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a t ed  l iver  cells receive  a ' n o r m a l '  e n z y m e  con t en t .  
B e c o m i n g  older  a n d  m o v i n g  to  t h e  v e n a  centra l is ,  t h i s  
e n z y m e  c o n t e n t  changes ,  d e p e n d i n g  on  age a n d  diet .  

Zusammen/assung. Nachweis ,  dass  n a c h  f e t t r e i che r  
Di~ t  Glykogen  h a u p t s $ c h l i c h  in der  Zone 1 des R a p p a -  
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p o r t s c h e n  Lebe rac inus  abge lage r t  wird,  was  d u r c h  den  
A b b a u  y o n  E n z y m e n ,  die in  den  Zonen  2 u n d  3 a m  
G l y k o g e n a u f b a u  be te i l ig t  s ind  u n d  d u t c h  die physiolo-  
gische R e g e n e r a t i o n  in  der  Zone 1 v e r u r s a c h t  wird. 
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The  Effect of T e m p e r a t u r e  on N u c l e a r  P e r m e a b i l i t y  

I t  has  been  shown  t h a t  t he  t r ans f e r  of R N A  f rom t h e  
nuc leus  to  t he  c y t o p l a s m  is a t e m p e r a t u r e  d e p e n d e n t  
process  1-3. These  s tudies ,  however ,  do no t  d i s t i ngu i sh  
be tween  t he  effect  of t e m p e r a t u r e  on  t he  process ing  of 
R N A  w i t h i n  t he  nuc leus  a n d  i ts  effect  on  t he  p e r m e a b i l i t y  
of t he  nuc lea r  enve lope  to  macromolecules .  I n  t h i s  inves-  
t i g a t i o n  t he  ac t ion  of t e m p e r a t u r e  specif ical ly on t h e  
exchange  process  was  s tud ied  b y  i n j ec t i ng  col loidal  gold 
par t ic les ,  coa ted  w i t h  po lyv iny lpyr ro l idone ,  in to  t he  cyto-  
p l a s m  of t h e  m u l t i n u c l e a t e d  a m o e b a  Chaos chaos. T h e  
in jec ted  cells were i n c u b a t e d  a t  d i f fe ren t  t e m p e r a t u r e s  
and  t he  in t r ace l lu l a r  d i s t r i b u t i o n  of t he  par t ic les  de te rmi -  

n ed  w i t h  t h e  e lec t ron  microscope.  Since these  par t ic les  are  
iner t ,  an d  n o t  a l t e red  b y  t e m p e r a t u r e  d e p e n d e n t  changes  
in cell me tabo l i sm,  t h e i r  ab i l i ty  to  en t e r  t h e  nuc leus  should  
d e p e n d  p r i m a r i l y  on t h e  cha rac te r i s t i c s  of t h e  nuc lea r  en- 
velope,  a s suming  t h a t  d i f fus ion w i t h i n  t h e  c y t o p l a s m  is 
n o t  r a t e  l imi t ing .  F u r t h e r m o r e ,  b o t h  col loidal  par t ic les  a n d  
r i bonuc l eop ro t e in s  cross t h e  nuc lea r  enve lope  t h r o u g h  
cen t r a l  channe l s  w i t h i n  t h e  nuc lea r  pores  4, 5. Thus ,  va r ia -  
t ions  in  t h e  u p t a k e  of gold par t ic les  shou ld  ref lect  changes  
in t h e  p roper t i e s  of t h e  p a t h w a y s  used for n a t u r a l l y  
occur r ing  subs tances .  

T h e  e x p e r i m e n t s  were pe r fo rmed  on well-fed, i n t e r p h a s e  
amoebae .  T h e  p rodecures  for cu l tu r ing  t h e  ceils, p r e p a r i n g  
col loidal  gold, mic ro in jec t ion ,  a n d  e lec t ron  mic roscopy  
h a v e  been  descr ibed  in p rev ious  reports4,  s. Two gold 
f rac t ions  were used;  one c o n t a i n e d  par t ic les  r a n g i n g  f rom 
30-170 A in d i a m e t e r  (L-fract ion) ,  an d  t h e  second con ta in -  
ed 25-55 ~ pa r t i c les  (S-fract ion) .  The  a m o e b a e  were  
in jec ted  a t  r oom t e m p e r a t u r e  ( a p p r o x i m a t e l y  25 ~ a n d  
lef t  a t  t h a t  t e m p e r a t u r e  or r a p i d l y  t r an s f e r r ed  to  an  
i n c u b a t o r  set  a t  34 ~ 10 ~ or 2~ T h e  cells were f ixed in 
OsOa, 30 or 50 m i n  a f t e r  in jec t ion ,  a n d  s u b s e q u e n t l y  
sec t ioned  a n d  e x a m i n e d  w i t h  t h e  e lec t ron  microscope,  
Gold par t ic les  were  c o u n t e d  a n d  m e a s u r e d  in a d j a c e n t  
regions  of nuc l eop la sm a n d  c y t o p l a s m  accord ing  to  t h e  
m e t h o d s  descr ibed  ear l ie rL  

T h e  resu l t s  of t h e  50 m i n  e x p e r i m e n t s  pe r fo rmed  w i t h  
t h e  L- f r ac t ion  are  shown  in Tab le  I, A. The  p e r c e n t  of t h e  
t o t a l  pa r t i c le  c o u n t  p r e s en t  in t h e  nuc leoplasm,  decreased  
as t h e  t e m p e r a t u r e  was lowered f rom 34 ~ to 10~ T h e  
decrease  f rom 34 ~ to 25~ is s t a t i s t i ca l ly  s ign i f ican t  
( P  < 0.025), as i s t h e  decrease  f rom 25 ~ to 10 ~ ( P  < 0.001). 
Surpr is ingly ,  w h e n  t h e  t e m p e r a t u r e  was d ro p p ed  to  2 ~ 
t he re  was an  increase  in t h e  c o n c e n t r a t i o n  of par t ic les  in 
t h e  nuc leoplasm,  a n d  t h e  resu l t s  are n o t  s ign i f i can t ly  
d i f fe ren t  f rom those  o b t a i n e d  a t  25~ ( P  > 0.5). Closer 
e x a m i n a t i o n  of t h e  cells i n c u b a t e d  a t  2 ~ showed  t h a t  t h e r e  
were 2 s epa ra t e  p o p u l a t i o n s  of nuclei .  Th i s  was  n o t  t h e  
case a t  h ighe r  t e m p e r a t u r e s .  I n  one p o p u l a t i o n  (non- 
p e r m e a b l e  nuclei) ,  cons i s t ing  of a p p r o x i m a t e l y  70~o of 

An electron micrograph of a permeable nucleus foliowing incubation 
at 2~ The gold particles (smalI arrows) are concentrated in the 
nucleoplasm (N). Breaks in the nuclear envelope are apparent (large 
arrows). Small vesicles (V), possibly fragments of the envelope, are 
frequently associated with permeable nuclei. In this instance the 
vesicles are restricted to the cytoplasm, but they have also been seen 
in the nueleoplasm. 
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Table I. Particle distribution 
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Temperature No. of No. of Totalvolume No. of particles No. of particIes Percent of total 
(~ amoebae nuclei examined in cytoplasm innucleoplasm count in 

(~zm ~) " nucleoplasm 

High and low value 
for individual 
amoebae (%) 

A) 50 min experiments - L-fraction 
34 5 44 71 8,171 5,997 46 51-35 
25 11 64 78 11,058 4,959 32 47-16 
10 7 63 100 10,226 586 8 15-2 

2 5 50 82 6,347 3,856 32 37-10 

B) 30 min experiments - L-fraction 
25 6 37 59 4,676 1,176 21 27-13 

2 6 52 84 5,217 217 3 7-1 

C) 50 min experiments - S-Fraction 
25 5 40 64 10,544 11,175 51 63-48 
10 5 23 35 4,211 2,037 32 41-26 

Half of each value represents nueleoplasm and half cytoplasm. 

Table II. Size distribution of particles in nuclei (%) 

Temp.(~ Number ofparticles 0-35 k 35-70 X 70-105 X 105-140 A >140  X 
measured 

34 1000 1 52 42 5 0 
10 600 2 56 41 1 0 

t he  nuclei,  t h e  c o n c e n t r a t i o n  of go ld  par t ic les  in  t h e  nucleo- 
p l a s m  was on ly  3 ~o of t h a t  in  t he  cy top lasm.  T he  r e m a i n d e r  
of t he  nucle i  were pe rmeab le ,  a n d  ac tua l l y  c o n t a i n e d  
h ighe r  c o n c e n t r a t i o n s  of gold t h a n  t he  cy top la sm.  The  
l a t t e r  f ind ing  can  be exp la ined  b y  t h e  fac t  t h a t  t he  enve-  
lopes of t he  p e r m e a b l e  nucle i  c o n t a i n e d  localized regions 
ill wh ich  b r e a k d o w n  of m e m b r a n e s  could be  obse rved  
(Figure).  N o n - p e r m e a b l e  and  p e r m e a b l e  nucle i  were 
f r e q u e n t l y  found  a d j a c e n t  to  one  a n o t h e r  in  t i le same  cell, 

, i n d i c a t i n g  t h a t  t he  t e m p e r a t u r e  d e p e n d e n t  v a r i a t i o n s  in  
gold u p t a k e  are l im i t ed  b y  t he  nuc lea r  "envelope, r a t h e r  
t h a n  b y  v a r i a t i o n  in t h e  m i g r a t i o n  ra t e s  of t h e  col loidal  
par t ic les  w i t h i n  t he  cy top lasm.  Tab le  I , B  gives t he  
resu l t s  of e x p e r i m e n t s  in  wh ich  t h e  cells were i n c u b a t e d  a t  
25 ~ a n d  2 ~ for 30 rain.  A t  th i s  t i m e  i n t e r v a l  t he  di f ferences  
in nuc lea r  u p t a k e  are  s ign i f i can t  ( P  < 0.001), a n d  a t  2~ 
on ly  a b o u t  2~o of t h e  nucle i  were pe rmeab le ,  d e m o n s t r a t -  
ing t h a t  t he re  is essen t ia l ly  no  m e m b r a n e  b r e a k d o w n  
d u r i n g  t he  f i rs t  30 ra in  a t  low t e m p e r a t u r e .  

One e x p l a n a t i o n  for  t h e  obse rved  decreases  in  nuc lea r  
p e r m e a b i l i t y  is t h a t  lower ing  t he  t e m p e r a t u r e  ef fec t ively  
reduces  t h e  size of t h e  cen t r a l  channe l s  w i t h i n  t he  pores.  
To t e s t  t h i s  h y p o t h e s i s  t he  size distribut_ions of t he  L-frac-  
t i on  par t ic les  p r e s e n t  in  t he  nucle i  fol lowing i n c u b a t i o n  
a t  10 ~ a n d  34~ for 50 m i n  were d e t e r m i n e d  (see Tab le  II) .  
The re  is a di f ference in t he  n u m b e r  of par t ic les  a t  t he  
u p p e r  l im i t  of t h e  p e r m e a b i l i t y  range,  b u t  i t  is un l ike ly  
t h a t  t h i s  could a c c o u n t  for t he  differences  in  t he  u p t a k e  
ra t e s  since on ly  a smal l  pe rcen t age  of par t ic les  are involved .  
F u r t h e r  ev idence  t h a t  lower ing  t he  t e m p e r a t u r e  does no t  
s imp ly  exc lude  la rger  par t ic les ,  b u t  also a l te rs  t he  exchange  
ra t e s  of sma l l  par t ic les  was o b t a i n e d  b y  s t u d y i n g  the  
u p t a k e  of S- f rac t ion  pa r t i c les  a t  25 ~ and  10~ (see T a b l e  
I, C). A l t h o u g h  th i s  f r ac t ion  con ta ins  par t ic les  wh ich  are 
well  be low the  size r ange  (105-140 ~)  in  wh ich  v a r i a t i o n s  

in exclusion were de tec ted ,  t he re  is st i l l  a h igh ly  s ign i f ican t  
di f ference in nuc lea r  u p t a k e  ( P  < 0.001). 

Il l  conc lus ion  i t  has  been  shown  t h a t  t he  r e l a t ive  r a t e s  
of exchange  of p a r t i c u l a t e  m a t e r i a l  across t he  nuc lea r  
enve lope  decreases  as t he  t e m p e r a t u r e  is lowered f rom 
34 ~ to 10~ One m i g h t  expec t  s imi la r  t e m p e r a t u r e s  
effects for  t he  exchange  of r ibonuc leopro te in ,  s ince th i s  
s u b s t a n c e  ut i l izes  t he  same p a t h w a y s  as col loidal  gold. 
W h e n  t he  cells were i n c u b a t e d  a t  2 ~ t h e r e  were indica-  
t ions  of nuc lea r  enve lope  b r e a k d o w n .  A l t h o u g h  i t  could  be  
shown  t h a t  t he  nuc lea r  enve lope  r ep resen t s  t h e  t e m p e r a t u r e  
d e p e n d e n t  bar r ie r ,  i t  could  n o t  b e  d e t e r m i n e d  f rom the  
ava i l ab le  d a t a  w h e t h e r  phys ica l  or chemica l  processes  are 
effected.  I t  was  e v i d e n t  however ,  t h a t  t he  obse rved  
dif ferences  in  t he  c o n c e n t r a t i o n  of gold w i t h i n  t h e  
nuc leop la sm were no t  due  s i m p l y  to  changes  in t he  d imen-  
s ions of t he  cen t r a l  channe l s .  

Zusammenjassung. Die re l a t ive  T r a n s p o r t g e s c h w i n d i g -  
ke i t  v o n  ko l lo ida lem Gold d u r c h  die M e n l b r a n  des Zell- 
kerns  v e r r i n g e r t  sich, w e n n  die T e m p e r a t u r  yon  34 ~ auf  
10 ~ h e r a b g e s e t z t  wird.  E i n  ~ihnlicher T e m p e r a t u r e f f e k t  
da r t  fiir den  T r a n s p o r t  v o n  R i b o n u k l e o p r o t e i n e n  ange-  
n o m m e n  werden,  da  diese S u b s t a n z e n  dense lben  W e g  
ben i i t zen  wie kol loidale  Teilctlen. W e r d e n  die Zellen bei 
2 ~ inkub ie r t ,  so m a c h e n  s ich Anze ichen  e iner  Z e r s t 6 r u n g  
der  K e r n m e m b r a n e  b e m e r k b a r .  Die b e o b a c h t e t e n  Kon-  
z e n t r a t i o n s u n t e r s c h i e d e  yon  ko l lo ida lem Gold i n n e r h a l b  
des K e r n p l a s m a s  k o n n t e n  n i c h t  d u r c h  Gr6ssen~inderungen 
der  Zentralkan~i le  in den  K e r n p o r e n  erkl~irt werden.  

CARL M. FELDHERR 
Department o/ Pathology 
University o/Florida, College o/Medicine 
Gainesville, Florida 32601 (USA),  25 September 7972. 


