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ab le  to  grow on m i n i m a l  glucose p la tes .  Tile m e t h o d  for 
t r a n s d u c t i o n  ha s  been  descr ibed  b y  CI~UNG a n d  GREEN- 
BERG 8. 

Results and discussion: O b s e r v a t i o n s  conce rn ing  s u r v i v a l  
a n d  m u t a t i o n  f requencies  for  ma l to se  nega t i ve  m u t a n t s ,  
u s ing  M N G  in d i f fe ren t  m e d i a  a n d  for  va r ious  t i m e  in ter -  
vals ,  are  s u m m a r i s e d  in t h e  Table .  Accord ing  to  these  
resul ts ,  we f ind  t h a t  t h e  f r ac t ion  of cells s u r v i v i n g  decreases  
whi le  t h e  m u t a t i o n  f r equency  increases  w i t h  d u r a t i o n  of 
t r e a t m e n t  in  all  t h e  med ia ,  a n d  t h a t  t he  r a t e  of m u t a -  
genesis  is close to  i t s  o p t i m u m  in b o t h  b r o t h  a n d  DM- 
glucose w i t h i n  30 rain,  whi le  in  buffer,  i t  is r eached  a t  
60 min .  Th i s  impl ies  t h a t  M N G  takes  a l m o s t  twice  t h e  
t i m e  to a t t a i n  o p t i m u m  eff ic iency in  non - g r ow i ng  media ,  
than in  g rowing  med ia .  

Mal  m u t a n t s  are  rea l ized  b y  m u t a t i o n s  a t  t w o  loci, 
malA a n d  maIB. Class i f ica t ion of these  m u t a n t s  as 
malA or malB was done,  whi le  Pe r fo rming  these  exper i -  
men t s ,  b y  t r a n s d u c t i o n a l  s tud ies  since t h e  p h e n o t y p i c  
express ion  of these  m u t a n t s  are  ind i s t ingu i shab le .  The  
m u t a n t s  w h i c h  were able  to  r e c o m b i n e  w i t h  A B 3 2 5  
(malA) a n d  were u n a b l e  to  r e c o m b i n e  w i t h  P A M 2 0 1  
(malB) t o  g ive  Mat+ were cons idered  to  be  malB. The  
inverse  was  t r u e  for  t hose  cons idered  to  be  malB. I t  was 
f o u n d  t h a t  t h e  loci were  a l m o s t  equa l ly  affected.  

The  r e su l t s  o b t a i n e d  in t h e  p r e s en t  s t u d y  ind ica te  t h a t  
M N G  t r e a t m e n t  is m o s t  ef fec t ive  for  m u t agenes i s  in  
DM-glucose m e d i u m  p r o b a b l y  because  glucose ac t s  
i m m e d i a t e l y  p r o v i d i n g  a n  e x t r a  source  of ene rgy  wh ich  
increases  t h e  r eac t i v i t y .  On t h e  o t h e r  h a n d ,  no  Mal  
m u t a n t s  were r ecovered  i m m e d i a t e l y  a f t e r  t r e a t m e n t  in  
J .N.  b r o t h ,  i n d i c a t i n g  t h a t  i t s  m u t a g e n i c  ac t iv i t i e s  are 
reduced.  The  s lowed down  a c t i v i t y  of M N G  in t h i s  
comple t e  m e d i u m  could be  due  to  t h e  complex  n a t u r e  of 
t h e  b ro th .  A m o n g  t he  buffers ,  t h e  t r e a t m e n t  g iven  to  

cells in  TM buffer  was  leas t  effective,  p r o b a b l y  due  to  
t he  slow r a t e  of g r o w t h  of t he  cells. I t  was  obse rved  t h a t  
t h e  ef fec t iveness  of M N G  was  n o t  a l t e r ed  b y  t h e  m e d i u m  
in  w h i c h  t h e  cells were  g rown p r io r  to  t r e a t m e n t .  However ,  
i t  was  d e p e n d e n t ,  b o t h  as a k i l l ing a n d  m u t a g e n i c  agent ,  
u p o n  t he  t y p e  of m e d i u m  in w h i c h  t h e  t r e a t m e n t  was  
given,  i t s  cons t i t uen t s ,  t h e i r  i n t e r a c t i o n  w i t h  M N G  and  
t he  r e l a t ive  r a t e  of g r o w t h  of t h e  cells. The  resu l t s  do n o t  
ind ica te  a clear  cor respondence  b e t w e e n  M N G  l e t h a l i t y  
a n d  mutagenes i s .  The  i m m e d i a t e  r e a c t i v i t y  of t h i s  
m u t a g e n i c  a g e n t  suggests  t h a t  a b r e a k d o w n  p r o d u c t  of 
d i a z o m e t h a n  4 is no t  t h e  p r inc ipa l  a g e n t  invo lved .  M N G  
itself  is p r o b a b l y  exe r t i ng  d i rec t ly  b o t h  l e tha l  and  m u t a -  
genie  effects on  t h e  ceils. F u r t h e r  de ta i l s  a b o u t  t he  n a t u r e  
of M N G  ac t ion  wiI1 be  p u b l i s h e d  alsewhere.  

Rdsumd. L'eff icaci t6  de la n i t r o soguan id ine  (MNG) 
d a n s  d i f f6rents  mi l i eux  de cu l tu re  e t  t a m p o n s  a 6t6 
6tudi6e. Les  r6su l t a t s  o b t e n u s  m o n t r e n t  q u ' a v e c  le 
t emps ,  la f r ac t ion  de cellules s u r v i v a n t  au  t r a i t e m e n t  
d i m i n u e  p r o g r e s s i v e m e n t  alors  que  la f r6quence  de  
m u t a t i o n  a u g m e n t e  d a n s  tous  les mil ieux.  L ' a c t i v i t 4  de 
ce t  a g e n t  a t t e i n t  u n  m a x i m u m  d a n s  le mi l ieu  DM- 
ghleose l a n d i s  qne  dans  le t a m p o n  TM elm est  ~ son  plus  
ba s  n ivean .  
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Preparation of Virus-Like Particles of DNA-IgG 

A n a t u r a l  way  to  i n t r o d u c e  nucleic  acids in to  t he  genome 
of a cell is b y  m e a n s  of vi ruses .  I t  is k n o w n  t h a t  on  t h e  cell  
m e m b r a n e s  of t i s sues  suscep t ib le  to  v i rus  in fec t ion  t h e r e  
are  specific r ecep to r  sites.  T he  v i rus  par t ic les  get  f ixed  to  
these  r ecep to r  s i tes  - p r o b a b l y  b y  m e a n s  of s e c o n d a r y  
forces of t h e  same  t y p e  t h a t  are  i n v o l v e d  in  t h e  t e r t i a r y  
s t r u c t u r e  of p ro t e in s  a n d  in a n t i g e n - a n t i b o d y  in ter -  
ac t ions  - a n d  f ina l ly  p e n e t r a t e  i n to  t h e  cell b y  p inocy tos i s  1. 

�9 Th i s  p h e n o m e n o n  sugges ted  to  us  a m e t h o d  to  i n t roduce  
genet ic  m a t e r i a l  in to  cells of specific t i ssues :  to  p r e p a r e  a n  
inc lus ion  complex  b e t w e e n  D N A  a n d  pro te in ,  us ing  D N A  
e x t r a c t e d  f rom a t i ssue  t h a t  ha s  a des i rab le  genet ic  
cha rac t e r i s t i c  a n d  i n t r o d u c e  i t  to  t h e  homologous  t i ssue  of 
a n o t h e r  a n i m a l  t h a t  lacks  t h i s  charac te r i s t i c .  T he  p r o t e i n  
necessa ry  to  cover  a n d  p r o t e c t  t h i s  D N A  should  h a v e  t h e  
speci f ic i ty  for  t h e  t i ssue  chosen  as t a r g e t ;  we chose a n  
i m m u n o g l o b u l i n  (IgG) p r e p a r e d  b y  i m m u n i z i n g  a n i m a l s  
w i t h  l i popro te ins  of t h e  m e m b r a n e  cells of t h e  t a r g e t  
t issue. W e  also used  one of t h e  f r a g m e n t s  of th i s  IgG 
o b t a i n e d  b y  p a p a i n  t r e a t m e n t  (Fab).  Our  a p p r o a c h  
requi res  t h a t  t he  c l a t h r a t e  should  be  fo rmed  w i t h  t he  D N A  
as core  of t h e  par t i c le  a n d  t h e  I gG  or F a b  p ro t e in s  as 
capsomers .  I n  t h i s  p a p e r  we p r e s e n t  some of our  resul ts ,  
wh ich  were  p a r t i M l y  p r e s e n t e d  p rev ious ly  a t  2 mee t ings  2, 3. 

Material and methods. P r e p a r a t i o n  of DNA.  I t  was  
p r e p a r e d  a f t e r  SZYBALSKI a n d  SZYBALSKA 4 us ing  razored  
sk in  of b l ack  rabb i t s .  T he  f ina l  pu r i f i ca t i on  was a t t a i n e d  
b y  m e a n s  of agarose  co lums t y p e  t3io-Gel A-15 M a n d  
Bio-Gel  A-150 M. 

L ipopro te ins .  T h e y  were p r e p a r e d  b y  e x t r a c t i n g  razored  
sk in  of whi t e  r a b b i t s  - p rev ious ly  homogen i zed  in  a U l t r a -  
T u r r a x  homogen ize r  - w i t h  0.8 2 9 / p o t a s i u m  t h i o c y a n a t e ,  
s t i l t i n g  30 ra in  a t  4~ The  m i x t u r e  was  cen t r i fuged  f i r s t  
a t  2,500 g to  s epa ra t e  t h e  gross par t ic les  a n d  t h e n  a t  
105,000 g to  s e d i m e n t  t he  l ipoprote ins .  B o t h  cen t r i fnga -  
t ions  were pe r fo rmed  a t  0~ The  t h i o c y a n a t e  was 
e l i m i n a t e d  b y  d ia lyz ing  aga in s t  NaC1 0.8 M p H  7.0 a n d  
t h e  l ipopro te ins  were k e p t  a t  5 ~ in  t r i t o n  X-  100 0.001 M 5. 

P r e p a r a t i o n  of an t ibodies .  The  l ipopro te ins  mixed  w i t h  
comple t e  F r e u n d ' s  a d j u v a n t ,  were i n j ec t ed  weekly  to  a 
goat .  The  IgG  was o b t a i n e d  a f t e r  KENDALL ~, a n d  i t  
was  k e p t  f rozen a t  - -  23 ~  in 0.15 M sal ine solut ion.  

P r e p a r a t i o n  of t h e  c l a t h r a t e  D N A - I g G .  I t  was  p r epa red  
b y  m i x i n g  DNA,  p rev ious ly  pur i f i ed  as descr ibed,  wi t t l  
I g G  a t  a r a t i o  of 1/312, b o t h  subs t ances  d issolved in  
0.15 M NaC1. The  m i x t u r e  was  d ia lyzed  vs  sod ium c i t r a t e  
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0.02 M for 12 h a t  r oom t e m p e r a t u r e ,  c h a n g i n g  t h e  
sod ium c i t r a t e  so lu t ion  severa l  t imes .  Af te r  dialysis,  a 
p r ec ip i t a t e  was  formed.  Th i s  was  dissolved b y  a d d i n g  
NaC1 to a d j u s t  t he  c o n c e n t r a t i o n  to  0.15 M ;  t h e  insoluble  
res idue  was r e m o v e d  b y  cen t r i f uga t i on  a t  2,000 g for  
15 rain.  The  s u p e r n a t a n t  was  passed  t h r o u g h  a Bi0-Gel  
P-300 co lumn,  a n d  t h e  f r ac t ion  e lu ted  w i t h  t h e  vo id  
v o l u m e  was f i l tered t h r o u g h  a Mil l ipore m e m b r a n e  of 
0.45 ~m. The  f i l tered so lu t ion  was  passed  t h r o u g h  a 
]3to-Gel A-15 M c o l u m n  a n d  t h e  f r ac t ion  e lu ted  w i t h  t h e  
vo id  vo lume  was  passed  f ina l ly  t h r o u g h  a co lumn  of 
]3to-Gel A-150 M, s e p a r a t i n g  t he  f r ac t ion  of h igh  molecu la r  
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Fig. 1. UV-absorption spectra. A) DNA 36 ~g/ml; B) IgG 581.2 vg/ 
ml, C) DNA-IgG complex containing 42 [~g of DNA and 23.7 [~g of 
IgG per ml, D) DNA-Fab complex containing 36.2 [zg of DNA and 
13.1 [/.g of Fab per inl, E) DNA-IgG mixture containing 42 [~g of 
DNA and 23.7 [~g of IgG per ml; F) DNA-Fab mixture containing 
42 [zg of DNA and 23.7 [~g of.Fab per ml. A Cary 15 Spectrophoto- 
meter was used. 

weight .  The  c l a t h r a t e  D N A - F a b  was p r e p a r e d  in t h e  same  
w ay  as t h e  D N A - I g G  complex,  us ing  in th i s  case t h e  F a b  
f r a g m e n t  p r e p a r e d  a f t e r  PORTER 7, i n s t ead  of t h e  IgGa,% 

A n a l y t i c a l  t echn iques .  D N A  was d e t e r m i n e d  us ing  
DISCHE'S M e t h o d  I0 modi f ied  b y  ]~URTONll; t h e  p r o t e i n  
was d e t e r m i n e d  a f t e r  LOWRY x2. T h e  effect  of DNase  on  
t h e  D N A - I g G  a n d  D N A - F a b  c la th ra te s ,  was  s tudied ,  
us ing  t h e  s p e e t r o p h o t o m e t r i c  m e t h o d  of KUmTZ 13 in  a 
Zeiss PMQ-I I .  

Results. Figure  1 p re sen t s  t h e  spec t ra  of t h e  2 D N A  
complexes :  I t  c an  b e  obse rved  t h a t  t h e  spec t r a  of t h e  
complexes  are  d i f fe ren t  to  t h e  i so la ted  c o m p o n e n t s  a n d  
also to  t h e  m i x t u r e  of t h e m .  T h e  spec t ra  of t h e  complexes  
are  s imi la r  to  t h a t  of D N A  a n d  to  those  of some v i ruses  
r epo r t ed  in  t h e  l i t e r a t u r e  14. T h e  spec t r a  of t h e  m i x t u r e  of 
D N A  plus  I g G  an d  of D N A  plus  Fab ,  in  t h e  same  p ropor -  
t ions  t h a t  exis ted  in  t h e  par t ic les ,  e x h i b i t e d  t h e  same  
m a x i m a  (257 nm)  as D N A  alone a n d  p rac t i ca l l y  t h e  s ame  
m i n i m a  (235 a n d  234 n m  respect ively) .  However ,  t h e  
s p e c t r u m  of t h e  D N A - I g G  complex  p r e sen t ed  a m a x i m u m  
a t  258-259 n m  a n d  a m i n i m u m  a t  241 nm).  T h e  sh i f t ing  
of t h e  m a x i m a  a n d  m i n i m a  obse rved  in b o t h  cases 
suggests  a sor t  of i n t e r a c t i o n  b e t w e e n  D N A  an d  pro te in ,  
in  t h e  par t ic les  of t h e  complexes ,  p r o b a b l y  s t ronge r  in  t h e  
D N A - I g G  co mp l ex  t h a n  in t h e  D N A - F a b  15. 

Accord ing  to  t h e  work ing  hypo thes i s ,  t h e  complexes  
would  be  fo rmed  w i t h  t h e  D N A  as core a n d  t h e  p r o t e i n  
loca ted  ex terna l ly ,  cover ing  t h e  DNA.  As a resu l t  of this ,  
t h e  complexes  would  be  r e s i s t a n t  to  DNase.  Th i s  was  
d e m o n s t r a t e d ,  because  we saw t h a t  D N a s e  degrades  t h e  
n a k e d  D N A  a n d  t h e  m i x t u r e  of D N A  plus  IgG, b u t  i t  
does n o t  a t t a c k  t h e  D N A - I g G  a n d  D N A - F a b  complexes .  

T h e  chemica l  ana lys i s  of b o t h  complexes  (DNA-IgG 
an d  D N A - F a b )  is in  good a g r e e m e n t  w i t h  t h e  compos i t i on  
ca lcu la ted  b y  t h e  molecu la r  we igh t  of t h e  D N A  used  to  
fo rm t h e  par t ic les .  F igu re  2 shows a n  e lec t ron  m i c r o g r a p h  
of t h e  par t ic les .  T h e  s y m m e t r y  of t h e  par t ic les  seems to be  
cubic,  t h e  size var iab le ,  and,  a p p a r e n t l y ,  t h e  p r o t e i n  
s u b u n i t s  cover  t h e  core of DNA.  

Discussion. I n  r ecen t  years  i t  has  been  poss ible  to  
ach ieve  t h e  i n t r o d u c t i o n  of genet ic  charac te r i s t i c s  i n to  
m a m m a l i a n  cells b y  m e a n s  of n a t u r a l  v i ruses  is pseudo-  
v i r ions  lv-1~ b a c t e r i o p h a g e  2~ a n d  cell fus ion 21. Th i s  p a p e r  
shows t h a t  i t  is poss ible  to  p r e p a r e  v i rus- l ike  par t ic les  
des igned  to  i n t r o d u c e  genet ic  m a t e r i a l  in to  specific 
t issues.  W e  p l a n  these  par t ic les  w i t h  t h e  idea  of i nduc ing  

Fig. 2. Electron micrograph of virus-like particles, formed between 
DNA (~W 17.5 • l0 s) and IgG. (• 225,000). It  was obtained using 
phosphotungstic acid negative stain and a Philips EM-200 electron- 
microscope by Z. PRICE (UCLA) to whom we owe our thanks for the 
electron-mierographs. 
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genet ic  t r a n s f o r m a t i o n  of somat i c  cells, in o rder  to  m o d i f y  
t h e  p h e n o t y p e  of cells l ack ing  some charac te r i s t i c ,  such  
as h a p p e n s  in genet ic  diseases. W e  bel ieve t h a t  t h i s  
approach ,  in  l ine  w i t h  t h e  goals of genet ic  engineer ing ,  
could  ach ieve  t h e  cor rec t ion  of genet ic  deficiences.  T h e  
v i rus- l ike  par t ic les  p r e p a r e d  h a v e  immuno log i ca l  speci- 
f ic i ty  a n d  m i g h t  be  capab le  of t r a n s f o r m i n g  cells loca ted  
in  deep t issues  of t h e  whole  an imal .  

The  par t ic les  w i t h  F a b  were p l a n n e d  w i t h  r e g a r d  to t h e  
poss ib i l i ty  t h a t  t he  c o m p l e m e n t  f i xa t ion  could, w i t h  t h e  
comple t e  I gG  molecules,  p roduce  cytolysis .  I t  is well  
k n o w n  t h a t  t h e  Fc  f r ac t ion  of I gG  fixes complemen t .  
Therefore ,  the  par t ic les  fo rmed  w i t h  F a b  could recognize  
t h e  an t igen ,  bu t ,  as t h e y  do n o t  f ix comp lemen t ,  t h e y  
would  be  i nnocuous  to  t h e  cell  m e m b r a n e s .  

Zusammen/assung.  E x p e r i m e n t e l l  herges te l l te ,  v i rus-  
5&nliche Par t ike l ,  b e s t e h e n d  aus  e inem K e r n  yon  gene-  
t i s c h e m  Mate r i a l  u n d  e iner  Pro te inhi i l l e ,  we rden  in 
Analogie  zu caner V i ru s in f ek t i on  in Zellen e ingeschleust . -  

Die  K o m p l e x e  zwischen D N A - I g G  u n d  D N A - F a b  
werden  besch r i eben  u n d  die P a r t i k e l  en zy ma t i s ch ,  
chemisch  u n d  e l e k t r o n e n m i k r o s k o p i s c h  cha rak te r i s i e r t .  
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O r d e r l y  A r r a n g e m e n t  of G - C h r o m o s o m e  B a n d s  

I t  has  r ecen t ly  been  d e m o n s t r a t e d  t h a t  d i f fe ren t  t r e a t -  
m e n t s ,  w i t h  p ro t e ly t i c  enzymes ,  p r o t e i n  d e n a t u r a n t s ,  
de t e rgen t s ,  s t rong  sa l t  so lu t ions  or  hea t ,  p roduce  t h e  
a p p e a r a n c e  of c h r o m o s o m e  b a n d s  1 g rouped  u n d e r  t h e  
n a m e  of g -bands  to  d i s t i ngu i sh  t h e m  f rom f luorescen t  or 
q - b a n d s  a n d  f rom c -bands  wh ich  are r e p r e s e n t a t i v e s  of t h e  
c o n s t i t u t i v e  h e t e r o c h r o m a t i n  loca t ion  in t he  chromosomes .  
The  p a t t e r n  of g -bands  d i s t r i b u t i o n  in a g iven  species seems 
to  be  c o n s t a n t  a n d  cha rac t e r i s t i c  for  each  c h r o m o s o m a l  
pair .  Hence,  t h e  ana lys i s  of g -bands  ha s  p r o v e d  to  be  a 
iusefu l tool  for  a cor rec t  c h r o m o s o m e  inden t i f i ca t ion .  

D u r  ng  t h e  ana lys i s  of g - b a n d  d i s t r i b u t i o n  in t he  chro-  
mosomes  of t h e  vole  mice  Ahodon molinae, we obse rved  a 
cha rac t e r i s t i c  m o r p h o l o g y  in t he  i n t e r p h a s e  nucle i  of 
p r e p a r a t i o n s  t r e a t e d  w i t h  t r y p s i n  ~. Accordingly ,  we 
s t a r t e d  a series of e x p e r i m e n t s  a i m e d  a t  o b t a i n i n g  f u r t h e r  
i n f o r m a t i o n  on  t h i s  p h e n o m e n o n .  

Mater{al and methods. Chromosome  sp reads  were  pre-  
p a r e d  f rom bone  m a r r o w  t issues  of dkodon molinae a n d  
Akodon azaree ( R o d e n t i a  Cricet idae) ,  spleen t i ssues  of 
n o r m a l  a n d  leukemic  mice  ( B A L B  st ra in) ,  l ung  a n d  k i d n e y  
cu l tu res  f rom New Zea land  rabb i t s .  3 to  5 i nd iv idua l s  f rom 
each  species were  s tudied .  C h r o m o s o m e  p r e p a r a t i o n s  were 
d iv ided  in g roups  a n d  d iges ted  a t  r oom t e m p e r a t u r e  for 
1/~,1,2,3,4 a n d  5 man w i t h  t r y p s i n  (0.25%) in H a n k s  sa l ine  
(w i thou t  Ca a n d  Mg) a t  p H  7.2. Slides were a f t e rwards  
w a s h e d  in 70% a n d  100% e t h a n o l  a n d  s t a ined  for 3-5  
man w i t h  G iemsa  d i lu t ed  1 to  5 in  S6rensen  buf fe r  a t  p H  
6.9. 

Results. The  resu l t s  o b t a i n e d  were s imi la r  in  all  indi-  
v idua l s  anaIysed.  C h r o m o s o m e  b a n d i n g  was  c lear ly  no- 
t i ced  in sl ides t r e a t e d  w i t h  t r y p s i n  for 2 to  3 man. I n  1/2 to  
1 man t r e a t m e n t s ,  c h r o m o s o m e  d iges t ions  was s l ight  or 
a b s e n t  and  b a n d s  d id  n o t  show. On t h e  o the r  h a n d ,  4 to  5 
man diges t ions  were excessive a n d  ch romosomes  a p p e a r e d  
swollen a n d  empty .  I n  sl ides showing  c h r o m o s o m e  b a n d -  
ing, m o s t  i n t e r p h a s e  nucle i  showed  a r ad i a l  a r r a y  of d a r k  
b a n d s  s t a r t i ng  a t  t h e  nuc lea r  m e m b r a n e  a n d  conve rg ing  
to  fo rm a s ingle or  doub le  r ing  para l le l  to  t he  nuc lea r  
enve lope  and  pe r i phe ra l l y  located.  A series of f ine fila- 
m e n t s  emerged  f rom the  i nne r  p a r t  of t he  r ing  fo rmin g  a 
n e t w o r k  w h i c h  in m a n y  cases showed  a genera l  t e n d e n c y  
to  become  r ad i a l l y  o r i en t ed  t o w a r d  t he  cen te r  of t h e  
nucleus.  I n  pe r inuc leo la r  areas,  t h e  n e t w o r k  usua l ly  con- 
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densed,  f o rmi n g  d a r k  masses  of c h r o m a t i n  (Figure  1). This  
cha rac t e r i s t i c  nuc lea r  m o r p h o l o g y  was n o t  obse rved  in  
p r e p a r a t i o n s  which,  as a r e su l t  of u n d e r  or  overd iges t ion ,  
d id  n o t  show c h r o m o s o m e  b a n d i n g .  Thus ,  a co r re l a t ion  
b e t w e e n  c h r o m o s o m a l  g - b a n d s  a n d  i n t e r p h a s e  b a n d s  m a y  
be  r e a s o n a b l y  assumed.  

Discussion. I t  has  been  shown  t h a t  nuc l ea r  m e m b r a n e  
p re fe ren t i a l ly  associates  w i t h  va r ious  c h r o m a t i n  t ypes  or 
c h r o m o s o m e  regions.  A m o n g  these  associat ions,  p e r h a p s  
t h e  m o s t  wide ly  k n o w n  is t h e  case of t h e  sex c h r o m a t i n  in  
female  m a m m a l s  ~. However ,  t h e r e  are  severa l  o the r s  
w h i c h  h a v e  also been  well  d o c u m e n t e d .  T h e  a t t a c h m e n t  
of t e lomer ic  c h r o m o s o m e  regions  to  t h e  nuc lea r  m e m b r a n e  
has  been  d e m o n s t r a t e d  in severa l  i n s t ances  4,5. I t  has  
also been  r epo r t ed  t h a t  c en t romer i c  c h r o m o s o m e  regions  
r i ch  in c o n s t i t u t i v e  h e t e r o c h r o m a t i n  lie a d j a c e n t  to  t h e  
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