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Summary. Ultra- low t e m p e r a t u r e  microdissect ion  was employed  to  de te rmine  the  in situ nuc leocytoplasmic  d i s t r ibu t ion  
3-0-methylglucose in the  a m p h i b i a n  oocyte.  The nuc leocytoplasmic  par t i t ion  ratio,  K~/c, for th is  non-metabol izab le  
monosacchar ide  was 1.54 4- 0.08. The observed a s y m m e t r y  could be expla ined  by  the  di f ferent ia l  solubil i ty of the  
solute  in the  wa te r  of the  nuc leoplasm and the  cy top lasm.  

Our unde r s t and ing  of nuclear  m e m b r a n e  t r a n s p o r t  p roper -  
t ies is h a m p e r e d  by  the  technological  p rob lems  associated 
wi th  the  s t u d y  of these  pa rame te r s  in the  in situ p repara -  
t ion.  Generally,  the  s t u d y  of solute exchange  across t he  
nuclear  envelope is a t t e m p t e d  in small  somat ic  ceils in 
which  visual izat ion and  moni to r ing  of t r anspo r t  p roper -  
t ies  is h indered  by  the  resolut ion of t he  in situ proper t ies .  
Such p rob lems  have  necess i ta ted  the  use of nuclear  iso- 
lat ion t echn iques  which  m a y  be sub jec t  to in te rna l  error  
resul t ing  f rom degrada t ion ,  d i sp l acemen t  and  rup tu re  of 
normal  s t ruc tures .  Consequent ly ,  whenever  cells are 
d i s tu rbed ,  as t h e y  are w h e n  nuclei  are isolated,  the  
ques t ion  mus t  be asked : Do the  m e m b r a n e  t r a n s p o r t  pro-  
per t ies  of the  isolated nuclei reflect  the  t rue  in vivo be- 
hav io r  of th is  organelle.  
The d e v e l o p m e n t  of cryogenic  t echn iques  ~-5 has grea t ly  
enhanced  our abili t ies to  s t u d y  nuclear  func t ion  in the  
living, min imal ly  a l tered cell, e l iminat ing  p rob lems  as- 
soc ia ted  wi th  solute r ed i s t r ibu t ion  and m e m b r a n e  dis- 
rupt ion .  In  th is  s tudy,  u l t ra- low t e m p e r a t u r e  microdis-  
sect ion will be employed  to charac ter ize  the  nucleocyto-  
p lasmic  d i s t r ibu t ion  of the  non-metabo l i zed  monosac-  
charide,  3-0 methylg lucose  (3-0-MG).  
Methods. Mature  oocytes  were isolated f rom gravid  Rang  
pip iens  in frog Ringer ' s  solut ion con ta in ing  24 mM glu- 
cose as previous ly  described6. The Ringer ' s  solut ion em- 
p loyed  in the  incuba t ion  expe r imen t s  con ta ined  24 mM 
3 -0 -MG in subs t i tu t ion  for 24 mM glucose. Samples  of a 
[3H]-3-0-MG s tock (New Eng land  Nuclear,  Boston,  
Mass.) were lyophil ized and  added  to the  3 -0 -MG Ringer ' s  
solut ion produc ing  a final ac t iv i ty  of 50 ~zCi/ml. 
The expe r imen ta l  p rocedure  consis ted  of : a) incubat ion  of 
the  oocytes  in the  [3H]-3-0-MG Ringer ' s  solut ion at  
20 ~ and b) sampl ing  the  oocytes  a t  var ious in tervals  of 
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Fig. 1. Effect of time on 3-0-methylglucose (3-0-MG) uptake by 2 
populations of amphibian oocytes. Both population A (Q; 2.92 -t- 0.02 
mg wet wt) oocytes and population B (�9 2.10 ~- 0.01 mg wet wt) 
oocytes were incubated at 20~ in Ringer's solution containing 
24 mM 3-0-MG. Each point represents the mean ~ SEM of 5 oocytes. 

influx by  e i ther  ex t r ac t ion  or microdissec t ion  and  l iquid 
scint i l la t ion s p e c t r o m e t r y  4. The nuc leocytoplasmic  distri-  
bu t ion  of solute was de t e rmined  by  employ ing  a micro- 
dissect ion a p p a r a t u s  designed to allow f ree-hand  micro- 
dissect ion of the  oocytes  on a l ow- t empera tu re  (=60 to 
-70 ~ dissect ion s tage 4. In  brief, the  t echn ique  involves 
isolat ion of groups of 5-6 oocytes  on an a lumin ium dis- 
sect ion stage,  freezing the  cells in l iquid Freon  cooled to  
-160~ and  s torage in l iquid n i t rogen.  To isolate the  
nuclei  and cy top lasm,  t he  oocyte  moun t ings  were in- 
ser ted in t he  cold dissect ion s tage  and  microdissect ion 
was done a t  -60  to -70~  using clean insula ted  micro- 
tools. T h e  surface of t he  an imal  hemisphere  was  r emoved  
b y  scraping unt i l  the  nucleus appeared  as a small ,  whi te  
ha rd  piece of ice e m b e d d e d  in a da rk  s l ight ly sof ter  ma-  
t r ix  of cy toplasm.  The isolated nuclei  and cy toplasmic  
f r agment s  were t hen  isolated in separa te  foil envelopes,  
weighed and  analyzed as descr ibed for whole oocytes.  
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Fig. 2. a) Effect of time on the nucleocytoplasmic 3-0-MG distribu- 
tion ratio (Kn/o). Each point represents the mean Kn/c determined 
from 2 oocyte mounting stages each containing 6 oocytes. The mean 
Kn/o over time is 1.54 i 0.08. b) Effect of time on 3-0-MG uptake 
into nuclei and cytoplasm isolated from whole oocytes incubated in 
Ringer's solution containing 24 mM 3-0-MG at 20~ Nuclear 
points (Q) represent 2-4 envelopes each containing 4-6 nuclei. 
Cytoplasmic points (O) represent 5-7 envelopes containing samples 
of 5-6 oocytes. 
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Results and discussion. Figure  1 shows t he  t i m e  course of 
3 - 0 - m e t h y l g l u c o s e  u p t a k e  b y  2 popu la t i ons  of m a t u r e  
a m p h i b i a n  oocytes.  In  b o t h  g roup  A (wet weigh t :  2.92 • 
0.02 mg ;  % H 2 0 : 4 4 . 8  • 0.2) and  group  B (wet we igh t :  
2.10 • 0.01 mg;  ~o HzO: 45.7 • 0.0) solute  u p t a k e  was 
gradua l ,  a p p r o a c h i n g  the  ex t r ace l lu l a r  c o n c e n t r a t i o n  of 
3 - 0 - M G  af t e r  a p p r o x i m a t e l y  27 h of i ncuba t i on .  In  con-  
t ras t ,  t h e  u p t a k e  of t he  n o n - m e t a b o l i z a b l e  a m i n o  acid, 
e - a m i n o i s o b u t y r i c  acid, exh ib i t s  t he  p roper t i e s  of con-  
c e n t r a t i v e  u p t a k e  a n d  com pe t i t i ve  f lux i n h i b i t i o n  s . As 
i l l u s t r a t ed  in f igure 1, • t r a n s p o r t  of 3 - 0 - m e t h y l g l u -  
cose across t he  oocyte  p l a s m a  m e m b r a n e  appea r s  to  be  
a d i f fus iona l  process  and  does no t  r e semble  t he  energy-  
d e p e n d e n t  c o n c e n t r a t i v e  u p t a k e  of sugars  exh ib i t ed  b y  
t h e  cells of t i le smal l  i n t e s t i ne  and  t h e  k i d n e y  7. 
The  t i m e  courses  of u p t a k e  of th i s  n o n - m e t a b o l i z a b l e  
m o n o s a c c h a r i d e  in t he  nuc leus  a n d  c y t o p l a s m  as de te r -  
m ined  b y  microd issec t ion  were s imi lar  to  t h a t  in t he  
whole  oocytes  (figure 2B). B o t h  c o m p a r t m e n t s  exh ib i t ed  
a g r a d u a l  u p t a k e  of 3 - 0 - MG ,  a p p r o a c h i n g  and  exceeding  
t he  ex t race l lu la r  c o n c e n t r a t i o n  a f te r  a p p r o x i m a t e l y  27 h 
of i ncuba t ion .  D u r i n g  t he  27 h of inf lux  in 24 mM 3 - 0 -  
MG, t he  c o n c e n t r a t i o n  ra t ios  for t he  nuc leus  (Ca/Co) a n d  
c y t o p l a s m  (C,/Co) w i t h  respec t  to  t h e  3 - 0 - M G  Ringe r ' s  
were 1.48 • 0.08 and  0.92 • 0.08, respect ive ly .  
D u r i n g  t he  inf lux  t he  nuc leocy top la smic  ra t io ,  Kn/c, re- 
m a i n e d  c o n s t a n t  a t  1.54 • 0.08 (figure 2A). This  suggests  
t h a t  a n y  d i f fus ional  de lay  a t  the  nuc l ea r  enve lope  is smalI  
r e l a t ive  to  t h a t  a t  t he  p l a s m a  m e m b r a n e  a n d  t h a t  sa tu -  
rab le  carr iers  are n o t  i nvo lved  in the  nuc l eocy top la smic  
t r a n s p o r t  process.  The  obse rved  k ine t ics  can  be exp la ined  
b y  t he  p e r m e a t i o n  of 3 - 0 - M G  across t he  nuc lea r  en- 

ve lope  b y  di f fus ion processes.  The  nuc leocy top la smic  
a s y m m e t r y  for 3 - 0 - M G  is c o n s i s t e n t  w i t h  p rev ious  de- 
m o n s t r a t i o n s  t h a t  the  nuc l ea r  enve lope  is n o t  a per-  
m e a b i l i t y  ba r r i e r  for the  d i sacchar ide  suc roseS- l~  An  ex- 
cep t ion  is t he  o b s e r v a t i o n  t h a t  t h e  nuc lea r  enve lope  of 
i n t e s t i na l  cells a p p e a r s  to  be  a b a r r i e r  to  ga lac tose  per-  
m e a t i o n  11 
I n  t h e  absence  of select ive m e c h a n i s m s  for sugar  per-  
m e a t i o n  a n d  u p t a k e  across t he  nuc l ea r  m e m b r a n e ,  o the r  
processes  m u s t  ex i s t  t o  exp la in  t he  obse rved  a symmet r i e s .  
Horowi t z  a n d  Moore 12 h a v e  p roposed  t h a t  t h e  nucleo-  
cy top l a smic  a s y m m e t r i e s  obse rved  for o the r  solutes,  in-  
c lud ing  glycerol*, sucroseS, a0, e - a m i n o i s o b u t y r i c  acidS, 
inu l in  12 and  d e x t r a n  13 are the  r e su l t  of n o n m e m b r a n e  pro-  
cesses. In  pa r t i cu la r ,  t h e  d e t e r m i n a n t s  of these  nucleo-  
cy top l a smic  solute  a s y m m e t r i e s  a p p e a r  to  be equ i l ib r ium 
processes  such  as mac romolecu l a r  b i n d i n g  a n d  t h e  re la ted  
p h e n o m e n o n  of d i f fe ren t ia l  so lub i l i ty  in  t he  wa te r  of 
nuc l eop la sm and  the  cy top lasm.  "While th i s  s t u d y  does n o t  
specify t he  mechan i sm(s )  respons ib le  for t he  p a r t i t i o n  of 
3 0 -me thy lg lucose  be tween  t he  nuc leus  and  cy top lasm,  
t he  resul t s  can  be exp la ined  b y  t h e  pa r t i a l  exclus ion of 
t he  solute f rom the  w a t e r  in  t h e  cy top la sm.  

7 S.G. Schultz and P. F. Curran, Physiol. Rev. 50, 637 (1970). 
8 S.B. Horowitz, J. Cell Biol. 54t, 609 (1972). 
9 R.M. Kodama and H. Tedeschi, J. Cell Biol. 37, 747 (1968). 
10 S.B. Horowitz and P. L. Paine, Nature 260, 151 (1976). 
11 C.E. Stirling and W. B. Kinter, J. Cell Biol. 35, 585 (1967). 
12 S.B. Horowitz and L. C. Moore, J. Cell Biol. 60, 405 (1974). 
13 P.L. Paine, L. C. Moore and S. B. Horowitz, Nature 254, 109 

(1975). 

Ethano l :  Larval  d i s c r i m i n a t i o n  b e t w e e n  t w o  D r o s o p h i l a  s ib l ing  spec i e s  1 
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Summary. Newly  h a t c h e d  l a rvae  of D. m e l a n o g a s t e r  p re fe ren t i a l ly  m ig ra t e  to  aga r  c o n t a i n i n g  e thanol ,  whereas  i ts  
s ib l ing  species D. s imu lans  shows no  in i t ia l  preference.  This  c an  be  r e l a t ed  to  t he  ecological  b io logy  of resource uti l i-  
za t ion  in t he  wild. 

L i t t l e  is k n o w n  of t he  ecological  b io logy  of t he  m a j o r i t y  
of Drosoph i l a  species. E v e n  t he  cos m opo l i t an  s ib l ings  
m e l a n o g a s t e r  and  s imulans ,  a l t h o u g h  f ind ing  v e r y  wide-  
sp read  use in gene t ica l  research,  h a v e  no t  been  s tud ied  in 
g rea t  d e p t h  ecologically.  I t  has  been  shown  t h a t  me lano-  
gas te r  adu l t s  a n d  l a rvae  are more  t o l e r a n t  to  e t h a n o l  in  
t he  l a b o r a t o r y  a n d  in n a t u r e  t h a n  s imu lans  2, a p p a r e n t l y  
because  t he  fo rmer  species is b e t t e r  able  to  ut i l ize e t hano l  
as a food resource  t h a n  t he  l a t t e r ;  m e l a n o g a s t e r  adu l t s  
h a v e  also been  shown  to  m i g r a t e  t o w a r d s  wine  fe rmen-  
t a t i o n  t a n k s  d u r i n g  v i n t age  whi le  s imu lans  adu l t s  m o v e  
in t he  oppos i te  d i rec t ion  3. A l t h o u g h  resources  explo i ted  
a t  t he  l a rva l  s tage  are  of obv ious  i m p o r t a n c e  for t i le de-  
v e l o p m e n t  of Drosoph i l a  species, few repor t s  cons ider  
th i s  s tage  ~. W e  r e p o r t  here  on a be t l av ioura l  d i f ference 
be tween  these  2 species w h e r e b y  newly  h a t c h e d  f i rs t  in- 
s t a r  m e l a n o g a s t e r  l a rvae  p re fe ren t i a l l y  m i g r a t e  to  aga r  
c o n t a i n i n g  e thanol ,  whi le  t he  m o v e m e n t  of s imu lans  
l a rvae  is in i t i a l ly  i n d e p e n d e n t  of e thanol .  
10 newly  h a t c h e d  l a rvae  were p laced  cen t r a l l y  on  a Pe t r i  
d ish  c o n t a i n i n g  agar ;  1 semicircle  of the  aga r  c o n t a i n e d  
6% e thano l .  The  re la t ive  n u m b e r s  on  the  2 sectors  were 

n o t e d  for per iods  up  to 2 h. W e  t e s t ed  6 isofemale  s t r a ins  
of s imu lans  a n d  5 of m e l a n o g a s t e r  derived f rom a Mel- 
b o u r n e  p o p u l a t i o n  (10 repl ica tes  pe r  s t ra in) .  The re  was no 
over lap  across species a n d  m e a n s  across s t r a in s  were 
the re fo re  pooled ;  t h e y  are p lo t t ed  as m e a n  n u m b e r s  
choos ing  aga r  w i t h  e t h a n o l  up  to  120 min  f rom the  s t a r t  
of t he  e x p e r i m e n t  in the  figure. 
D. m e l a n o g a s t e r  l a rvae  showed  a clear  in i t i a l  preference  
for  e t hano l  which  slowly d imin i shed  w i t h  t ime.  The  lar-  
vae  crawled a b o u t  on  t he  aga r  p r e s u m a b l y  in search of 
food which,  a p a r t  f rom the  e t h a n o l  5, was  no t  p rov ided ;  
t he  slow fall in  the  n u m b e r  on  t h e  e t h a n o l - c o n t a i n i n g  agar  
w i th  t ime  t h u s  appea r s  reasonable .  D. s imu lans  l a rvae  on 
t he  o the r  h a n d  showed no in i t ia l  preference,  a l t h o u g h  the re  
was a slow fall  in the  n u m b e r  of l a rvae  on e thano l -con-  
t a i n i n g  aga r  w i t h  t ime,  sugges t ing  t h a t  s imu lans  l a rvae  
s lowly beg in  to e x h i b i t  a t e n d e n c y  t o w a r d s  a lcohol  
avo idance .  
These  resul t s  para l le l  those  acqu i red  for ov ipos i t ion  ; mela-  
nogas t e r  f r e q u e n t l y  shows a preference  for e thano l -con-  
t a i n i n g  med ia  whi le  s imulans  t e n d s  to  or•  on  med ia  
w i t h o u t  e thanolS.  However ,  t he  resu l t s  are far  more  un-  


