,  and  poss ib ly  gl ial  
cells, no t  e l i m i n a t e d  b y  the  p r e l i m i n a r y  d i f fe ren t ia l  cen t r i fuga t ions ,  c a n n o t  as ye t  be  
e v a l u a t e d .  T h e  d e n s i t y  r ange  es tab l i shed  for t he  n e r v e - e n d - m e m b r a n e  b a n d  b y  the  
zonal  m e t h o d  shows t h a t  RODRIGUEZ liE LORES ARNA~Z, ALBERICI AND DE ROBERTIS ~ 
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and other investigators 6 collect nerve-end membranes from the leading edge of this 
band. 

Detailed studies on the use of combined rate and isopycnic zonal separation 
techniques 9 to the fractionation of brain will be presented in detail elsewhere, 
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Spatial relationship between intestinal disaccharidases and the 

active transport system for sugars 

With the present great increase in the number of proposals for the biochemical 
secret of membrane transport, it may be a truism, but nonetheless worthwhile to 
note (I) that there is a vast array of thermodynamically feasible mechanisms from 
which to choose and (2) the fact that one is feasible does not mean that it is actually 
used by the cell. Temporal or spatial juxtaposition of events as evidence for a mecha- 
nism are especially suspect and proposals based on such evidence should be subjected 
to rigorous tests at the earliest moment. The recent suggestion 1 that membrane-bound 
trehalase is the terminal catalyst in a reaction sequence leading to the membrane 
active transport of glucose and other sugars is one of this sort. This particular specu- 
lation was directed primarily to the proximal convoluted tubule of the kidney but 
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