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at  4~ in an SW 65K rotor  in the  L3-40 Beckman  ul t ra-  
centr ifuge.  A por t ion  of the  resu l t an t  pel let  was fixed for 
electron microscopy,  a por t ion  was nega t ive ly  s ta ined  
wi th  1% uranyl  ace ta te  and the  r ema inde r  electro-  
phoresed  in 5.13% polyacry lamide  gel con ta in ing  1% 
sodium dodecyl  su lpha te  3. Act in  and desmin  were isolated 
f rom chick gizzard smoo th  muscle as descr ibed by  
Lazarides  and H u b b a r d  s, The 8M urea-soluble  f rac t ion 
of gizzard smoo th  muscle which  had  been  e x t r a c t e d  wi th  
0.6 M KC1, and 0.6 M K1 was used for gel analysis .  Desmin  
represen ts  the  50,000 da l ton  po lypep t ide  t h a t  is con- 
sidered a subun i t  of the  in te rmedia te  f i l aments  of chick 
smoo th  muscle 5. 
Microscopic analysis  showed t h a t  the  lens 7 8 , 0 0 0 x g  
pellet  consis ted main ly  of in te rmedia te -s ized  f i laments  
(10-12 n m  in diameter)  (figures 1 and 2). A few m e m b r a n e  
profiles were observed in the  78,000 •  pellet ,  and  free 
par t ic les  were ev iden t  on the  negat ive  stain.  The electro- 

phore t ic  p a t t e r n s  of s mo o t h  muscle ac t in  and desmin,  and 
of  the  lens 8M-USF and  78,000 • g pel le t  of i n t e rmed ia t e  
f i l aments  are shown in figure 3. The lens 8 M-USF  
(figure 2, B) conta ins  all the  crys ta l l in  po lypep t ides  
(bands 2, 4, 5, 6 and  7) p resen t  in the  lens wa te r  soluble 
f ract ion 3, and m a n y  noncrys ta l l in  c o m p o n e n t s  pre-  
viously  ident i f ied  and charac te r ized  by  mol. w t  a. The 
mos t  p r o m i n e n t  noncrys ta l l in  c o m p o n e n t s  (bands 1 
and  3) cor respond  in pos i t ion  to  t h a t  o f  muscle act in  and  
desmin.  A l though  the  78 ,000•  pel le t  conta ins  the  
ma jo r  po lypep t ides  p resen t  in the  8M-USF,  it is marked ly  
enr iched in the  a m o u n t  of band  1 of mol. wt  previous ly  
e s t ima ted  a t  49,000 da l tons  3. 
These resul ts  s t rong ly  suggest  t h a t  the  i n t e rmed ia t e  
f i l a m e n t s  of the  lens con ta in  a po lypep t ide  of mol. w t  
ident ica l  to  t h a t  of desmin.  F u r t h e r  s t u d y  is required to 
de te rmine  w h e t h e r  the  lens po lypep t ide  and desmin  are 
ident ical  in b iochemical  s t ruc ture .  
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Summary .  In  the  larvae of Chironomus thummi ,  the  newly  repl ica t ing  DNA has  been found to be associa ted wi th  the  
nuclear  membrane ,  as evidenced by  the  isolat ion of DNA nuclear  m e m b r a n e  complexes  (M-band) of 3H- thymidine  
labelled larvae.  

In bacter ia  i t  has  been shown t h a t  ch romosomal  DNA 
is a t t a ched  to the  cell m e m b r a n e  at  var ious points ,  and  
DNA repl icat ion is in t ima te ly  associated wi th  the  cell 
m e m b r a n e  s, 4. Al though there  are a few studies  indica t ing  
absence of any  associat ion be tween  nuclear  m e m b r a n e  
and DNA repl icat ion in eukaryot ic  cells a, ~, several  recen t  
repor ts  p resen t  compel l ing  biochemical  and  electron 
microscopic evidence to suggest  a close associat ion be- 
tween  DNA repl icat ion and nuclear  m e m b r a n e  in b o t h  
animal  and p l an t  cells 7-n.  Thus  scanning  electron 
microscopic s tudies  of the  chromosomes  wi th in  the  nuclei 
of the  sa l ivary  glands of the  larvae of Chironomus t h u m m i  
have  revealed t h a t  the  chromosomes  are connec ted  to 
the  inner  surface of the  nuclear  m e m b r a n e  ~2. In  the  ex- 
pe r imen t s  to be repor ted  here, we have  a t t e m p t e d  to 

examine  whe ther ,  in the  larvae of Chironomus thummi ,  
t he  newty repl ica ted  DNA is associa ted wi th  the  nuclear  
m e m b r a n e  complexes  isolated by  sed imen ta t ion  in bi- 
phasic  sucrose grad ien ts  using the  M-band  technique  la 
Chironomus t h u m m i  larvae (4th instar)  were incuba ted  
for 24 h a t  28 ~ in disti l led wa te r  con ta in ing  0.1 mCi /ml  
t hymid ine -me thy l -3H (sp. act.  6 Ci/mM) to label DNA. 
After  incuba t ion  the  larvae were washed,  suspended  in 
I~rebs -Ringer -phospha te  buffer  (KRP)14 conta in ing  0.25 
M sucrose and homogenized  at  0-4~ The homogena t e  
was fi l tered th rough  a cheese c loth (8 layers).  The f i l t ra te  
was cent r i fuged at  500 •  for 10 rain and the  pellet  was 
suspended  in the  same K R P - b u f f e r e d  sucrose solution.  
This  suspens ion  (1 ml) was layered on 10% Ficol in K R P  
(25 ml) and cent r i fuged a t  3000 •  for 30 rain. The pel le t  
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Sedimentation profile of labelled DNA of nuclear lysate from Chiro- 
riotous larvae. Total radioactivity of the nuclear lysate loaded on the 
gradient was 5.52 • 104 cpm. 
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Radioactivity in DNA of M-bands isolated from Chironomus larvae 
under different conditions 

Percent total all-radioactivity 
(loaded on the gradient) 
associated with the M-band 
( •  SD) 

M-band'isolated from Chironomus 
larvae after 2 h labelling 
with aH-thymidine 46 :[: 2.6 

with aH-thymidine followed by 
8 h chase with cold thymidine 
(1 mg/ml) 16 -4- 2.0 

Each value is an averag e of 3 independent experiments. Total radio- 
activity of the nuclear lysate loaded on the gradient in these ex- 
periments ranged from 5-7 • 104 epm. 

c o n t a i n e d  nuclei  free f rom o t h e r  ce l lu lar  debris .  The  
nuclei  so isola ted were s u s p e n d e d  in TMB2 buffer  12 (Tris 
0.01 M, m a g a n e s i u m  a c e t a t e  0.1 M and  KC1 0.1 M, p H  7.2) 
and  son ica ted  in a n  M S E  u l t r a son ic  d i s i n t eg ra to r  Model  
60 W a t  1.5 m A  for i m i n  a t  ice t e m p e r a t u r e .  The  soni-  
ca ted  nuc lea r  lysa te  (0.5 ml) was  ove r l aye red  on  0.5 ml  
of 0 .2% sarkosy l  (NL-97, Geigy) on  a b iphas i c  sucrose 
g r a d i e n t  in  T M K  buf fe r  (15 mt  of 20% sucrose  over  5 ml  
of 60% sucrose shelf) a n d  cen t r i fuged  in an  M S E  Super -  
speed 50 u l t r a cen t r i f uge  us ing  a n  S W  3 • 23 ml  ro to r  a t  
15,000 r p m  a t  4~ for 30 min.  A whi t e  l ayer  of m e m b r a n e -  
complex  b o u n d  to  m a g n e s i u m  sarkosy l  c rys ta l s  b a n d e d  
a t  t he  i n t e r p h a s e  of t h e  sucrose so lu t ions  (M-band) .  
Af te r  c en t r i f uga t i on ,  t he  c o n t e n t s  of t he  t u b e  were 
col lec ted  b y  s i p h o n i n g  a n d  t r i ch lo roace t i c  ac id- inso luble  
r a d i o a c t i v i t y  in  each  f r ac t ion  was d e t e r m i n e d  15 a n d  
expressed  as p e r c e n t  of t o t a l  r a d i o a c t i v i t y  loaded.  

The  s e d i m e n t a t i o n  profi le  of t he  3H- thymid ine - l abe l l ed  
nuc lea r  lysa te  of t he  Chironomus l a rvae  in the  b iphas ic  
sucrose g r a d i e n t  is shown  in the  figure.  I t  c an  be seen 
t h a t  m o s t  of t he  label led  D N A  is associa ted  to the  M - b a n d  
s e d i m e n t i n g  a t  t h e  i n t e r p h a s e  of the  sucrose solut ions .  
T r e a t m e n t  of t he  nuc lea r  l y sa t e  w i th  deoxyr ibonuc l ea se  I 
( W o r t h i n g t o n  B iochemica l  Corpora t ion)  p r io r  to  sedi- 
m e n t a t i o n  re su l t ed  in t he  r e m o v a l  of the  r a d i o a c t i v i t y  
assoc ia ted  w i t h  t he  M - b a n d  i n d i c a t i n g  t h a t  the  assoc ia ted  
r a d i a c t i v i t y  was due  to labe l led  DNA. F u r t h e r  i t  was  
found  t h a t  m o s t  of t he  r a d i o a c t i v i t y  (80%) was recovered  
in t he  t h y m i d i n e - 5 ' - m o n o p h o s p h a t e  spo t  w h e n  the  
M - b a n d  m a t e r i a l  i so la ted  f rom a H - t h y m i d i n e  label led  
l a rvae  was d iges ted  w i t h  DNase  I and  snake  v e n o m  
p h o s p h o d i e s t e r a s e  (Sigma Chemical  Co., St. Louis,  USA)  
a n d  sub jec t ed  to  p a p e r  c h r o m a t o g r a p h y  us ing  i sobu ty r i c  
acid : l iquor  a m m o n i a : w a t e r  (66 : 1 : 33) as so lven t  mix tu re .  
To t e s t  w h e t h e r  or no t  t he  b ind ing  of the  D N A  w i t h  t he  
M - b a n d  is due  to  e x t r a n e o u s  factors ,  3H-label led Escheri- 
chia coli D N A  (bo th  h e a t - d e n a t u r e d  and  na t ive )  was  
s e d i m e n t e d  a long  w i t h  un labe l l ed  nuc lea r  lysate .  No 
r a d i o a c t i v i t y  due  to bac t e r i a l  D N A  could be  seen asso- 
c ia ted  w i t h  the  M-band .  The  r a d i o a c t i v i t y  in  t he  M - b a n d  
d e c r e a s e d  w h e n  t he  l a rvae  were f i rs t  label led  w i t h  
e H - t h y m i d i n e  for 2 h a n d  t he  label  was  t h e n  chased  w i th  
cold t h y m i d i n e  for 8 h ( table).  This  suggests  t h a t  t he  
newly  syn thes i zed  D N A  m a y  be  assoc ia ted  w i t h  t he  
nuc l ea r  m e m b r a n e .  T a k e n  toge the r ,  t he  f indings  p rov ide  
ev idence  wh ich  impl ies  t h a t  in  Chironomus l a rvae  D N A  
rep l ica t ion  m a y  be  assoc ia ted  wi th  the  nuc lea r  m e m b r a n e .  
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Summary. Pur i f ied  cell wal ls  were p r e p a r e d  f rom Agrobacterium tumefaciens B e b y  e x t r a c t i o n  of i n t a c t  cells w i t h  h o t  
sod ium dodecy l  su l fa te  a n d  d iges t ion  w i t h  proteases .  Such  p r e p a r a t i o n s  c o n t a i n e d  p e p t i d o g l y c a n  t h a t  a ccoun ted  for  
a b o u t  40% of t h e i r  d r y  weight .  E l ec t ron  m i c r o g r a p h s  of t he  pur i f ied  walls  showed  t h a t  t h e y  conse rved  the i r  c h a r a c t e r -  
ist ic shape  desp i te  t he  d ra s t i c  e x t r a c t i o n  procedure .  

Agrobacterium tume/aciens, a g r a m  nega t i ve  rod, has  long 
been  k n o w n  as t he  c a u s a t i v e  a g e n t  of c rown gall  disease 
in m a n y  p l a n t  t i ssues  3. So far, on ly  c rude  wal l  p r epa ra -  
t ions  f rom th i s  o r g a n i s m  h a v e  been  descr ibed  in t he  
l i t e r a t u r e  4,5. I n  t he  p r e s e n t  s tudy ,  e l ec t ron  mic roscopy  
of whole  cells a n d  of p a r t i a l l y  pur i f ied  and  pur i f ied  walls 
of d.  tume/aciens B 6 are p r e s e n t e d  a long  w i t h  t he i r  a m i n o  
acid a n d  amino  suga r  compos i t ion .  
Materials and methods. Agrobacterium tume/aciens B e was 
o b t a i n e d  t h r o u g h  t he  cou r t e sy  of Dr.  A. C. Brown,  
Rockefe l le r  Un ive r s i t y ,  New York.  B a c t e r i a l  cu l tu res  
were g r o w n  on l iquid  m e d i u m  t h a t  c o n t a i n e d :  cas i tone  
(Difco), 2 % ;  y e a s t  ex t r ac t ,  1% ; K~HPO4, 0 .5%, glucose, 
0 .2% a n d  MgSO 4 �9 7 H20,  0 .01% a t  30~ W h e n  t h e y  
r eached  1/4 to 1/3 log phase ,  t h e y  were qu i ck l y  cooled a n d  
h a r v e s t e d .  Crude walls  were o b t a i n e d  b y  m e c h a n i c a l  
d i s r u p t i o n  of f resh  or  f rozen cells s. P a r t i a l l y  pur i f ied  walls  
were o b t a i n e d  b y  e x t r a c t i o n  of t he  c rude  walls  for 22h 
in boi l ing  4 %  sod ium dodecy t  su l fa te  7 fol lowed b y  t r y p s i n  

d iges t ion  (in 0.05 M Tris-HC1 p H  8.5 and  0.02 M CaC12, 
a t  37 ~ overn igh t )  of t he  inso luble  res idue o b t a i n e d  a f t e r  
h e a t i n g  in SDS,  a n d  ex tens ive  wash ing  in water .  A 
second e x t r a c t i o n  cycle w i t h  h o t  4 %  SDS a n d  d iges t ion  
w i t h  p ronase  (0.05 M Tris-HC1, p H  8.0 and  0.02 M CaC12, 
a t  37 ~ overn igh t )  y ie lded pur i f ied  cell walls. 
Fo r  e lec t ron  mic roscopy  n e g a t i v e l y  s t a ined  samples  of 
u n t r e a t e d  cells or  cell wal ls  were depos i t ed  on  coppe r  
gr ids  (400 mesh) p rev ious ly  covered  w i t h  pa r lod ion  m e m -  
brane .  Af te r  1 ra in  t h e y  were s t a ined  w i t h  2% u r a n y l  
a ce t a t e  a n d  0.2% lead c i t ra te ,  a n d  a f t e r  a n  a d d i t i o n a l  
45 sec a d rop  of oc t adecano l  was  a d d e d  a n d  t he  gr ids  
were i m m e d i a t e l y  b l o t t e d  d r y  a n d  t a k e n  for e x a m i n a t i o n  
in t he  Ph i l ips  300 e lec t ron  microscope,  ope ra t ed  a t  80 kV. 
Fo r  t h i n  sec t ion ing ,  p a c k e d  cells were  mixed  w i t h  a n  
e q u a l  v o l u m e  of 3% agar  so lu t ion  a n d  the  m i x t u r e  t a k e n  
up  in to  n a r r o w  p a r t  of a P a s t e u r  p ipe t te .  Af te r  solidifica- 
t ion,  t he  gel was  exha led  a n d  cu t  in to  i m m  a. The  cubes  
were d e h y d r a t e d  b y  pass ing  t h r o u g h  a g raded  series of 


