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Repetitive DNA Associated with Rodent Liver Nuclear Envelopes 

Elec t ron  microscopy of u l t ra-centr i fuged,  in te rphase  
nuclei ~ and of spread me taphase  chromosomes  2 reveals  
an in t ima te  associat ion of ch roma t in  and  the  nuclear  
envelope.  Such an associat ion is also ind ica ted  by the  
presence  of res idual  amoun t s  of D N A  in nuclear  envelopes 
isolated by  a va r i e ty  of procedures  a. These, and  other  
results,  s t rongly  suggest  t he  in vivo a t t a c h m e n t  of 
in te rphase  ch roma t in  to specific envelope sites. Poss ibly  
th is  a t t a c h m e n t  has a role in order ing in te rphase  
chromat in ,  t hough  no t  in D N A  repl ica t ionL We  have  
previously  s tudied  the  D N A  associa ted wi th  isolated ra t  
l iver nuclear  envelopes (n.e.-DNA)~,a and we repor t  here 
fu r ther  expe r imen t s  to charac ter i se  th is  DNA and the  
na tu re  of its a t t a c h m e n t  to the  envelope.  

Materials and methods. Nuclear  envelopes were isolated 
f rom albino ra t  or mouse  l iver nuclei  as previous ly  5 and 
fu r ther  purif ied on sucrose dens i ty  gradientsa.  D N A  was 
puri f ied f rom nuclei  and  nuclear  envelopes 6, dissolved in 
0.5 • SSC (1 • SSC is 15 m M  tr i -sodiuln  ci t rate ,  150 m M  

Content of highly repetitive DNA in nuclear envelope - associated 
and bulk DNA from rat and mouse liver nuclei 

Source of DNA Repetitive DNA (%) Enrichment 

Rat nuclei 16 1.00 
Rat nuclear envelopes 25 1.59 
Mouse nuclei 22 1.00 
Mouse nucIear envelopes 30 1,37 

NaC1, p H  7.0) and in some cases sonica ted  for 3 min.  The 
mel t ing  t empera tu re7  and  reassocia t ion kinet ics  of DNA 
samples were de t e rmined  opt ical ly  using a Cary 14 
recording s p ec t ro p h o t o me t e r  8,9. Analyt ica l  CsC1 dens i ty  
grad ien t  cen t r i fuga t ion  ~~ was pe r fo rmed  using a Spinco 
Model E analy t ica l  u l t ra-centr i fuge.  D N A  and pro te in  
were e s t ima ted  as before 5. 

ResuEs and discussion. Iso la ted  nuclear  envelopes f rom 
ra t  or mouse l iver nuclei  con ta ined  1 -3% of t he  to ta l  
nuclear  DNA, the  recoveries being very  similar  for male  
(2.0 :~ 0.3% ) or female (1.6 =k 0.3% ) animals.  W h e n  the  
envelopes were pel le ted  (60 m i n •  g) f rom 
suspensions  in 10 m M  Tris-HC1 p H  7.4, conta in ing  
increasing salt  concent ra t ions ,  there  was a progressive 
loss of D N A  from the  envelope pellet ,  as shown in 
Figure  1. 0.2 M NaC1 was suff icient  to r emove  50% of the 
D N A  from the  envelope pellet ,  suggest ing as the  s imples t  
exp lana t ion  t h a t  mos t  of the  n . e . -DNA is bound  to the  
envelope by  ionic forces. 

The con ten t  of h ighly  repe t i t ive  D N A  in the  purif ied 
D N A  samples  was es t imated  at  var ious  reassocia t ion 
t empera tu res ,  as descr ibed by  HENNIa and WALKER s. 
Figure 2 shows second order  ra te  p lo ts  of the  reassociat ion 
of ra t  bulk  and n . e . -DNA's  used for such an es t imat ion .  
Since some of the  D N A  samples  had  d i f ferent  T m ' s  (due 
to  the  use of DNAase  1 in the  envelope isolat ion procedure,  
as shown by control  exper iments)  the  con ten t s  of repe t i t ive  
D N A  in the  var ious  samples  was e s t ima ted  at  25~ 
below the  Tm of the  par t i cu la r  sample,  al lowing valid 
compar i son  be tween  t h e m  n,9. The results  are shown in 
the  Table,  each value being based on at  least  3 es t imates  
and these  show t h a t  n . e . -DNA is modera t e ly  enr iched in 
repe t i t ive  sequences re la t ive to  bulk DNA. 
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Fig. 1. Recovery of DNA and protein in nuclear envelopes pelleted 
from solutions containing increasing NaC1 concentrations. 
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Fig. 2. Second order rate plots of the reassociation of rat 
liver bulk nuclear and nuclear envelope-associated DNA's, at 
60 ~ in 0.5 • SSC, A0, absorbanee at 260 nm of denatured 
DNA; Aoo, absorbance of native DNA; A, absorbance of 
renaturing DNA at a particular time. 
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Mouse bu lk  and  n . e . -DNA' s  were also c o m p a r e d  b y  
ana ly t i ca l  CsC1 d e n s i t y  g r ad i en t  cen t r i fuga t ion .  Bu lk  
D N A  b a n d e d  as a s h a r p  zone of p e a k  dens i t y  1.701 g /cm ~ 
w i t h  sa te l l i te  a t  1.690 g /cm a. 4 samples  of n . e . -DNA 
b a n d e d  as b r o a d e r  zones w i t h  peak  d e n s i t y  a t  1.705 g /cm ~ 
a n d  w i t h o u t  a s epa ra t e  satel l i te .  Low M. W. b u l k  D N A  
also b a n d e d  in th i s  way.  In  these  cases i t  was no t  poss ible  
to  accu ra t e ly  e s t i m a t e  t he  sa te l l i t e  c o n t e n t  of mouse  
n .e . -DNA,  b u t  i t  was  obv ious ly  no t  g rea t ly  en r i ched  in 
th i s  DNA,  re l a t ive  to  bulk .  

The  p r e sen t  resu l t s  re inforce  t he  v iew t h a t  t he  D N A  
associa ted  w i t h  i so la ted  nuc lea r  enve lopes  is to  some 
e x t e n t  a d i s t i nc t  sub - f r ac t i on  of t he  t o t a l  DNA.  I t  is 
cha rac t e r i zed  b y  i ts  close assoc ia t ion  w i t h  t he  enve lope  
a n d  b y  m o d e r a t e  e n r i c h m e n t s  in l a t e - r ep l i ca t ing  a,5 a n d  
r epe t i t i ve  D N A  sequences  a n d  p r e s u m a b l y  also b y  a n  
e n r i c h m e n t  in  sequences  m o s t  i n t i m a t e l y  assoc ia ted  w i t h  
t he  enve lope  in  v ivo .  These  resu l t s  are  c o n s i s t e n t  w i t h  
the  n . e . -DNA b e i n g  de r ived  f rom pe r iphe ra l  he te ro -  
c h r o m a t i n ,  a conc lus ion  also r eached  b y  FRANKZ et  a112. 
F ina l l y  i t  seems t h a t  t he  assoc ia t ion  of th i s  pe r iphe ra l  

h e t e r o c h r o m a t i n  w i th  t he  enve lope  is m a i n l y  m e d i a t e d  
b y  ionic forces. 

Zusammen/assung.  Nachweis ,  dass  aus  R a t t e n -  u n d  
Maus leberze l len  isolierte,  an  Z e l l k e r n m e m b r a n e  gebun-  
dene  DNS,  im Vergle ich  zum t o t a l e n  Z e l l k e r n - D N S  be- 
sonders  re ich  an  wiede rho lenden  Sequenzen  waren.  
Diese D N S  s t a m r n t  v e r m u t l i c h  aus  p e r i p h e r e m  He te ro -  
c h r o m a t i n  und  is t  an  die M e m b r a n  haupts~tchl ich  d u r c h  
I o n e n  gebunden .  
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The Localization of Adenosine Triphosphatase Activity in the Alveolar 
Macrophages of Hamster Lung 

The  a lveo la r  m a c r o p h a g e s  of m a m m a l i a n  lung  are  
k n o w n  to  c o n t a i n  a v a r i e t y  of h y d r o l y t i c  enzymes  ~-4 
a l t h o u g h  t he  precise i n t r ace l lu l a r  loca t ion  of m a n y  of 
these  enzymes  has  ye t  to  be  de t e r m i ned .  I n  th i s  s t u d y  
t he  adenos ine  t r i p h o s p h a t a s e  (ATPase)  a c t i v i t y  in  t he  
a lveo la r  m a c r o p h a g e s  of h a m s t e r  lung  was local ized 
us ing  a n  e lec t ron  cy t ochem i ca l  t echn ique .  

2~laterials and method. Y o u n g  a d u l t  h a m s t e r s  were 
kil led by  cerv ica l  d i s loca t ion  a n d  smal l  b locks  of lung  
t i ssue  were excised and  f ixed for 90 m i n  in ice-cold 2.5% 
g l u t a r a l d e h y d e  in cacody la t e  buffer,  p H  7.3. The  b locks  
were washed  for  30 m i n  in cacody la t e  buf fe r  c o n t a i n i n g  
0.15 M sucrose and  t h e n  cu t  in to  sect ions  ( abou t  0.5 m m  
th ick)  w i t h  a razor  blade.  The  sect ions  were i n c u b a t e d  
for 20-30 m i n  in a lead cap t u r e  m e d i u m  a t  37~ The  
m e d i u m  cons is ted  of 11 ml  of 0.2 M Tris-maleate buffer  
(pH 7.4), 11 m l o f  2.5 m M  A T P  (Sigma London) ,  2 ml  of 
0.1 M m a g n e s i u m  su lpha te ,  a n d  1 ml  of 10 m M  lead 
n i t r a t e .  Cont ro l  sec t ions  were i n c u b a t e d  in a s u b s t r a t e -  
free m e d i u m  or, a l t e rna t ive ly ,  in  a m e d i u m  in which  A T P  
h a d  been  rep laced  b y  a n  equ imo la r  q u a n t i t y  of Na  fl-gly- 
ce ro-phospha te .  Af te r  i n c u b a t i o n  all sect ions  were pos t -  
f ixed for 45 m i n  in buffered  1% o s m i u m  te t rox ide ,  r ap id ly  
d e h y d r a t e d  in abso lu te  e thanol ,  and  e m b e d d e d  in Aral-  
dire  5. U l t r a t h i n  sect ions  were cu t  on a R e i c h e r t  u l t r a -  
m i c r o t o m e  and  v iewed w i t h o u t  f u r t h e r  s t a in ing  in a n  
A E I  801 e lec t ron  microscope  a t  an  acce le ra t ing  vo l t age  
of 60 kV. 

Observations. E n z y m i c  hydro lys i s  of A T P  in the  presence  
of free lead ions resu l t s  in  an  inso luble  e l ec t ron -opaque  
depos i t  of lead p h o s p h a t e .  I n  t i ssues  i n c u b a t e d  for  30 m i n  
or longer  a f ine p a r t i c u l a t e  depos i t  of lead p h o s p h a t e  was 
p r e sen t  in  t he  p l a s m a  m e m b r a n e s  of t he  a lveo la r  macro-  

phages .  A l t h o u g h  m e m b r a n o u s  s t r u c t u r e s  are genera l ly  
poor ly  de l inea t ed  in sect ions  of u n s t a i n e d  mate r ia l ,  
suf f ic ient  c o n t r a s t  was p r e sen t  in  the  e lec t ron  micro-  
g r a p h s  to  conf i rm t h a t  t he  r eac t ion  p r o d u c t  was  asso- 
c ia ted  w i t h  t he  ou te r  leaf let  of t he  p l a s m a  m e m b r a n e .  
The  i n t e n s i t y  of t he  r eac t ion  was g rea t e s t  ove r  t he  surface 
of p seudopod ia  (Figure  1). A m o d e r a t e l y  in tense  reac t ion  
was p r e sen t  in  t he  m e m b r a n e s  of p h a g o c y t i c  a n d  micro-  
p inocy to t i c  pi ts .  M a n y  of the  d iges t ive  vacuoles  and  
dense  bodies  were label led  (Figure 2) b u t  t he  m i t o c h o n d r i a  
and  Golgi  e l ement s  were u n r e a c t i v e  even  a f te r  p ro longed  
i n c u b a t i o n  (120 min) .  Non-specif ic  depos i t ion  of lead 
sa l t s  was  c o m m o n l y  seen w i t h i n  t he  nuclei  o fmacrophages .  
Cont ro l  sect ions  i n c u b a t e d  in a m e d i u m  lack ing  t h e  
s u b s t r a t e  (ATP) or in a m e d i u m  in which  A T P  h a d  been  
rep laced  b y  N a  f l -g lycerophosphate  showed  no reac t ion .  

Discussion. I n  th i s  s t u d y  v igorous  hydro lys i s  of A T P  
was observed  on t h e  p l a s m a  m e m b r a n e s  of a lveo la r  
macrophages ,  e spec ia l ly  in  a reas  where  p seudopod ia  or 
p h a g o c y t i c  and  mic rop inocy to t i c  p i t s  are  presen t .  The  
absence  of r e a c t i v i t y  in con t ro l  i n c u b a t i o n s  where  
Na  f l -g lycerophospha te  was s u b s t i t u t e d  for A T P  in t h e  
m e d i u m  suggests  t h a t  t he  hydro lys i s  of A T P  was due  in 
n o r m a l  c i r cums tances  to  t he  ac t ion  of a specific A T P a s e  
r a t h e r  t h a n  a non-specif ic  phosphomonoes t e r a se .  

I n  p rev ious  cy tochemica l  s tud ies  A T P a s e  ha s  been  
obse rved  on  t he  microvi l l i  of i n t e s t i n a l  e p i t h e l i u m  6, t he  
e n d o t h e l i u m  of capi l la r iesL t he  basa l  in fo ld ings  of cell 
m e m b r a n e s  in k i d n e y  tubu le s  s, and  t he  microvi l l i  of bi le  
canal icu l i  9. In  each  of these  s i tes  ex tens ive  t r a n s f e r  of 
f luid is k n o w n  to t a k e  place. F u r t h e r m o r e ,  s t rong  A T P a s e  
a c t i v i t y  has  been  de t ec t ed  w i t h i n  mot i le  cell processes~~ n. 
I t  is p r o b a b l e  the re fo re  t h a t  m u c h  of t he  A T P a s e  con t a in -  
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