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400 STRUCTURAL STATES OF CHROMATIN, Donald E .  O l ins ,  Univers i ty  of Tennessee Graduate 
School of Biomedical Sc iences  and t h e  Biology Divis ion ,  Oak Ridge Nat iona l  Labora- 
t o r y ,  Oak Ridge, TN 37830. 

Evidence accumulating i n  numerous l a b o r a t o r i e s  suppor ts  t h e  concept ion  t h a t  t h e  func- 
t i o n a l  a c t i v i t i e s  of chromatin might involve  conformat iona l  changes i n  t h e  fundamental subun i t ,  
t he  v (Nu) Body, and a l t e r a t i o n s  i n  t h e  higher-order packaging of v Bodies. One of t h e  goa l s  
of t h i s  l abora to ry  is t o  d e f i n e  t h e  conformat iona l  states of v Bodies i n  response  t o  so lvent  
and macromolecular pe r tu rban t s .  Monomer Nu Bodies (v 1) i s o l a t e d  by zonal  u l t r a c e n t r i f u g a -  
t i o n ,  and ex tens ive ly  cha rac t e r i zed  by hydrodynamic and spec t roscopic  techniques ,  have been 
examined i n  s o l u t i o n s  of vary ing  u rea  concen t r a t ion  (0-10 M u rea ,  0 . 2  mM EDTA, pH 7 ) .  
Although u rea  does not  d i s s o c i a t e  h i s tones  from DNA, profound coopera t ive  e f f e c t s  a r e  observed 
on t h e  a -he l i ca l - r i ch  h i s t o n e  "core" of t he  v Body. 
o v e r a l l  s i z e  and/or  shape a r e  a l s o  dramat ic ,  a l though not markedly coopera t ive .  
s t r u c t u r a l  a l t e r a t i o n s  of t h e  v Body "core" t o  i t s  DNA-rich " she l l "  could form a b a s i s  f o r  
r egu la t ion  of v Body conformation. 

ges ted  t h a t  a close-packing of v Bodies i n t o  h e l i c a l  arrangements could gene ra t e  such th reads .  
U l t r a s t r u c t u r a l  s t u d i e s  of ruptured  n u c l e i  r e v e a l  v Bodies close-packed i n  t h e  t h i c k e r  chroma- 
t i n  f i b e r s .  It i s  reasonable  t o  p o s t u l a t e  t h a t  t h e  na tu re  and s t a b i l i t y  of t h i s  higher-order 
packaging of v Bodies i s ,  i n  p a r t ,  a consequence of t h e  very  ly s ine - r i ch  h i s tones  (H1 O K  H 5 )  
and must be modulated p r i o r  t o  (OK simultaneous wi th)  t r a n s c r i p t i o n .  

Urea e f f e c t s  on t h e  DNA of v Bodies, and 
Coupling of 

I n a c t i v e  chromatin e x h i b i t s  c h a r a c t e r i s t i c  f i b e r s  250-300 A i n  d iameter .  W e  have sug- 

401 HISTONE INTERACTIONS, Irvin Isenberg, Department of Biochemistry 
and Biophysics, Oregon State University, Corvallis, OR 97331 

Histones H3 and H4 have been strongly conserved during evolution, but 
H2a and H2b have not. Pea H2a consists of two species, one of which is 
8% larger and the other 19% larger than calf thymus H2a. Pea H2b is 2 0 %  
larger than calf thymus H2b. Pea H2a and H2b have amino acid compositions 
markedly different from their calf thymus counterparts. Despite these dif- 
ferences, the binding pattern of the pea histones is the same as that of 
the calf histones. 

Histone H1 has subfractions which are structurally distinct. These 
subfractions bind selectively to the non-histone chromosomal proteins HMG-1 
and HMG-2. 
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402 DNA SEQUENCE ORGANIZATION IN EUKARYOTE GENOMES, E. H. Davidson. B. R. Hough- 
Evans, hL H. Klein, W. R. Crain, S. G. Ernst, G. A. Galau, A. S. Lee, T. L. Thomas, R. C. 
Angerer, F. Costantini, M. M. Davis, B. J. Wold, M. E. Chamberlin, and R. J. Britten, Division of 
Biology, California Institute of Technology, Pasadena, CA 91125 

Eukaryote DNA sequence organization has several unique features. In most organisms single copy 
sequences a r e  interspersed with short repetitive sequences only a few hundred nucleotides long. In a few 
unusually small protostome genomes including that of Drosophila the repetitive sequences a r e  thousands of 
nucleotides in length. Recent studies have focused on sequence organization in the vicinity of transcribed 
regions of the  genome. In the sea urchin genome short  interspersed repetitive sequences a re  adjacent t o  
structural  genes transcribed during embryogenesis. At each stage a special list of structural  gene se- 
quences is transcribed. New studies demonstrate that  a s ecial subset of repetitive sequences is adjacent 
to the genes transcribed at  one particular stage of devekn-na lyses  of cloned fragments of sea 
urchin DNA have confirmed that  interspersed repetitive sequences transcribed in hnRNA and a re  set in a 
"scrambled" array, with nearest neighbor sequences in general non-homologous. 

403 HISTONE ANTIBODIES AND CHROMATIN STRUCTURE, Michael Bus t in ,  N.I.H.,  Bldg. 6 ,  Rm. B1- 
32 ,  Bethesda, MD 20014 

Antibodies e l i c i t e d  by p u r i f i e d  h i s t o n e  f r a c t i o n s  s p e c i f i c a l l y  recognize  each of  t h e  

Because t h e s e  an t ibod ie s  hind s p e c i f i c a l l y  t o  t h e  nuc leus  of  a c e l l ,  t o  
f i v e  main h i s tone  c l a s s e s  and can d i s t i n g u i s h  between va r ious  H1 subf rac t ions  p re sen t  i n  a 
s i n g l e  t i s s u e .  
i s o l a t e d  n u c l e i ,  p u r i f i e d  chromatin,  i s o l a t e d  metaphase and poly tene  chromosomes, and t o  
p u r i f i e d  nucleosomes they  can se rve  a s  probes  f o r  h i s t o n e  molecules i n  t h e i r  "native" 
chromatin-bound, s t a t e .  

Sonica t ion  
of chromatin inc reases  t h e  number of exposed a n t i g e n i c  de te rminants .  
i nan t s  i n  chromatin-bound h i s tones  a r e  s p a t i a l l y  separa ted  so t h a t  t h e  b inding  of  one type  
of antibody does not  cause  s t e r i c  h indrance  t o  t h e  b inding  of a second type of  an t ibody.  
A l l  t h e  var ious  H 1  sub f rac t ions  p re sen t  i n  a t i s s u e  are arranged i n  chromatin i n  a similar 
manner s o  t h a t  t h e  de te rminants  which a r e  shared among t h e  H 1  sub f rac t ions  are exposed and 
a v a i l a b l e  t o  i n t e r a c t  wi th  an t ibod ie s .  

along t h e  e n t i r e  length  of each chromosome p resen t  i n  a t i s s u e .  
are s t a ined  with a n t i h i s t o n e  s e r a  t h e  r e s o l u t i o n  of ind iv idua l  bands observed by f l u o r e s -  
cence microscopy i s  of t h e  same o rde r  as t h a t  ob ta ined  by o rce in  s t a i n i n g  o r  by phase 
c o n t r a s t  microscopy. 
propor t iona l  t o  t h e  amoun t  of DNA p re sen t  i n  a band. 
h i s tone .  Puf f ing  of s p e c i f i c  bands r e s u l t  in changes which can be de t ec t ed  us ing  a n t i -  
h i s tone  se ra .  

The d e t a i l e d  o rgan iza t ion  and composition of h i s tones  i n  chromatin subun i t s  can be 
d i r e c t l y  v i sua l i zed  by immunolectron microscopy. Upon s p e c i f i c  b inding  of an t ibod ie s  t o  
chromatin subun i t s  a s i g n i f i c a n t  i nc rease  i n  t h e  d iameter  of t h e  nucleosome i s  observed. 
Each nucleosome con ta ins ,  h i s t o n e  H 2 B .  Nucleosomes which i n t e r a c t  wi th  an t ih i s tone .  a n t i -  
bodies can be v i sua l i zed  i n  Drosophyla embryos prepared  i n  a manner which a l lows  de tec t ion  
of t r ansc r ibed  r eg ions .  

Ant ih is tone  an t ibod ie s  p u r i f i e d  by a f f i n i t y  chromatography i n t e r a c t  with i s o l a t e d  
nucleosomes t o  y i e l d  a p a r t i c l e  of  an increased  mass which i s  sepa rab le  from unreac ted  11 S 
nucleosomes by cen t r i fuga t ion  on suc rose  g r a d i e n t s .  
s i v e l y  shown t h a t  each nucleosome con ta ins  equal ammounts of each of  t h e  h i s tones  HzA, HzB,  
Hj and Hq. 

Only pa r t  of t h e  h i s tone  a n t i g e n i c  de te rminants  a r e  exposed i n  chromatin.  
The exposed determ- 

Ind i r ec t  immuno f luo rescence  r evea l s  t h a t  each of  t h e  h i s t o n e  f r a c t i o n s  i s  loca ted  
When poly tene  chromosom-s 

The amount of exposed a n t i g e n i c  s i tes  i n  chromosome bound h i s tones  i s  
Each band con ta ins  each type  of  

Using t h i s  techncque it was conclu- 
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404 OLD AND NEW SYNDROMES, John L .  Hamerton, D i v i s i o n  o f  G e n e t i c s ,  Depar tmen t  P e d i a t r i c s ,  
U n i v e r s i t y  o f  Man i toba ,  Winnipeg, Man i toba ,  Canada. 

The development o f  a v a r i e t y  o f  chromosome band ing  t e c h n i q u e s  has r e s u l t e d  i n  a g r e a t  
improvement i n  t h e  r e s o l u t i o n  w i t h  wh ich  human chromosomes o r  chromosome segments can be 
i d e n t i f i e d .  A p p l i c a t i o n  o f  t h e s e  t e c h n i q u e s  t o  c l i n i c a l  c y t o g e n e t i c s  has r e s u l t e d  i n  an 
improvement i n  geno type lpheno type  c o r r e l a t i o n  f o r  a number o f  syndromes i n  wh ich  t h e  chromo- 
some a b n o r m a l i t y  had o r i g i n a l l y  been i d e n t i f i e d  b y  c o n v e n t i o n a l  methods. Thus, i t  i s  now 
c l e a r  from s t u d i e s  o f  p a t i e n t s  w i t h  Down Syndrome i n  wh ich  t h e  chromosome a b n o r m a l i t y  i n v o l -  
ved a rea r rangement  o f  chromosome No. 21, t h a t  t r i s o m y  o f  band 21q22 o n l y  i s  r e q u i r e d  f o r  
t h e  f u l l  e x p r e s s i o n  o f  t h e  Down Syndrome pheno type .  I n  a d d i t i o n ,  band ing  t e c h n i q u e s  have 
r e v e a l e d  an a r r a y  o f  new c y t o g e n e t i c  syndromes i n v o l v i n g  t h e  dup l  i c a t i o n l d e f i c i e n c y  o f  
s p e c i f i c  chromosome segments w h i c h  r e s u l t  f r o m  t h e  s e g r e g a t i o n  o f  a b a l a n c e d  chromosome r e -  
arrangement i n  one o r  o t h e r  p a r e n t .  Phenotypes r e s u l t i n g  f r o m  t e r t i a r y  t r i s o m y  o r  monosomy 
i n  a f f e c t e d  o f f s p r i n g  a r e  v a r i a b l e ,  and  t h e  chromosome imba lance  may i n v o l v e  t e r t i a r y  t r i s o m y  
o r  mono;omy f o r  any one o f  t h e  human chromosomes. S i n c e  1973, new chromosome a b n o r m a l i t i e s  
i n v o l v i n g  d u p l i c a t i o n  o f  d e f i c i e n c y  o f  segments of  each o f  t h e  human chromosomes have been 
d e s c r i b e d  and t h i s  d a t a  w i l l  b e  b r i e f l y  r e v i e w e d .  

405 NONRANDOM CHANGES I N  MALIGNANT CELLS, J a n e t  0.  Rowley, The U n i v e r s i t y  o f  Ch icago ,  
Chicago, I L  60637 

Recent ev idence ,  o b t a i n e d  w i t h  band ing  t e c h n i q u e s ,  has demons t ra ted  t h a t  nonrandom k a r y -  
o t y p i c  p a t t e r n s  a r e  p r e s e n t  i n  many (pe rhaps  a l l )  human neoplasms examined t o  d a t e .  F o r  
example,  i n  CML. 85:, o f  p a t i e n t s  have t h e  P h i l a d e l p h i a  ( P h l  o r  22q - )  chromosome wh ich ,  i n  
93- o f  t h e s e  p a t i e n t s ,  i s  t h e  r e s u l t  o f  a 9 ; 2 2  t r a n s l o c a t i o n .  I n  b l a s t  c r i s i s ,  t h e  most 
common p a t t e r n s  a r e  t h e  a d d i t i o n  o f  a second P h l ,  and e x t r a  No. 8, a rea r rangement  o f  No. 17, 
o r  an a d d i t i o n a l  No. 19. I n  AML, 50'; o f  p a t i e n t s  have a b n o r m a l i t i e s ,  wh ich  most o f t e n  i n -  
v o l v e  an e x t r a  No. 8, a m i s s i n g  No. 7 ,  o r  a t r a n s l o c a t i o n  between Nos. 8 and  21, w i t h  o r  w i t h -  
o u t  t h e  l o s s  o f  a sex chromosonie. I n  o t h e r  n i y e l o p r o l i f e r a t i v e  d i s o r d e r s ,  such as p o l y c y t h e m i a  
Vera and i n y e l o f i b r o s i s ,  nonrandom changes a l s o  o c c u r ,  p a r t i c u l a r l y  p l u s  8, o r  minus 7, b u t  
a l s o  t r i s o m y  f o r  p a r t  o r  a l l  o f  No. 1, p l u s  9,  o r  d e l e t i o n s  o f  No. 20. Lymphoid d i s o r d e r s  
show a b n o r m a l i t i e s  o f  t h e  l o n g  arm o f  No. 14, i n c l u d i n g  a t r a n s l o c a t i o n  between Nos.  8 and 14 
r e c e n t l y  i d e n t i f i e d  i n  B u r k i t t ' s  lymphoma. I n  rneningiomas, one No. 22 i s  l a c k i n g .  S ince  
t h e  g e n e t i c  c o n t e n t  o f  t hese  chromosomes i s  l a r g e l y  unknown, t h e  r e l a t i o n s h i p  o f  any p a r t i -  
c u l a r  chromosomal change t o  a l t e r e d  c e l l  f u n c t i o n  and m a l i g n a n t  t r a n s f o r m a t i o n  i s  u n c l e a r .  
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406 OCCURRENCE AND SIGNIFICANCE O F  CHROMOSOME VARIANTS, Herber t  A.  Lubs, Departments 
of P e d i a t r i c s  and Biophysics and Genet ics ,  Un ive r s i ty  of Colorado Medical Center ,  
4200 E .  9 t h  Avenue, Denver, Colorado 80262 

The mafor i ty  of people have 5-10 v a r i a t i o n s  i n  s i z e  O r  s t a i n i n g  q u a l i t i e s  of c e r t a i n  
chromosomes wi th  combined convent iona l  s t a i n i n g ,  Q ,  C and R banding. This  high frequency 
c o n t r a s t s  wi th  t h e  0.5-1% of people having d e f i n i t e  chromosome abnorma l i t i e s .  These "normal" 
v a r i a n t s  o r  polymorphisms most f r equen t ly  involve  chromosomes 1, 9 ,  16 ,  Y and the  a c r o c e n t r i c  
chromosomes and a r e  of i n t e r e s t  bo th  i n  t e r m s  of t h e i r  b i o l o g i c a l  s i g n i f i c a n c e  and t h e i r  
p o t e n t i a l  u se fu lness  i n  c l i n i c a l  cy togene t i c s .  These reg ions  a r e  now known t o  con ta in  
vary ing  amounts of t he  seve ra l  c l a s s e s  of redundant D N A .  A number of s t u d i e s  of consecut ive  
newborn i n f a n t s  and o lde r  randomly se l ec t ed  ch i ld ren ,  as we l l  a s  s e v e r a l  s e r i e s  of ch i ld ren  
r e f e r r e d  f o r  eva lua t ion  of mental  r e t a r d a t i o n  and anomal ies ,  have shown s t a t i s t i c a l l y  s ign i -  
f i c a n t  pos i t i ve  c o r r e l a t i o n s  between c e r t a i n  v a r i a n t s  ( e s p e c i a l l y  l a r g e  s a t e l l i t e s  o r  the  
secondary c o n s t r i c t i o n  reg ion  of chromosome 9) and mental  r e t a r d a t i o n  o r  congen i t a l  anomalies.  
In one popula t ion  s tudy ,  a s i g n i f i c a n t  c o r r e l a t i o n  between a long 9qh reg ion  and low I . Q .  was 
found i n  Black seven yea r  o ld  ch i ld ren ,  b u t  no t  i n  Whites.  However, i n  no case  have the  
major i ty  o r  even a q u a r t e r  of ch i ld ren  with a p a r t i c u l a r  v a r i a n t  been found t o  be c l i n i c a l l y  
abnormal. Thus, i n  i n t e r p r e t i n g  d i agnos t i c  s t u d i e s  and a n t e n a t a l  s t u d i e s  these  v a r i a t i o n s  
should s t i l l  be i n t e r p r e t e d  a s  "normal" v a r i a n t s .  

redundant DNA o r  RNA t o  these  r eg ions  o r  combinations of  s e v e r a l  banding t echn ics  might reveal 
subc la s ses  of a p a r t i c u l a r  v a r i a n t  i n  which the  ma jo r i ty  of ch i ld ren  have an  a s soc ia t ed  
c l i n i c a l  abnormal i ty .  These c l i n i c a l  c o r r e l a t i o n s  might a l s o  be expla ined  if the  v a r i a t i o n s  
a c t  a s  one gene t i c  f a c t o r  i n  abnorma l i t i e s  t h a t  a r e  m u l t i f a c t o r i a l  i n  o r i g i n .  Be t t e r  family 
s t u d i e s  would he lg  t o  d i s t i n g u i s h  between these  p o s s i b i l i t i e s .  

Other s t u d i e s  have shown t h a t  t h e r e  a r e  s i g n i f i c a n t  r a c i a l  and e t h n i c  d i f f e r e n c e s  i n  the  
f requencies  of most v a r i a n t s  and t h a t  t h e r e  may be an increased  frequency of c e r t a i n  v a r i a n t s  
i n  abor tuses .  The l a t t e r  s t u d i e s  a r e  n o t  w e l l  con t ro l l ed ,  however. There i s  a l s o  some ev i -  
dence f o r  non-random seg rega t ion  of 9qh v a r i a n t s  although most v a r i a n t s  s eg rega te  i n  a 
Mendelian f a sh ion  and can be used as markers i n  l i nkage  s t u d i e s .  Use of t h e s e  v a r i a n t s  t o  
d i s t i n g u i s h  materna l  c e l l s  from female f e t a l  c e l l s  i s  a p a r t i c u l a r l y  important c l i n i c a l a p p l i -  
ca t ion .  P a t e r n i t y  de te rmina t ion  i s  ano the r .  F i n a l l y ,  s e v e r a l  s t u d i e s  sugges t  t h a t  t he  f r e -  
quency of  c e r t a i n  v a r i a n t s  is increased  i n  chromosomally abnormal ch i ld ren .  In summary, t hese  
s t u d i e s ,  t o  d a t e ,  have revea led  much t h a t  i s  l l se fu l  t o  c l i n i c a l  medic inebut  t he  majorques t ion  
of t he  poss ib l e  c l i n i c a l  s i g n i f i c a n c e  remains a s u b j e c t  f o r  f u r t h e r  s tudy  by b e t t e r  t echn ic s .  

Fur ther  r e sea rch  us ing  more s o p h i s t i c a t e d  t echn ic s ,  such as annea l ing  va r ious  c l a s s e s  of 

407 CtIROIIIOSOME BANDING AND CHROWOSOMAL PROTEINS, David E .  Comings,  Departmcnt of 
Medical Genct ics ,  C i ty  of Hope National Medical Center ,  Duar te ,  C A  91010 

Chromomeres observed i n  pachytene c e l l s  r ep resen t  a b a s i c  subdiv is ion  of t h e  chromo- 
somes i n  h igher  organisms. 'There i s  an  exce l l en t  c o r r e l a t i o n  between pachytene chromo- 
mercs and the  C-  and G-hands o f  m i t o t i c  chromosomes ( 1 ) .  G-band techniques  h r ing  out  
t hc  l a t cn t  chromomere p a t t e r n  which is  obscurcd by the  h igh  degree of condensation of 
mctaphase chrornosomcs. The major f a c t o r s  appear t o  be (a )  some rearrangement o f  t h e  
chromatin f i b e r s  ( 2 ) ,  and (b)  t he  i n h i b i t i o n  by non-h is tone  p r o t e i n s  (NHP) of t h e  
binding of Giemsa dyes t o  t h e  DNA of R-band reg ions  ( 3 ) .  S tud ie s  of i s o l a t e d  he te ro-  
chromatin of ~f i t i obapk iea  v U 5  and mouse sugges t  C-band, s a t e l l i t e  r i c h ,  heterochromatin 
is  prcdominately a histone-DNA complex with l i t t l e  NHP ( 4 ) .  The AT-richness of Q-bands 
and t h e  GC-richness o f  R-hands a r e  t h e  major f a c t o r s  i n  Q- and R-banding (5,6). EM 
s tudscs  show t h a t  chromatin i s  a t t ached  t o  t h e  nuc lea r  mat r ix  a t  mu l t ip l e  s i t c s  
throughout t he  nuc leus ,  no t  j u s t  a t  t he  nuc lear  membrane ( 7 , 8 ) .  DNA b inding  s t u d i e s  
ind ica t e  t he  nuc lear  mat r ix  has preference  f o r  t h e  T-s t rand  of  AT-rich DNA.  
p l a y  a r o l e  in  organiz ing  the  chromosome i n t o  chromomeres. 

'This may 
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Comings, D . E .  and Okada, T . A .  (1977) Exp. Ce l l  Res. I n  p re s s .  
Bercsney, R .  and Coffcy, D . E .  (197b) .\dv. Enzymol. Reg. 14, 63-100. 
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408 LOCALISATION OF HUMAN SATELLITE DNAs IN MAN AND THE HOFIINOID APES, John R .  Gosden, 
Arthur A. Mitchell, Hector N .  Seuanez, F1.R.C. Clinical and Population Cytogenetics 
Unit, &stern General Hospital. Edinburgh, Scotland. 

The location of four human satellite DNAs in human chromosomes has been determined by 

DNA sequences which hybridise with RNAs complementary t o  human satellite DNAs (sate- 

in situ hybridisation (1). 
titative distribution of these DNA sequences to be calculated. 

llite cRNAs) are present in the hominoid aoes, and the location of these seouences in the 

The method used for analysing the results has oermitted a quan- 

chimpanzee (Pan troglodytes) qorilla (Gorilla gorilla) and oranqutan (Pongo 'pygmaeus) has 
been investiqated by the same method. 

The diitribution of these human DPlC sequences in the hominoid apes confirms that their 

The relationship between the 
sequences are quite distinct, and that their common hybridisation at many sites in man does 
not arise from sequence contamination or from cross reaction. 
distribution of these sequences and chromosome homology determined by banding patterns ( 2 )  
suggests that such homology does not necessarily include repeated DNA sequences. In several 
cases homologous chromosome sites do contain the same satellite DNA, but other sites show 
differences which cannot always be explained by chromosome rearrangement. 
of human satellite DNAs in relation to the phylogeny of the Hominoidea allows us to speculate 
about the mode o f  evolution o f  these satellites. 

The distribution 

1) 

2 )  

Gosden, J.R., Elitchell, A.R., Buckland, R.A., Clayton, R.P. and Evans, H.J. (1975) Exp. 
Cell Res. 92, 148-158. 
Paris ConfGence (1971) Supplement (1975): 
Defects: 

Standardization in Human Cytogenetics, Birth 
The National Foundation, New York. Original Article Series, g ,  9, 1975. 

IMMUNOLOGICAL APPBOACIiES TO CERONOSONX E N D I I J C ,  Orlando J. Miller  
a d  Bernard r". Erlangnr, Columbia University, New York, IiY 10032 

409 

Aetaphgse chromosome bandine can be produced using immunofluornscence o r  
inmunoperoxidase methods with antibodies to some chromosomal components. Antl- 
bodies directed against nucleosidcs or oligonucleotides have been most lnform- 
ative. These antibodies are hiehly specific and react with siwle-stranded but 
not native JiU. Their reaction with chromosomal ilUA is Betermined by both the 
denaturing method and the antibody specificity. Some combinations of denatura- 
tion plus antibody produce fairly standard ( J - , G -  o r  R - )  bandinp patterns; 
o t h e r s  give more restricted bindinc. providinff specific taus for a small num- 
ber of chromosome bands, Antibodies  to 5-bromodeoxyuridine can be used to 
demonstrate incorporation of this ayent into chromosomes and may be useful In 
high resolution studies of ilNA reolication and sister chromatid exchange. 
While immunofluorcscence is usefu.1 in all these studies. immunoparoxidase is a 
more sensitive technique and can also be used with the electron microscope. 

ihotooxidntion of guanine residues in methano1:acetic acid ( 3 : l )  fixed, 
airdried metaphasa chromosomes &merates simle-stranded regions in OiiH that 
is rich in GC base pairs. Since antibody binding after photooxidation produces 
a reverse (R-) banding pattern, this L)KA must be concentated in the bands that 
do not fluoresce brightly after quinicrine staining. Ultraviolet irradiation 
(UV) produces pyrimidine and especially thymine dimers in DEB. After Jv, antl- 
adcnosine but not ant,-cytidine produces generally a &banding pattern. con- 
firming the presence of AT rich DNA in these bands. In addition, intense blnd- 
ing occurs on chromosomes 1,9,16 and the Y at sites known to contain satellite 
SITAS. After UV, anti-cytidine binds intensely to a single band, on chromosome 
9. In some individuals it also binds to the centromeric heterochromatln of 
chromosomes 15 and 22. After either UV or photooxidation. anti-5-methyl- 
cytidine binds to these sites on chromosomes 1.9,l.S and 16 and the distal 
part of the Y. A specific tag for one of the acrocentric chromosomes has made 
it possible to demonstrate the frequent origin of abnormal acrocentrics from 
chromosome 15 and their probable mechanism of origin. 
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THE SYNAPTONEMAL COMPLEX AND HEIOSIS, Montrose J. Moses, Department of Anatomy, 
Duke Univers i ty  Medical Center,  Durham, North Caro l ina  27710. 

The synaptoiiemal complex (SC) forms the  pro te inaceous  a x i s  of pachytene b i v a l e n t s  

410 

and appears t o  be p r e r e q u i s i t e  f o r  crossing-over.  Unpaired homologues have s i n g l e  axes t h a t  
become the  l a t e r a l  elements of t he  SC a t  synaps is  when jo ined  t o  a c e n t r a l  element by t r ans -  
ve r se  f i laments .  Attachment plaques anchor SC ends t o  the  nuc lea r  envelope. S tud ie s  of SC ' s  
i n  s e r i a l  s ec t ions  (1) and whole mount spreads  (2) i n d i c a t e  t h a t  t he  chromosome a x i s  r e f l e c t s  
chromosome behavior .  A s imple  spreading  method (3) y i e l d s  whole complements of s e l e c t i v e l y  
s t a i n e d  SC's in which k ine tochores  are represented  by d i f f e r e n t i a t i o n s  of t he  lateral  ele- 
ments. Biva len ts  are i d e n t i f i a b l e  by l eng th  and k ine tochore  p o s i t i o n ,  and thus  pachytene 
karyotypes have been obta ined  (2 ,4 ) .  Meio t ic  prophase has  been s tud ied  q u a n t i t a t i v e l y  i n  
mammalian spermatocytes (4).  Autosomal S C ' s  change i n  l eng th  dur ing  pachytene, b u t  t h e i r  
r e l a t i v e  l eng ths  and arm r a t i o s  remain cons t an t ,  exc luding  major b i o l o g i c a l  v a r i a t i o n  and 
p repa ra t ive  d i s t o r t i o n s ,  and implying t h a t  autosomal l eng th  i s  under uniform con t ro l .  
r e l a t i o n s h i p  between r e l a t i v e  l eng ths  of S C ' s  and m i t o t i c  autosomes i n d i c a t e s  t h a t  t he  c o n t r o l  
ope ra t e s  i n  me io t i c  and somatic c e l l s  a l i k e .  Axial elements develop from t e rmina l  a t tachments  
on t h e  nuc lea r  envelope at o r  j u s t  p r i o r  t o  synaps is .  Synapsis i s  asynchronous; i t  usua l ly  
begins  a t  t h e  nuc lea r  envelope and proceeds toward t h e  k ine tochore ;  t he  longes t  chromosomes 
tend t o  be t h e  las t  t o  complete pa i r ing .  The a x i a l  element d i sassembles  i n  d i f f e r e n t  spec ie s  
be fo re ,  dur ing ,  or fo l lowing  desynapsis.  Although a x i a l  elements ev iden t ly  do no t  p a r t i c i p a t e  
d i r e c t l y  i n  chiasma formation, t r a n s i e n t  recombination nodules (5)  are observed i n  occas iona l  
sets of  SC's. 
over  an SC reg ion  t h a t  i s  longes t  a t  e a r l y  pachytene; precoc ious  desynaps is  o f t e n  occurs  
dur ing  pachytene, though t h e  SC of t h e  pa i r ed  reg ion  may p e r s i s t  u n t i l  d ip lo t ene  i n  some 
spec ie s .  Unpaired X and Y axes  undergo e l abora t ions  t o  become t h e  framework of t he  "sex 
ves ic le" .  S tud ie s  of acrocent r ic -metacent r ic  t r i v a l e n t  formation i n  lemur hybr ids ,  and t rans-  
l o c a t i o n s  i n  tlie mouse (6) show t h a t  SC a n a l y s i s  i n  spreads  i s  uniquely  app l i cab le  t o  cyto- 
gene t i c  ana lys i s .  (Research supported by g r a n t s  from t h e  NSF (GB-40562), and N I H  (GM-23047; 
a l s o  5-Sol-RR-05404 and CA-14236 t o  Duke Un ive r s i ty ) .  

A 1:l 

X and Y chromosomes ope ra t e  on an independent schedule.  They may be pa i r ed  

411 FACTORS AFFECTING STRUCTURE OF CHRONATIN, Roger Chalkley and Ross Hardison, Depart- 
ment of Biochemistry,  Univers i ty  of I o w a ,  Iowa C i ty ,  Iowa 52242 

Chromatin s t r u c t u r e  can be manipulated in a v a r i e t y  of ways i n  o rde r  t o  probe the  
nati ire of  the  under ly ing  s t r u c t u r e  i t s e l f .  The compact conformation of i n t e rphase  
chromatin can be extended by removing d i v a l e n t  ca t ions  and lowering the  i o n i c  s t r e n g t h .  
When t h i s  i s  done under g e n t l e  condi t ions  the  r egu la r  subun i t  s t r u c t u r e  of chromatin i s  
d i s rup ted ,  we w i l l  argue t h a t  t he  d i s r u p t i o n  of  chromatin s t r u c t u r e  by shea r ing  i s  simply 
due t o  ex tens ion  of chromatin r a t h e r  than t o  the phys ica l  v io lence  i n  i t s e l f .  Thus pro- 
vided the ion ic  s t r e n g t h  is  maintained i n  the range 0.01-0.1 and i n  the presence  of  0.001 M 
HgC12 na t ive  chromatin s t r u c t u r e  i s  r e s i s t a n t  t o  most v i o l e n t  shea r  fo rces .  We w i l l  d i s -  
cuss  the e f f e c t  of u rea  upon chromatin s t r u c t u r e ,  the  e f f e c t  of f i x i n g  h i s t o n e  t o  DNA and 
the o rgan iza t ion  o f  H 1  w i th in  the nucleusome o rgan iza t ion .  F i n a l l y ,  a l l  t hese  l i n e s  of 
argument w i l l  be contained in a gene ra l i zed  inodel f o r  chromatin s t r u c t u r e .  
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412 ORGANIZATLON AND FUNCTION OF THE RIBOSOMAL GENES IN PHYSARUM POI.YCEPH- 
A m .  Vincent G.Allfrey*, Edward M.Johnson* ,  I rene  Y.  -C. Sun*, Virginia C .Li t tau*  
Harry R.Mat thews** and  E .  Morton Bradbury**, *Rockefe l le r  University. New York 
N Y  1002 1 and  **Portsmouth Poly technic  Ins t i t u t e ,  Portsmouth PO1 2DZ. H a n t s ,  U.K. 

The re i te ra ted  r ibosomal  c i s t r o n s  of Physarum polycephalum c a n  b e  i so l a t ed  a s  pro te in-  
a s s o c i a t e d  componen t s  of highly-purified i so l a t ed  nuc leo l i  ( 1 ) and in t h e  f r ee  s t a t e  as a 
d e n s e  DNA s a t e l l i t e  s e p a r a b l e  from t h e  main-band DNA by  i sopycn ic  d e n s i t y  g rad ien t  cen t r i -  
fuga t ion .  The  s t ruc tu re  of t h e  f r e e  r ibosomal  DNA, ds r evea led  by  r e s t r i c t ion  e n d o n u c l e a s e  
d i g e s t i o n ,  is pa l indrome- l ike  - i n  wh ich  two r ibosomal  g e n e s  of oppos i t e  po lar i ty  a r e  s e p a r -  
a t ed  by  a long non- t ranscr ibed  s p a c e r  s e a u e n c e  ( 2 ,  3 ) . The t r ansc r ip t ion  un i t s  a t  e i t he r  end 
of t h i s  s p a c e r  have  now b e e n  v i sua l i zed  d i r ec t ly  b y  e l ec t ron  microscopy.  

The o rgan iza t ion  of t h e  r ibosomal  g e n e s  in nuc leo l i  i nvo lves  the i r  i n t e rac t lon  wi th  s e t s  of 
s t ruc tu ra l  and  regula tory  p ro te ins .  N u c l e a s e  and  p ro tease  d i g e s t i o n s  h a v e  been  employed  to 
compare  t h e  subun i t  o rgan iza t ion  of r ibosomal  g e n e s  and  main-band DNA in chromat in  ( 4 )  and  
t o  e v a l u a t e  t h e  ro l e  of h i s t o n e s  in nuc leo lar  chromatin as compared  to bulk  chromat in  
s t ruc tu re .  

b y  chromatography o n  Physarum DNA covd len t ly  a t t ached  t o  Sephadex  G-25 .  DNA-binding 
f r ac t ions  have  b e e n  compared  wi th  regard  t o  the i r  a f f in i t i e s  for rDNA and main-band DNA 
s e q u e n c e s .  Evidence  for s e l e c t i v e  pro te in  in t e rac t ion  wi th  rDNA wi l l  b e  p r e s e n t e d .  T e s t s  
for e f f ec t s  of rDNA-assoc ia ted  pro te ins  o n  t r ansc r ip t ion  of t h e  r ibosomal  g e n e s  r eau i r e  a 
ce l l - f r ee  RNA-synthesizing s y s t e m .  Cond i t ions  h a v e  b e e n  deve loped  for l abe l l i ng  r ibosomal  
R N A  in  i so l a t ed  nuc le i  and  identifying t h e  newly - syn thes i zed  t r ansc r ip t s  by  hybr id iza t ion  t o  
in t ac t  rDNA and t o  i t s  r e s t r i c t ion  f ragments .  

1 .  Bradbury, E .  M., M a t t h e w s ,  H .R., McNaughton ,  J .  and  Molgaard ,  H . V .  ( 1973 ) . 

2 .  Molgaa rd ,H .V. ,  M a t t h e w s ,  H.R.  and  Bradbury ,E .M.  ( 1 9 7 6 ) .  Eur . J .Riochem.  68. 541-549.  
3 .  V0gt .V.M.  and  Braun, R .  ( 1 9 7 6 ) .  J .Mol .Bio1 .  106 , 567-587.  
4 .  Johnson ,  E . M . ,  L i t t au .V .C . ,  Allfrey,V.G.,  Bradbury,E . M .  and  Mat thews ,  H.R. ( 1 9 7 6 ) .  

Nucleo lar  non-h is tone  pro te ins  h a v e  b e e n  ex t r ac t ed  from purified nuc leo l i  and  f rac t iona ted  

Biochim.Biophys.Acta 335, 19-29. 

Nuc le i c  Acids Res. 3 , in p r e s s .  

413 THE SIGNIFLCPNCE OF STRUCTURAL VARIPTIOFIS OF LYSIP!E-RICH HISTOPIFS, P .  David Cole,  
Myrtle 1.1. Hsianq, Georoe M. Lawson, Rodney O'Pleal and S h i r l e y  L .  Welch, Department 
of Biochemistry,  Univers i ty  of C a l i f o r n i a ,  Berkeley, C A  94720 

The complete amino ac id  sequence of one of  t h e  H 1  h i s tones  of r abb i t  thymus and t h e  par- 
t i a l  sequences of two o the r s  from rabb i t  thymus, one from c a l f  thymus, and one from chicken 
e ry th rocy te  can be compared. All t hese  h i s tones  possess an amino te rmina l  reqion of about 40 
res idues  t h a t  i s  hioh in l y s i n e  and p ro l ine  and extremely low in hydrophobic r e s idues .  This 
reqion is  followed by a reqion of about 70 r e s idues  t h a t  i s  high i n  hydrophobic cha rac t e r  and 
devoid of p ro l ine .  F ina l ly  t h e r e  i s  a reqion of about 115 res idues  high in l y s i n e  and p ro l ine .  
The amino terminal 40 r e s idues  d i sp lay  subs t an t i a l  v a r i a t i o n  even among var ious  H I  h i s tones  of 
a s i n g l e  t i s s u e ,  but t he  hydrophobic reqion i s  h iohly  conserved, and t h e  carboxyl terminal h u n -  
dred r e s idues  v a r i e s  only modestly.  

There seem t o  be only two c l u s t e r s  of c a t i o n i c  r e s idues  in H 1  h i s tone  l a r g e r  than p a i r s .  
These c l u s t e r s  l i e  in the  region from about r e s idue  18 t o  res idue  40 ,  j u s t  where most o f  t h e  
v a r i a t i o n  occurs  between t h e  d i f f e r e n t  H1 h i s tones  of a s i n o l e  t i s s u e .  Moreover the d i s t ance  
between these  c l u s t e r s  appears t o  vary amonq t h e  var ious  P1 h i s tones  so t h a t  t h e  h i s tones  can 
be a r ranoea  in a s e r i e s  where the  c a t i o n i c  c l u s t e r s  a r e  separa ted  by A ,  5 ,  6- - - ,  10 r e s idues .  
We specu la t e  t h a t  t he  spacino between c l u s t e r s  determines the  dearee  of conformational con- 
s t r a i n t  i n  chromatin from r e l a t i v e l y  s t r i n o e n t  c o n s t r a i n t  t o  re laxed .  
s e w  t o  r equ i r e  d i f f e r e n t  r e l a t i v e  moun t s  o f  t he  d i f f e r e n t  kinds o f  Pl h i s tone ,  i t  can be 
postNJlated t h a t  t he  q u a n t i t a t i v e  r ec ipe  of H 1  h i s tone  i s  a r e f l e c t i o n  o f  a p a r t i c u l a r  c e l l ' s  
requirement f o r  c e r t a i n  amounts of s t r i n g e n t  c o n s t r a i n t s ,  in te rmedia te  c o n s t r a i n t s  and re laxed  
ones.  

observ inq  the  c i r c u l a r  d i ch ro ic  spec t r a  of Y l - D N A  complexes, by measurino bindinq a f f i n i t i e s  
in f i l t e r  a s says ,  and by e l u t i n a  t h e  H 1  h i s tones  d i f f e r e n t i a l l y  from DP!A-cellulose columns. 
Di f fe ren t  Hl spec ie s  can a l s o  be s e l e c t i v e l y  ex t r ac t ed  from chromatin.  

Since d i f f e r e n t  t i s s u e s  

The var ious  types  of H 1  h i s tone  can be shown t o  d i f f e r  in t h e i r  i n t e r a c t i o n s  with PlA by 
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414 CHROMOSOME MAPPING:  IN SITU HYBRIDIZATION, MARY LOU PARDUE,  
D E P A R T M E N T  O F  BIOLOGY, MASSACHUSETTS INSTITUTE O F  TECHNOLOGY, 
CAMBRIDGE , MASS A C HUS E T TS 0 2 13 9 

Techn iques  of annea l ing  two  m o l e c u l e s  of s i n g l e - s t r a n d e d  nuc le i c  ac id  and c h a r a c t e r i z i n g  
the r e su l t i ng  hybr id  m o l e c u l e  m a k e  i t  poss ib l e  t o  c o m p a r e  nuc le i c  ac id  s e q u e n c e s  even  
though the a c t u a l  o r d e r  of nucleot ides  in the s e q u e n c e s  m a y  not be known. 
with cytological  p r o c e d u r e s  tha t  p e r m i t  i n  s i t u  de t ec t ion  of the c e l l u l a r  o r  c h r o m o s o m a l  
loca l i za t ion  of the hybr id i zed  nuc le i c  a c i d ,  
s tudy the o rgan iza t ion  and func t ion  of the gene t i c  m a t e r i a l  i n  h ighe r  o r g a n i s m s .  (1) in s i t u  
hybr id i za t ion  to  condensed  c h r o m o s o m e s  c a n  be used  to  m a p  the s i t e s  of DNA s e q u e n c e s  
that  have not been mapped  by genet ic  b reed ing  e x p e r i m e n t s .  ( 2 )  J u s t  as e x p e r i m e n t s  w i th  
known nuc le i c  ac id  s e q u e n c e s  in the hybr id i z ing  solut ion c a n  be used  to ident i fy  c h r o m o s o -  
m a l  s i t e s ,  hybr id i za t ion  to known c h r o m o s o m a l  r eg ions  c a n  be used  in c h a r a c t e r i z i n g  the 
nucleic  ac id  s e q u e n c e s  i n  the hybr id i z ing  solut ion.  ( 3 )  
t ions g ives  in fo rma t ion  on the funct ional  o rgan iza t ion  of p a r t i c u l a r  s e q u e n c e s  in the d i f f u s e  
c h r o m a t i n  of i n t e r p h a s e  nuclei .  T h i s  p e r m i t s  c o m p a r i s o n  of the o rgan iza t ion  in c e l l s  of 
d i f f e r e n t  t ypes .  (4)  B e c a u s e  cy to log ica l  techniques p e r m i t  a n a l y s i s  a t  the l e v e l  of s ing le  
c e l l s ,  i n  s i t u  hybr id i za t ion  c a n  b e  u s e d  to ob ta in  p r e l i m i n a r y  ev idence  o n  gene  ampl i f i ca t ion  
o r  unde r rep l i ca t ion  in  s ing le  c e l l  types i n  t i s s u e s  c o m p o s e d  of s e v e r a l  c e l l  t ypes  o r  c e l l  
s t a g e s .  ( 5 )  T h e  d i s t r ibu t ion  of spec i f i c  RNA s p e c i e s  within a c e l l  o r  i n  m i x e d  c e l l  popula-  
t ions c a n  be s tud ied  by hybr id i za t ion  wi th  DNA t r a n s c r i b e d  in  v i t r o  f r o m  tha t  RNA by RNA- 
d i r e c t e d  DNA p o l y m e r a s e s .  

When combined  

t h e s e  t echn iques  c a n  be used  in s e v e r a l  ways  to 

Hybr id i za t ion  to cy to log ica l  p r e p a r a -  

"MAPPING" WITH ANTIBODIES TO NONHISTONE CHROMOSOMAL PROTEINS, Sarah 
C.R. Elgin and Lee M. Silver, The Biological Laboratories, Harvard 
University, Cambridge, Massachusetts 02138 

415 

The in situ distribution of nonhistone chromosomal proteins (NHC proteins) 
in Drosophrpolytene chromosomes is being studied using an indirect immuno- 
fluorescent "staining" technique (1). Formaldehyde fixation is used to pre- 
vent extraction or rearrangement of the proteins during preparation and 
staining of the chromosomes. Results obtained using antisera against total 
NHC proteins demonstrate that these proteins, purified from isolated chroma- 
tin, are indeed preferentially associated with the chromosomes in vivo. 
Recent studies using antisera against three molecular weight subiracti'ons of 
the NHC proteins indicate that while some of the NHC proteins may be widely 
distributed in chromatin, others have a limited and specific distribution 
which may be indicative of their function. A highly selective staining 
pattern is obtained using antiserum against subfraction p; puffs (loci very 
active in RNA synthesis) and many nonpuffed chromomeres which are known to 
puff at other times during the third larval instar or prepupal stages are 
brightly fluorescent. In Drosophila new RNA synthesis can be induced at 
specific chromomeres, such as 8 7 A  and 87C1,by heat shock treatment; these 
loci, previously stained at low levels, are stained brightly using the 
p serum after heat shock. The sum of the available evidence suggests that 
a particular chromatin structure or configuration, indicated by staining 
using the p serum, is a necessary but not sufficient condition for gene 
activity as indicated by puffing. This correlation is being studied in 
greater detail. 

The immunofluorescent "mapping" technique should be useful in studying 
the NHC proteins in two ways. First, the distribution patterns obtained 
using serum against individual NHC proteins isolated by two-dimensional gel 
electrophoresis may suggest the functions of these proteins, as above. 
Second, the distribution patterns of proteins isolated by other properties 
(such as enzyme activity) may be obtained to test hypotheses concerning the 
role of such proteins in chromosome structure and function. Both approaches 
are being used in current work. 

1) Silver, L.M., and Elgin, S.C.R. ( 1 9 7 6 )  Proc. Natl. Acad. Sci. U.S.A. 73, 
4 2 3 - 2 7 .  

97 



Molecubr Human Cytogenetia 

416 MECHANISMS OF X CHROMOSOME INACTIVATION, Arthur D. Riggs, Biology 
Division, City of Hope National Medical Center, Duarte, CA 9 1 0 1 0  

The molecular mechanism of X chromosome inactivation remains a mystery. 
However, some experimental and theoretical progress has been made, and this 
will be critically reviewed. Three models to explain this important chrom- 
osomal differentiation phenomenon will be discussed: (A) episomal activators 
or inactivators (1); (B) nonhistone proteins (2, 3 ) ;  and (C) DNA methyla- 
tion ( 4 ) .  

As a direct biochemical approach to this problem, we have begun studies 
on X chromosome isolation. To facilitate X chromosome purification, we have 
searched for a mammalian species where the X chromosome is normal sized (5% of 
genome) and yet smaller than the autosome. The American opossum (Didel h s 
virginiana) has such a favorable karyotype. We have established a d -  
terized a permanent cell line from this species and chromosome isolation 
studies are in progress now. 
(1) Grumbach, M. M., Morishima, A., & Taylor, J. H. ( 1 9 6 3 )  Proc. Nat. Acad. 

Sci. USA 4 9 .  581-589. -. -. . _ ~ ~  . . -. - -. . 

( 2 )  Lyon, M. < ( 1 9 7 2 )  Biol. Rev. 5, 1-35. 
( 3 )  Ohno, S. ( 1 9 7 3 )  Cold Spring Harbor Symp. Quant. Biol. 38, 155-164. 
( 4 )  Riggs, A. D. ( 1 9 7 5 )  Cytogenetics & Cell Genetics 14, 9 7 5 .  

417 TWO MAJOR REGULATORY GENES OF THE MAMMALIAN SEX DETERMINING MECHANISM 
Susumu Ohno, Department o f  B io logy ,  C i t y  o f  Hope Nat iona l  Medical Center, 
Duarte, C a l i f o r n i a  91010 

The mammalian male development i s  due t o  successive i n te rven t ions  by two major regu la to ry  
genes o f  the  i nhe ren t l y  femin ine  embryonic p lan .  The f i r s t  r e s i d i n g  on the  Y-chromosome ac ts  
upon the  embryonic i n d i f f e r e n t  gonad and induces i t  t o  o rgan ize  a t e s t i s  ins tead o f  an ovary.  
Ba r r i ng  d e f e c t i v e  mutat ions a ' f f ec t i ng  subs id ia ry  regu la to ry  systems and t h e i r  s t r u c t u r a l  gene 
components, t he  Y-organized t e s t i s  then synthesizes tes tos te rone  which i s  respons ib le  f o r  a l l  
the extragonadal  mascul ine development. The second r e s i d i n g  on the  X-chromosome c o n t r o l s  a 
s i n g l e  species o f  t he  nuc lear -cy toso l  androgen-receptor p r o t e i n ,  and i t  i s  t h i s  ra the r  u b i -  
q u i t o u s l y  expressed regu la to ry  p r o t e i n  which a c t i v a t e s  a s p e c i f i c  se t  o f  s t r u c t u r a l  genes i n  
each t a r g e t  c e l l  t ype  in  response t o  tes tos terone and i t s  a c t i v e  i n t r a c e l l u l a r  me tabo l i t e  ( 1 ) .  

t h a t  an evo lu t i ona ry  conserved plasma membrane p r o t e i n  t h a t  has been known as H-Y an t i gen  i s  
t he  product o f  t he  Y- l inked tes t i s -de te rm in ing  gene (2 ) .  Indeed, i n  except iona l  mammalian i n -  
d i v i d u a l s  whose gonadal sex does no t  agree w i t h  t h e i r  chromosomal sex, the  express ion  o f  H-Y 
an t igen  s t r i c t l y  co inc ided w i t h  the  presence o f  t e s t i c u l a r  t i s s u e  and n e i t h e r  w i t h  the  Y-chro- 
mosome presence nor  w i t h  the  mascul ine phenotype man i fes ta t i on ;  i.e., XX males o f  man and mice 
expressed H-Y an t igen,  whereas f e r t i l e  X Y  females o f  t he  wood lemming d i d  no t .  

and when vary ing  f r a c t i o n s  o f  t he  copies detach from the  Y and become inse r ted  i n t o  an auto-  
some, they become e i t h e r  a dominant o r  recess ive  autosornal t es t i s -de te rm in ing  gene t h a t  p ro -  
duces XX males. An X- l inked gene appears t o  exerc ise  the  r e s t r a i n i n g  c o n t r o l  on the  Y- l inked 
m u l t i p l e  copies o f  t he  H-Y an t igen.  In t h e  wood lemming, an o v e r - r e s t r a i n i n g  mu ta t i on  o f  t h i s  
X- l inked gene produces f e r t i l e  X Y  females by suppressing the  expression o f  Y- l inked t e s t i s -  
de termin ing  H-Y an t igen  genes (3,4). 

1) Ohno, S. (1975) Ce l l  7:315-321. 
2) Wachtel, S . S . ,  Ohno, S . ,  Koo, G.C.  and Boyse, E.A. (1975) Nature 257:235-236. 
3) Fredga, K., Gropp, A.,  Winking, H .  and Frank, F. (1976) Nature 2 6 1 2 5 - 2 2 7 .  
4) 

Together w i t h  Wachtel, Koo and Boyse o f  t he  S loan-Ket te r ing  I n s t i t u t e ,  I have proposed 

On the  Y ,  the  tes t i s -de te rm in ing  H-Y an t i gen  gene appears t o  e x i s t  i n  m u l t i p l e  cop ies ,  

Wachtel, S . S . ,  Koo, G . C . ,  Ohno, S . ,  Grdpp, A., Dev. V . G . ,  T a n t r a v x ,  R., M i l l e r ,  D.A. 
and M i l l e r ,  O.J. Nature (in press) .  
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Y-CHROMOSOME-DNA, Louis M. Kunkel, Kirby D. Smith, Samuel H.  Boyer, Department of  
Medicine, Johns Hopkins Univers i ty  School of Medicine, Baltimore,  MD 21205 

Rei t e ra t ed  DNA has  been i s o l a t e d  from the  human Y chromosome by two approaches (1,ZJ. 

418 

The f i r s t ,  i s o l a t i o n  & exclus ion ,  u t i l i z e s  ex tens ive  r e a s s o c i a t i o n  of trace amounts of 
l a b e l l e d  4 7 m w i t h - 6 , X X  DNA. 
a f t e r  two cha l lenges  is  completely s p e c i f i c  f o r  t h e  human Y chromosome (1). Through t h e  use 
of Y chromosome mutants,  t hese  i t - Y  sequences have been loca l i zed  t o  t h e  long arm of t h e  Y 
chromosome (3 ) .  When our  usua l  r e a s s o c i a t i o n  c r i t e r i a  (0.12M phosphate b u f f e r  (PB),60°) a r e  
reduced t o  0.14M PB,50°, ?. 50% of 3H-i t -Y DNA r e a s s o c i a t e s ,  i.e., c r o s s  r e a c t s ,  w i th  whole 
genome DNA from a woman. These c r o s s  r e a c t i n g  sequences are n o t  found on the  X chromosome 
s i n c e  a t  reduced c r i t e r i a  they  do n o t  r e a s s o c i a t e  w i th  DNA i s o l a t e d  from a.mouse-human hybr id  
ce l l  l i n e  conta in ing  the  X as t h e  only  human chromosome (AUA-11A, a g i f t  from D r .  Frank Ruddld 
Under usua l  c r b r i a  (0.12M PB,6Oo) the  c r o s s  r e a c t i n g  sequences do no t  r e a s s o c i a t e  w i th  DNA 
from g rea t  apes ,  under reduced c r i t e r i a  (0.14M PB,5Oo) they  do. 
DNAS of d i f f e r e n t  s i z e s ,  i n d i c a t e  t h a t  bo th  cross r e a c t i n g  and non-cross r e a c t i n g  3H-Y 
chromosome sequences are c l u s t e r e d  i n  l eng ths  of 600 t o  1000 baees  i n  human male DNA. 

wi th  Hae 111 y i e l d s  two Y-chromosome-specific fragments r ep resen t ing  between 30 and 50% of 
the  es t imated  human Y chromosome DNA ( 2 ) .  The l a r g e r  of the  Hae 111 r e s t r i c t i o n  fragments 
(?. 3400 nuc leo t ide  base  p a i r s  i n  l eng th )  has  been i s o l a t e d  us ing  r e s t r i c t i o n  enzymes Hing 111, 
Barn H I  and R I I  t o  70% pur i ty (2 ) .  Our r e a s s o c i a t i o n  d a t a  i n d i c a t e  t h a t  (a )  2, 50% of the  
chromosome sequences i s o l a t e d  by exc lus ion  a r e  conta ined  i n  the  l a r g e  Hae 111 fragment and 
(b) t h i s  fragment con ta ins  no single-copy DYA. The small Hae I11 fragment (?. 2500 nuc e o t i d e s  
i n  l eng th )  does n o t  r e a s s o c i a t e  e i t h e r  the  H-Y s p e c i f i c  sequences d iscussed  above o r  H- 
l a b e l l e d  l a r g e  Hae I11 fragment DNA. Sur fher  uses  of t hese  probes  w i l l  h e l p  e l u c i d a t e  the  
o rgan iza t ion  of t he  Y chromosome. 

1) Kunkel, L.M., Smith, K.D. and Boyer, S.H. (1976) Science 191, 1169-1190. 
2 )  Cooke, H. (1976) Nature 262, 182-186. 
3) Kunkel, L.M., Smith, K.D.,  Boyer, S.H., Borgaonkar, D.S., Wachtel, S.S. ,  Miller, O.J., 

H- 
Radio labe l led  DNA n o t  r eas soc ia t ed  t o  46,XX DNA 

S tud ie s  u t i l i z i n g  d r i v e r  

The second approach u t i l i z e s  r e s t r i c t i o n  endonucleases.  Diges t ing  DNA from human males 

H-Y 

3 

Breg, W.R.,  Jones ,  H.W. and Rary, J . M .  (1976) P.N.A.S., i n  p re s s .  

SISTER CHROMATID EXCHANGES: DETECTION AND APPLICATIONS 419 Samuel A. Latt, Genetics Division, Children's Hospital Medical Cen- 
ter, Boston, Massachusetts, 02115 

Sister chromatid exchanges (S.C.E.'s) represent the interchange of DNA 
between replication products at apparently homologous loci. These exchanges, 
which are generally detected in cytological preparations of metaphase chromo- 
somes, presumably involve DNA breakage and reunion, although the molecular 
basis o f  sister chromatid exchange formation remains unknown. Detection of 
S.C.E.'s, which initially utilized autoradiography, has been greatly facili- 
tated by BrdU-dye techniques in which sister chromatid differentiation is re- 
flected by characteristic fluorescence or Giemsa staining patterns. 

clastogens with chromosomes, and have provided an additional means of differ- 
entiating between hereditary diseases known or suspected to involve a defect 
in DNA repair. A wide range of chemicals, many known to be mutagenic and/or 
carcinogenic, markedly increase the S.C.E. frequencies in cultured cells at 
concentrations sufficient to cause at most minimal chromosome breakage. The 
biochemical mechanism o f  S.C.E. formation, as well as the biological impor- 
tance of S.C.E.'s is currently under investigation. Methods for in vivo anal- 
ysis of S.C.E. formation in intact animals have recently been developed. 
These permit the detection o f  tissue-specific, host mediated responses to po- 
tential clastogens, and have led to preliminary studies of sister chromatid 
differentiation in meiotic cells. Abnormalities in the BrdU-dye dependent 
"baseline" S.C.E. frequency or in the change in S.C.E. frequency following ex- 
posure of cells to clastogens have been reported in Bloom's syndrome, Fan- 
coni's anemia and in xeroderma pigmentosum, while no abnormalities related to 
S.C.E. formation have been described in ataxia telangiectasia. Elucidation of 
the mechanism of S.C.E. formation may lead to improved understanding of the 
molecular basis of these diseases as well as their clinical consequences. 

Previous information about the nature and presumptive basis of methods 
for S.C.E. detection as well as the application of S.C.E. measurements to 
study clastogen effects and chromosome fragility diseases will be briefly re- 
viewed, and new information about the induction and potential significance 
of S.C.E. formation will be presented. 

S.C.E.'s have proved to be highly sensitive indices of the interaction of 
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420 SISTER CHROMATID EXCHANGE: 
Laboratory o f  Radiobiology and Deoartment o f  Anatomy, U n i v e r s i t y  o f  C a l i f o r n i a ,  
San Francisco, San Francisco, CA 94143 

PLANT AND ANIMAL CHROMOSOMES - A  REVIEW, Sheldon Wol f f ,  

I f  c e l l s  a re  grown f o r  two rounds o f  DNA r e o l i c a t i o n  i n  the  nresence o f  a thymid ine  ana- 
logue such as bromodeoxyuridine o r  iododeoxvur id ine ,  t he  chromosomes con ta in  s i s t e r  chromat ids 
t h a t  a re  chemica l l y  d i f f e r e n t  f rom one another.  
f e r e n t i a l l y ,  which a l lows the  de tec t i on  o f  s i s t e r  chromat id  exchanaes (SCEs) w i t h o u t  au to-  
radiography. The r e s o l u t i o n  o f  t he  system i s  such t h a t  t he  SCEs can be e a s i l y  seen w i t h  g rea t  
c l a r i t y  and o rec i s ion .  Experiments on SCEs w i t h  the  new methods have been usefu l  bo th  f o r  
fundamental s tud ies  on chromosomal o rgan iza t i on  and f o r  aoDl i e d  s tud ies  designed t o  screen f o r  
t he  e f f e c t s  o f  mutagenic carcinogens i n  mammalian c e l l s .  

They a re  n o t  caused b,y the  
exchange o f  s i n g l e  po l ynuc leo t i de  strands, which would r e s u l t  i n  d i f f e r e n t i a l l y  s ta ined  chro- 
mat ids  a f t e r  one round o f  r e p l i c a t i o n ;  i s o l a b e l l i n q  o f  chromosomes i n  autoradiograms, which 
had been construed as evidence f o r  mu l t i s t randed  chromosomes, has now been found t o  be an 
a r t i f a c t  o f  t he  autoradiography and the  imorec i s ion  w i t h  which c e l l  cyc les  can be t imed; SCEs 
occur i n  the  i n te rband  reg ion  o f  q u i n i c r i n e  s ta ined  chromosomes and a re  less f r equen t  i n  
heterochromat in than i n  euchromatin o r  t he  euchromatin-heterochromatin j unc t i ons ;  SCEs a re  i n -  
dependent o f  c a f f e i n e - s e n s i t i v e  n o s t - r e o l i c a t i o n  r e n a i r  mechanisms; the  l es ions  resoons ib le  
f o r  SCEs a re  d i f f e r e n t  f rom those t h a t  l ead  t o  the  i n d u c t i o n  o f  o rd ina ry  chromosome exchange 
aber ra t ions ;  u l t r a v i o l e t  r a d i a t i o n  o r  a l k y l a t i n q  agents induce l o n q - l i v e d  l es ions  t h a t  l e a d  t o  
SCEs when the  c e l l s  proceed through S; thymine dimers do n o t  l ead  t o  SCE; SCEs can be found i n  
c e l l  cyc les  subsequent t o  t h e  one t r e a t e d  w i t h  i nduc inq  aqents.  

The induc t i on  o f  SCEs i n  c u l t u r e d  c e l l s  has oroved t o  be t h e  most s e n s i t i v e  mammalian 
system a v a i l a b l e  f o r  t he  de tec t i on  o f  t he  cy togenet ic  e f f e c t s  o f  mutaqenic carcinoqens. A 
t e n - f o l d  inc rease i n  SCEs can be detec ted  a t  chemical concent ra t ions  100- fo ld  lower than those 
requ i red  t o  de tec t  increases i n  o r d i n a r y  chromosome aber ra t i ons .  I f  whole animals a re  i n -  
j e c t e d  w i t h  the  chemicals and SCEs detec ted  i n  c u l t u r e d  lymnhocytes, then t h i s  system can be 
used t o  de tec t  t he  e f f e c t s  o f  compounds t h a t  r e q u i r g  metabo l ic  a c t i v a t i o n ,  as w e l l  as those 
t h a t  do no t .  
agents i f  an a c t i v a t i n g  system con ta in inq  l i v e r  microsomes i s  added t o  the  c u l t u r e s  along w i t h  
the  chemicals. Studies w i t h  a v a r i e t y  o f  aqents t h a t  cause d i f f e r e n t  chemical l e s i o n s  and 
w i t h  c e l l s  con ta in ing  d i f f e r e n t  DNA r e o a i r  de fec ts  a re  g i v i n g  i n s i q h t s  regard ing  the  l es ions  
respons ib le  f o r  the  i nduc t i on  of  s i s t e r  chromat id exchanqe. 

These s i s t e r  chromat ids can be s ta ined  d i f -  

Several conclusions can be reached from the  s tud ies  on SCE's: 

C e l l s  i n  t i s s u e  c u l t u r e  can a l so  be used t o  de tec t  bo th  tynes o f  chemical 

DNA REPAIR AND MOLECULAR MECHANISMS OF SISTER CHROMATID EXCHANGE, James E. Cleaver,  
Laboratory o f  Radiobioloqv, U n i v e r s i t v  o f  C a l i f o r n i a ,  San Francisco, San Francisco, 
CA 94143 

421 

S i s t e r  chromat id exchanqes (SCEs) a re  induced bv low l e v e l s  o f  most DNA damaoinq aqents 
and i t . i s  tempt ing t o  make simole comnarisons between DNA r e n a i r  svstems and SCEs i n  o rder  t o  
exo la in  the  mechanisms o f  SCE fo rha t i on .  SCEs i n v o l v e  exchanse o f  l o n q  s t re t ches  o f  chro- 
mat ids con ta in ing  double stranded DNA bu t  t he  known DNA r e n a i r  svstems i n  mammalian c e l l s  do 
no t  con ta in  double s t rand  exchange as i n t e q r a l  s teos .  Also,  a cons ide ra t i on  o f  SCE fo rmat ion  
i n  human diseases i n  which DNA r e n a i r  de fec ts  have been cha rac te r i zed  i n d i c a t e s  t h a t  t he  i n -  
volvement o f  these reDa i r  svstems i n  SCE fo rmat ion  i s  comnlex. Xeroderma nismentosum c e l l  
l i n e s  which a re  exc i s ion  d e f e c t i v e  (A,B,C,D,E) produce h iqhe r  SCE f reouenc ies  than do normal 
c e l l s  when t h g i r  DNA i s  damaged, thus i m o l i c a t i n g  urlexcised DNA l es ions  i n  SCE fo rma t ion  
(1,2,3). The XP v a r i a n t  however, which e x h i b i t s  de fec ts  i n  n o s t - r e o l i c a t i o n  r e o a i r  du r inq  
the  f i r s t  few hours a f t e r  DNA damaoe occurs, oroduces the  same frenuencv o f  u l t r a v i o l e t  l i q h t  
induced SCEs as do normal c e l l s  (2 ) ,  even thouqh such c e l l s  show a h iqhe r  than normal UV i n -  
duced muta t ion  f renuency ( 4 ) .  Blooms svndrome, bv con t ras t ,  shows h i q h  l e v e l s  o f  soontaneous 
SCEs and has no de tec tab le  de fec t  i n  anv r e q a i r  svstem; the  on lv  known molecu la r  de fec t  i s  a 
s l i s h t  reduc t i on  i n  DNA cha in  growth r a t e  ( 5 ) .  A t  t he  ve rv  l e a s t  i t  i s  c l e a r  t h a t  manv SCEs 
a re  nroduced when DNA r e n l i c a t i o n  occurs on damaoed DNA, and the  inc reased number o f  oe rs i s -  
t e n t  damaged s i t e s  i n  exc i s ion  de fec t i ve  c e l l s  r e s u l t s  i n  h ioh  SCE f renuenc ies .  But oos t -  
r e o l i c a t i o n  reDa i r  as c u r r e n t l v  understood i s  no t  i nvo l ved  i n  SCE format ion because i t  i s :  
( i )  con f ined t o  the  f i r s t  few hours a f t e r  damane, ( i i )  i s  o n l v  known t o  i nvo l ve  smal l  s i n q l e  
s t rand  exchanges ( l e s s  than 1090 nuc leo t i des )  i f  anv, ( i i i )  i s  a l t e r e d  i n  the  XP v a r i a n t  
w i thou t  e f f e c t  on SCE fo rmat ion .  Therefore the  mechanisms invo lved  dur ino  semiconservat ive 
DNA r e n l i c a t i o n  which oroduce SCEs must i n v o l v e  new' f ace ts  of known r e n a i r  svstems o r  a 
h i t h e r t o  unknown double s t rand  exchanse mechPnism. Vork sunoorted bv  U.S. Enerav Research 
and Develooment Admin is t ra t ion .  

1) 
? )  deWeerd-Kastelein, E. and Bootsma, D. (1976) (unoubl ished observa t ions) .  
3)  
4 )  
5) 

Bartram, C.R . ,  Koske-Hestohal. T. and Passarge, E .  (1976) Ann. Hum. Fen. 3, 79-36. 

Wolf f ,  S., Rodin, B .  and Cleaver, J.E. (1977) Nature ( i n  o r e s ) .  
Plaher, V.M., Due l l e t te ,  L.M., Curren, R.D. and McCormick, J.J. (1976) Nature 261, 593-595. 
Hand, R .  and German, J.A. (1975) Proc. N a t l .  Acad. Sc i .  2, 758-762. 
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422 STRUCTURE I N  RELATION TO FUNCTION OF EUKARYOTE CHROMATIN, James Bonner, Division of 
Biology, California Institute of Technology, Pasadena, CA 91125 

It is only through a deep and thorough understanding of  human genetics and human cyto- 
genetics that we can hope that humankind can escape the natural expectation for any and all 
species, namely, that will become extinct. Through such understanding, wisely used, we can 
little by little produce better people more fitted to our environment and, hopefully, reduce 
the proportion of humans not optimally so fitted. 
little except help us to understand in depth and detail the operation of the human genome 
so that we can not only understand our genetic endowment but also manipulate the genome as 
a control of gene expression to u s e f u l  ends. 

Genetic engineering (bad word) can do 

423 SATELLITE DNA AND CYTOGENETIC EVOLUTION, F.T. Hatch, A.J. Bodner, J.A. Mazrimas, 
and D.H. Moore.11, Lawrence Livermore Laboratory, Livermore, CA 94550 

Simple, highly reiterated DNA sequences, often observed in density gradients as satel- 
lite DNAs, exist in condensed heterochromatin. This material is predominantly centromeric, 
occasionally telomeric or intercalated, and in a few species occupies entire chromosome 
arms. It is a highly variable component of the genome of most higher eukaryotes, but its 
functions have remained speculative. 

The genus of kangaroo rats (Dipodomys) exhibits a remarkable interspecies variation in 
content of three satellite DNAs and in species karyotypes (1-3). Variations in diploid DNA 
content (2C) are related principally to satellite DNA content and secondarily to chromosome 
number (2N). Satellite DNA content is correlated positively with predominance of biarmed 
over uniarmed chromosomes (high fundamental number FN) and with number of subspecies, and is 
correlated inversely with two anatomical indices (leg bone lengths) of specialization for 
the jumping gait. Karyotypic variation is achieved via chromosomal rearrangements, e.g., 
Robertsonian fusion, C band heteromorphism, and pericentric inversion. Environmental 
adaptation is achieved, in part, by reassortment of gene linkage groups as a result of the 
chromosomal rearrangements. The foregoing relationships led us to propose that highly 
reiterated DNA sequences play a supragenic, global role in environmental adaptation and the 
evolution of new species. 

simple DNA sequences (3-10 base pairs long) has apparently been paralleled by partial 
elimination of an intermediate-density class of DNA. 
to biarmed chromosomes has occurred. 

regions. 
capacity. 
above. 
the fixation of chromosomal rearrangements and the development of new species. 
exhibit major adaptations in anatomy (for jumping) and physiology (for water conservation). 
Thus molecular, behavioral, and environmental systems have been integrated for coping. 
(Work performed under the auspices of the U.S.ERDA, Contract No. W-7405-ENG-48.) 
1. Hatch, F.T., Bodner, A.J., Mazrimas, J.A., and Moore, D.H.,II, (1976) Chromosoma, in 
press. 
2. Mazrimas, J.A. and Hatch, F.T. (1972) Nature New Biol. 2, 102-105. 
3. Hatch, F.T.  and Mazrimas, J.A. (1974) Nucleic Acids Res. 1, 559-575. 

In the kangaroo rat genus over evolutionary time progressive reiteration of certain 

Concomitantly, conversion of uniarmed 

Kangaroo rats are the most successful mammals of North American semi-arid and arid 
These severe environments place a premium on genetic flexibility and adaptive 
The variability of the genome, mediated in part by satellite DNAs, is described 

The animals live in small populations of limited mobility, a feature favorable to 
They also 
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NONHUMAN PRIMATE EVOLUTION; Pearson, P.L.,  I n s t i t u u t  voor Anthropogenetica,  Leiden 
424 Holland 

The extensive use of var ious chromosome bandinq technlques has  permit ted t h e  accurate  
i d e n t i f i c a t i o n  of primate chromosomes and f o r  comparisons t o  be made with t h e  human karyo- 
type (1). Many of the chromosomes p resen t  i n  the  g r e a t  apes appear t o  have human coun te rpa r t s  
and except  f o r  t he  pos tu l a t ed  te lomeric  fusion of two pongid chromosomes t o  give rise t o  t h e  
human chromosome 2 ( 2 ) .  chromosome evolut ion appears t o  have been very conservat ive.  In the  
c lose ly  r e l a t e d  Symphalangidae (Gibbons and Siamangs) 
but  members of t h e  Cercopithecoidea (Old world monkeys) represented by the  Macaques and 
Baboons,although more d i s t a n t l y  r e l a t e d  t o  man than the  Symphalangidae,appear once again to  
have some of t h e  human chromosome banding c h a r a c t e r i s t i c s .  we have made use of somatic c e l l  
hybr id i za t ion  ( 3 )  to i n v e s t i g a t e  whether primate chromosomes, def ined a s  being homologous t o  
p a r t i c u l a r  human chromosomes on t h e  b a s l s  of banding p a t t e r n ,  a l s o . c o n t a i n  the  same gene 
l o c i .  S i m i l a r i t i e s  and except ions t o  t h e  human p a t t e r n  have been observed and these w i l l  be 
discussed i n  i n t e r p r e t i n g  the  r e l a t i o n s h i p  between banding p a t t e r n  and gene con ten t ,  chromo- 
some evolut ion and d e f i n i t i o n s  o f  gene t i ca l  homology. 

1) P a r i s  Conference (1971) Supplement (19751, B i r th  Defects Vol. XI. N o .  9. 
2)  Du t r i l l aux ,  B .  (1975) Monographia des  Annales de GBndtique (Expanslon S c i e n t i f i q u e ,  

3) Warburton and Pearson (1976) In  Human Gene Mapping 3. B i r th  Defects Vol. X I I .  No. 7 .  

t he re  a r e  no autosomal s i m i l a r l t i e s ,  

P a r i s ,  1975) .  

425 MOLECULAR A N D  CYTOGENETIC E V O L U T I O N ,  Allan C .  Wilson and Lorraine M .  Cherry, 
University of Cal i fornia ,  Berkeley, CA 94720 and  California S ta te  University, 
San Diego, CA 92182. 

We review evidence f o r  the existence o f  a molecular evolutionary clock. 
one can estimate approximately the time elapsed s ince a pair  of l iving species had a common 
ancestor. Two appl icat ions a re  considered. The f i r s t  concerns estimation of the time when 
the human lineage diverged from t h a t  leading t o  apes. 
ra tes  o f  chromosomal evolution. An improved method f o r  estimating ra tes  of chromosome evo- 
lut ion i s  described. 
phylogenetic re la t ionships  and divergence times among the species o f  known karyotype. 
a re  correlat ions between r a t e  of chromosomal evolut ion,  r a t e  of speciat ion and ra te  of morpho- 
logical evolution f o r  the major groups of ver tebrates  as well as f o r  the major groups of 
seed plants .  
not correlate  w i t h  the above ra tes .  
somal evolution f a c i l i t a t e s  adaptive evolution. T h i s  f a c i l i t a t i o n  could r e s u l t  from a d i r e c t  
mechanism, in which chromosomal mutations a c t  as regulatory mutations; a1 te rna te ly ,  the 
mechanism could be ind i rec t .  Chromosomal mutations might, f o r  example, a c t  as s t e r i l i t y  
bar r ie rs ,  thereby f a c i l i t a t i n g  speciat ion.  

With the clock,  

The second concerns estimation of 

I t  is  a phylogenetic method, which uses molecular information regarding 
There 

Rates of macromolecular sequence evolution a re  ra ther  steady, however, and do 
To explain these r e s u l t s ,  one may propose tha t  chromo- 
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CHANGES I N  CHROMATIN STRUCTURE DETECTED WITH THE SV40 MINICHROMOSOME, 441 Jack D. Griffith and Gunna Christiansen, Stanford University Medical School 
Stanford California 94305 

A chromatin, containing simian virus 40 ( SV40 ) DNA and histone was used to develop 
a fixation procedure which best preserved its native sedimentation properties yet rendered 
it resistant to harsh physical and chemical treatments. Under this fixation the chromatin 
in a 0 02M phosphate, 0.01 M NaCl buffer ( pH 7.5 ) was treated with 1% formaldehyde for 
15 min on ice followed by 0 6% glutaraldehyde for 15 min more on ice. Using this fixation 
we have detected an increase in the length of the DNA segment joining the basic chromosomal 
subunits following shearing 
sedimentation coefiicients in 6M urea, 0.01 M Tris pH 8 . 0  with' o r  without prior iixation 
showing that high concentrations SV40 
chromatin examined by electron microscopy following fixation was a chain of 2 1  beads 
joined by short thin bridges Without fixation it changed into a relaxed loop of a fiber 
7 - 3  nm in diameter and 1.1 pm long 

SV40 chromatin depleted of  histone Hi exhibited identical 

of urea does not change the beaded conformation. 

442 ELECTRON MICROSCOPIC STUDIES ON NUCLEOSOME STRUCTURE, John C. Wooley and John P. 
Langmore, Biophysics Dept., University of Chicago, Chicago, IL 60637. 
Our scanning transmission electron micrgscopy studies on unstained unfixed chromatin 

have suggested nucleosomes are about 110 by 55 A discs with two tightly packed DNA loops 
(radius roughly 40 d ) ,  each about 70-80 base pairs long, wrapped around a histone core (PNAS 
72, 2691, 1975; 3. Biophysics, in press). We have now examined the effects of solvent and 
fixation and find the fine Structure to be essentially the same after formaldehyde fixation at 
ImM NaP04, 0.15N KC1 or  0.25mM MgC12 as in unfixed chromatin prepared from 1mM NaP04. 
now reconcile OUK observed widths for unstained nucleosomes with widths observed for stained 
nucleosomes based on observations on the nature of stain-chromatin interactions and the 
spatial distribution of nucleosomes in a layer of negative stain. Our studies provide further 
indications f o r  a chemical difference between the outside and the center of the nucleosome 
(e.g., a central cleft and/or the carboxyl-rich C-terminal histone segments). The regular 
DNA-like 60 base pair long thin internucleosomal unit fiber we visualize, now supported by 
nuclease digestion data, leads us to predict the existence of multiply repeated (contiguously 
over 200 base pairs and/or spaced out-of-phase with the 200 base pair subunit repeat) copies 
of DNA sequences representing important control elements, thus permitting sequence-specific 
regulatory proteins to bind without serious inhibition by or disruption of nucleosome 
structure. 
(Research supported by USPHS CA2739 and Fay Hunter Cancer Research Fund grants to R.B. Uretz 
and by USAEC, Biology Division, grant to A.V. Crewe.) 

- 
We can 

443 
*University of Virginia, Charlottesville, Va., 22901. -N.I.H., Bethesda, Md., 20014. 

within transcriptionally-active, non-ribosomal genes is morphologically similar to inactive 
nucleosomal'chromatin (McKnight and Miller, J.C.B. 67:276a, 1975; and, Laird and Chooi, 
Chromosoma, in press). Such observations suggest that histone proteins remain associated 
with template-active DNA sequences. 
methods in conjunction with chromatin spreading techniques, 

(Simpson and Bustin, Biochemistry, 15:4305, 1976), were tested for cross reactivity with purified 
D. melanogaster histones (Bustin, Reeder and McKnight, manuscript in preparation). Immunological 
data confirm the CKOSS reactivity of such anti-histones, and show no immunological difference 
between thymus H2b and Drosophila HZb, and only 4 %  amino acid difference between thymus H3 and 
Drosophila H3. 
H20 and incubated with %0.2mg/ml of anti-H'2b or anti-H3 in 2OmM NaC1. 
rabbit IgG, coupled to ferritin, was added to %0.5mg/ml, and the sample was spun through 0.5M 
sucrose (in 10% formalin) onto a carbon coated E.M. grid. Such preparations show morphologically 
altered nucleosomes, and up to 302 are ferritin-tagged. Templates of transcribed, non-ribosomal 
genes show a distribution of ferritin tags equal to that found on inactive chromatin of the same 
preparation. 
proteins during transcription. 

IMMUNOELECTRONMICROSCOPIC IDENTIFICATION OF HISTONE PROTEINS IN TRANSCRIPTIONALLY 
ACTIVE CHROMATIN. Steven L. McKnight*, Michael Bustin- and Oscar L. Miller, Jr.* 

Ultrastructural studies of transcription in Drosophila embryos have shown that chromatin 

Here we report initial results obtained using immunological 

Antibodies elicited to calf thymus histones H2b and H3, purified by affinity chromatography 

To probe chromatin regions we dispersed single D. melanogaster embryos in pH 9.0 
After lOmin, goat anti- 

These preliminary results indicate that non-ribosomal DNA is complexed with histone 
Supported by NSF grant BMS73-01134-A01. 
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444 
Lebomtory, Livermore, Calif. 94550. 
content of pre-identified human metaphase chromosomes. 
for each individual. The measurements are tested f o r  differences between the members of 
each homologous pair 9f chromosomes and are compared with s standard data set drawn from 
ten phenotypically normal Caucasian adults. The present study involves two families, each 
with one son. Analysis o f  the chromosomal DNA measurements reveals that the two sons have 
respectively 6 and 5 chromosome pairs where the two homologous chromosomes differ from one 
another at the 90 percent level of significance. 
parental chromosomes allows assignmtnt 01' the ilomologous chromosomcs. In 15 si' '.he 2, 
sesignments, it appears that.chromosoma1 DNA content is inherited as a dominant 
characteristic. 
i,a.'enteL cnl . ; ' ~ ' c p r k g  chromosomes; this may reflcct unerjml crossing over at meiosis. 
(This work was conducted under the auspices of U.S. EKDA contract No. W-7405-ENG-48 end 
was supported in part by USPHS Grant GM 20291). 

VARIANT DNA C0"C IS AN INHERITED HUMAN CHROMOSCMAL HETEROMORPHISM. 
A.V. Carrano an? D.H. Moore 11. 

B.H. Mayall, 
Rioneaical R:?earch Division, Lawrence Livermore 

Scanning cytophotometry quanitates the DNA stain 
Typically, ten cells are measured 

Comparison with measurements of the 

The remaining three assignments show significant differences between the 

445 CHROMATIN REPLICATION IN VITRO, Ronald L. Seale, Division of Molecular and Cellular 
Biology, National Jewish Hospital and Research Center, 3800 E. Colfax Ave., Denver, 
CO 80206. 
An in vitro replication system, using HeLa cell nuclei, was characterized for the 

study of chromatin replication. 
a DNA product, and this DNA was synthesized from active replication forks. The DNA replicated 
-- in vitro accumulated as immature DNA precursor fragments; the ligation functions are ex- 
tracted into the cytosol during cell fracrionation. 

The association of DNA replicated in vitro with nucleosomes was investigated by micro- 
coccal nuclease digestion. The in vitro DNA was degraded to 75-80% acid soluble material, 
compared to 50% in controls, indicating that half the new DNA is associated with histones. 
The nuclease-resistant DNA was shown to be associated with nucleosomes since early digestion 
products were multiples of the 180 bp unit particle and limit digest products were the com- 
plete set of oligonucleotides of 30-130bp, aKin controls. Analysis of the sizes of oligo- 
nucleotide digestion intermediates shared that nucleosomes are partitioned to one arm of the 
replication fork-. 

Since nuclei in vitro accumulated DNA precursor fragments, it was possible to isolate 
nucleoaome-associated Okazaki fragments and demonstrate the association of these precursors 
with the nucleosome. By denaturation of monomer. dimer, trimer and tetramer-sized double- 
stranded units of'in vitro DNA, the Okazaki fragment termini were shown to map outside the 
nucleosome. 

Isolated nuclei incorporated 3H-TTP for at least 30 min into 

446 PARTIAL PURIFICATION AND CHARACTERIZATION OF THE CENTROMERE REGION OF MOUSE CHROMO- 
SOMES, G. Krystal, J.B. Rattner and B.A. Hamkalo, Depts. of Mol. Biol. & Biochem. & 
Dev. & Cell Biol., University of California Irvine Ca. 92717 
Metaphase chromosomes prepared from mouse L?29 cells) by non-ionic detergent lysis af- 

ter colcemid arrest or shake-off exhibit distinct heterochromatic centromere regions with ass- 
ociated kinetochores when viewed by electron microscopy after preparation by the Miller proce- 
dure. Separation of chromosomes from debris by differential centrifugation, followed by DNase 
I treatment results in preferential digestion of chromosome arms; the material remaining, con- 
sisting of centeromeric heterochromatin and associated kinetochores as assayed by electron mi- 
croscopy, id utilized for biochemical analysis. Enrichment in centromere material after di- 
gestion is quantitated by the relative increase in 100,OOOxg pellets of the 1.691 satellite 
DNA known to be located at the centromere by in situ hybridization. Density gradient centrifu- 
gation of centromeric DNA suggests the existence of 2 or 3 satellites in addition to the 1.691 
band. The protein compositions of whole chromosomes and of centromeric fragments were compared 
by 2-dimensional gel electrophoresis after in vitro labelling with Na1251. 
ations before and after dissociation with SDS provides data on the total protein composition 
of kinetochore-centromere fragments and their 3-dimensional conformation. 
which surface proteins are labelled show enrichment for at least 3 polypeptides in the centro- 
mere region, and those labelled after dissociation exhibit approximately 5 to 10 polypeptides 
in the range of 20,000 to 60,000 daltons which appear to be unique to the kinerochore-centro- 
mere complex. Current studies are directed toward kinetochore purification and assignment of 
kinetochore-specific proteins (Research sup orted by NSF GB 41939;Am. Can. Soc.; NIH GM23241- 
01 to BAH and Natl. Can. Inst: of Canada to 8K). 

Labelling prepar- 

Preparations in 
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447 BIVALENT ASSXIATIONS OF C-HETEROCHROMATIN AT HUMAN MEIOTIC PROPHASE, Daniel J. 
c r i s c o l l  and Catherine C. Palmer, Dept. of Med. Genetics, Ind. U. Sch. of Med. 
Nonhomologous associat ions of chromosomal regions have been seen a t  meiosis i n  a 

var ie ty  of species. 
spermhtogenesis a t  pachynema. 
f o r  s u b f e r t i l i t y  and from orchiectomy for  pros ta t ic  cancer. 
with t h e  aceto orcein, Ciemsa, C-11, Q or C-band methods. 

of several  bivalents  in whlch the  heterochromatic regions coalesce and/or have t h i n  connec- 
t ions.  
t ions .  
observed between regions of similar or  d i f fe ren t  size.  Associations between bivalents  bear- 
ing 2 magenta areas ,  a magenta and a non-magenta area,  and 2 non-magenta areas were seen with 
t h e  G - 1 1  technique. These connections may reach long dis tances  across  t h e  nucleus. Occasion- 
a l l y  a bivalent  may be associated with t h e  sex vesicle .  Multiple associat ions may be seen 
with several  bivalents  connected a t  t h e  C-heterochromatin. 

and nonhomologous associat ions in meiotic prophase. Bivalent associat ions of f irst  meiotic 
prophase in species  with paracentromeric heterochromatin may play a ro le  in chromosomal 
or ien ta t ion  i n  meiosis. 

We have studied nonhomologous associat ions of heterochromatin in human 
Meiotic t i s s u e  was obtained by t e s t i c u l a r  biopsy performed 

The preparations were studied 

I n  many pachynema there  a r e  nonhomologous associat ions between the  C-heterochromatin 

C-banding was t h e  most useful  procedure f o r  demonstrating these  heterologous associa-  
The t h i n  filaments connecting t h e  heterochromatic regions of t h e  nonhomologs were 

The repe t i t ious  DNA of C-heterochromatin may be s igni f icant  in homologous pair ing 

448 Differen t ia l  fluorescent labe l l ing  of chromosomes and DNA with base p a i r  spec i f ic  
DNA binding an t ib io t ics ,  3 .  H. van de Sande aqd C.C. Lin, Division Med. Biochemistry 

The University of Calgary, Calgary, Alberta, Canada. 
l ike)  are  obtained by t rea t ing  human chromosomes with daunomycin or  adriamycin (Science, 190, 
61,  1975). Solution in te rac t ion  of these an t ib io t ics  with DNA of known base composition 
indicates  that  d i f f e r e n t i a l  fluorescent quenching by DNA regions with s p e c i f i c  base sequence 
arrangement can account f o r  the observed bands on chromosomes. The carbohydrate moiety of 
daunomycin, daunosamine, s t a b i l i z e s  the in te rac t ion  of t h i s  a n t i b i o t i c  with DNA o r  chromo- 
somes. but  i t  is not e s s e n t i a l  f o r  the appearance of f luorescent  bands. Recently, the G-C 
spec i f ic  DNA binding a n t i b i o t i c  olivomycin was found t o  produce c h a r a c t e r i s t i c  reverse 
f luorescent  banding pa t te rns  (R-bands) on human, bovine and mouse metaphase chromosomes. In  
solut ion,  the repeating polymer poly d(G-C) .d(G-C) enhances the olivomycin fluorescence, 
while the a n t i b i o t i c  fluorescence is not a f fec ted  by poly d(A-T).d(A-T). 
show an enhancement of fluorescence re la ted  t o  t h e i r  G-C content, which is an expression of 
the degree of binding of olivomycin t o  the  DNA's. 
of binding of quinacrine o r  daunomycin t o  DNA, where the binding is not sequence spec i f ic ,  
but the var iable  quantum eff ic iency is a function of h e  base composition a t  the binding 
s i t e .  These resu l t s  s t rongly support the suggestion tha t  nucleotide sequence arrangement 
along the chromosome is a primary determinant f o r  the appearance of f luorescent  bands. 
(Supported by the Medical Research Council of Canada). 

Orange-red f luorescent  bands (9-bands 

Natural DNA's 

This mechanism i s  d i f fe ren t  from the mode 

449 THE ROLE OF VARIANT HETEROCHROMATIN I N  INTERINDIVIDUAL DNA CONTENT VARIATION MEASURED 
BY FUIW-MICROFLUOROMETRY, Holger Hoehn and James Cal l l s ,  Div. Genetic Path., Univer- 
s i t y  of Washington Medical School, Sea t t le ,  Washington 98195 

Under standardized conditions of s ta in ing  t i m e ,  sample concentration and sample flow r a t e  

We obtained a cor re la t ion  coef f ic ien t  of 0.95 when we compared 
differences i n  sex-chromosome cons t i tu t ion  between individuals  can be readi ly  detected by 
flow-microfluoromtry (FMF). 
DNA content differences between a s e r i e s  of euploid and aneuploid individuals  with differences 
expected on the  bas i s  of s ing le  chromosome scanning microphotometry. 
evidence f o r  systematic e f f e c t s ,  on the FMF measurements, of d i f fe ren t  chromatin moieties 
(euchromatin vs. facul ta t ive  heterochromatin). 
genet ical ly  normal males and females by FMF, within group var ia t ion  of the respect ive DNA 
contents i n  the order of 1% w a s  observed. 
ing extreme posi t ions of the mean DNA content d i s t r ibu t ions  within a given group maintained 
t h e i r  respective posi t ions on subsequent runs. The ana lys i s  of the d i s t r i b u t i o n  of C-band 
heterochromatin i n  conventional karyotypes from these individuals  revealed no major d i f fe r -  
ences with respect  t o  the  number and s i z e  of C-band var iants .  A t  present ,  w e  a r e  analyzing 
the DNA content d i s t r ibu t ions  of male or female individuals  with enlarged or unusually small 
areas  of C-band heterochromatin of chromosomes 1, 9, 13-15, 16, 21-22 and Y. I f  no consis tent  
associat ions between C-band pa t te rn  and posi t ion within the DNA content d i s t r i b u t i o n  of a 
given sex can be made, other  reasons (e.g, f luc tua t ions  i n  nuclear shape, s t a i n  binding co- 
e f f i c i e n t s  dye permeability fluorescence quantum yie lds ,  e t c  .) f o r  the in te r ind iv idua l  DNA 
content v a h a t i o n  have t o  be'explored. 

These s tudies  gave no 

However, when we compared a s e r i e s  of cyto- 

In  addi t ion,  It w a s  found t h a t  individuals  occupy- 
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450 REGIONAL MAPPING OF THE MAJOR HISTOCOMPATIBILITY COMPLEX ON HUMAN CHROMOSOME 6, 
Uta Francke, Dept.Pediatrlcs, Univ.Calif.San Diego, La Jolla CA 92093, and 
Michele A. Pellegrino, Scripps Clinic and Research Foundation, La Jolla CA 92037. 

Interspecific somatic cell hybrids containing defined parts of human chromosomes 1 and 6 
were used for regional mapping of gene loci previously assigned to chromosome 6: the HLA re- 
gion (MHC) , phosphoglucomutase-3 (PGM ) and malic enzyme-1 (~~-11, and to chromosome 1: PGM~ 
and 6-phosphogluconate dehydrogenase 76-PGD) . 

Human fibroblasts containing a balanced reciprocal translocation between the short arms of 
chromosomes 1 and 6 [t(1;6) (p3200;p2100)1 were fused with an established Chinese hamster cell 
line. Hybrid clones segregating human chromosomes were studied for the presence of the trans- 
location chromosomes lT and gT and the normal homologues 1 and 6. Informative clones that had 
retained lT or gT, and three clones with the normal 6 and gT as controls,were analyzed for ex- 
pression of HLA-A antigens by a microabsorption test,and for expression of human PGM1, Pa3, 
ME-1 and 6-PGD by electrophoretic methods. The results indicate intrachromosomal mapping of 
the major histocompatiblity complex (MHC) in region 6pZlOMpter and of the genes for PGM3 and 
ME-1 in region 6p210Mqter. Genetic map distances as established by family studies, allow 
rather precise mapping of MHC and PGM3 near the translocation breakpoint in band 6~2100. 

On chromosome 1, our results indicate that the gene for PGMl maps in band lp31 proximal to 
the translocation breakpoint, while 6-PGD is located distal in region lp320Wlpter. 

Quantitative correlation between the density of HLA antigens on the hybrid cell surface and 
the number of copies of the respective HLA gene-bearing chromosome suggests'a gene dose effect 
for cell surface molecules, as it exists for intracellular gene products. 

451 CHROMOSOMAL RNA-DNA HYBRIDS, George T. Rudkin, The Institute for Cancer Research, 
Fox Chase Cancer Center, Philadelphia, PA 19111 
An antiserum specific for RNA-DNA hybdds Gtollar, 8 .  D., Science 169: 109, 1970) 

has been used to probe for such hybrid molecules in acetic acid fixed polytene chromosomes 
by means of an indirect irnmunofluorescence technique. The specificity of the immunocyto- 
chemical reaction was demonstrated by showing 1) that Drosophila melanogaster chromosomes 
subjected to denaturing conditions would not bind the antiserum. 2) that annealing 5s RNA 
to such denatured chromosomes caused antibody binding only at the locus of 5s RNA (56F on 
the right arm of chromosome 2) , and 3) that poly(rA) -poly(dT) blocks the reaction of this 
antiserum with in situ hybridized 55 RNA and with naturally occurring hybrids. 
were detected in chromosomes of salivary glands of the giant phenotype during the last four 
days of larval development and the first eight hours of prepupal development (25OC). 
most conspicuous positive reactions were in puffs, such as at three prominent sites on the 
right arm of chromosome 3, although Other sites on the third and on other chromosomes also 
gave a positive reaction at some time (or times) in development. Many puffed regions dis- 
played no hybrids while some regions in which no puff was visible gave positive reactions, 
in some places apparently in bands, in others seemingly in interband regions. A unique 
distribution of hybrid sites appears to be characteristic of a developmental stage. 

Hybrids 

The 

452 SILVER STAINING AS A POSSIBLE INDICATOR OF ACTIVE NUCLEOLUS ORGANIZER REGIONS IN 
NORMAL AND NEOPLASTIC HUMAN CELLS. Hubbell, H. R., Lau, Y. -F. and Hsu, T. C., 

Section of Cell Biology, The University of Texas System Cancer Center M. D. Anderson Hospital 
&Tumor Institute, and The Graduate School of Biomedical Sciences, Houston, Texas 77030. 

Recenf investigations have employed anrmoniacal or aqueous silver nitrate to 
specifically stain the nucleolus organizer regions (NORs) in the chromosomes of several 
species. Studies of man-mouse hybrids, in which only mouse 285 rRNA is found in the 
cytoplasm, show that only the mouse NORs are stained with silver (Miller, &., 1976). We 
have studied the NORs of 14 aneuploid human tumor lines to further elucidate the relationship 
between silver staining and active NORs. If the multisomy of chrmosmes and chromosomal 
segments, commonly seen in tumors, is more or less random, the increase in the NORs should 
be roughly proportional to the stemline number. In all of the tumor cell lines, the modal 
number of Ag-NORs was approximately the same as that found in normal human lymphocytes, 
although the stemline number varied. 
followed by silver staining, indicated that all D and G group chromosomes with stalks also 
stained with silver. In D and G chromosomes without visible stalks, silver staining may be 
present. Cell cycle analysis, using Hoechst 33258 to stain RNA, shows that silver-staining 
material is present during the active transcription of the rRNA genes throughout interphase, 
but is dispersed, as is the nucleolus, just before and after mitosis. Our results indicate 
that silver nitrate may be able to identify metaphase NORs which were active in rRNA 
transcription.(Supported in part by PHS Training Grant No. CA-05047 from NCI and Research 
Grant VC 21 from ACS.) 

Conventional Giemsa staining of control metaphases, 
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453 EVIDENCE FOR THE G E N F 2 I C  ACTIVITY OF BOTH X-CHROMOSOMES I N  FFMALE TERATOCARCINOMA 
STEM CELLS, G a i l  R .  Martin, Shaul Yatziv, Michael Bishop, Shir ley C l i f t ,  
Charles J. @ste in  and David W. Martin, Jr., The University of Cal i fornia ,  
San Francisco, Cal i fornia  94143. 
Undifferentiated stem c e l l s  have been i so la ted  from a spontaneous ovarian 

teratocarcinoma i n  the  LT s t r a i n  of mouse. The l e v e l s  of both X-linked and 
autosomal enzymes have been measured i n  these c e l l s  and compared with t h e  leve ls  
i n  male teratocarcinoma stem c e l l s  i so la ted  from spontaneous t e s t i c u l a r  oi- 
embryo-derived teratocarcinomas. 
has been found t o  be twice t h a t  i n  the male c e l l s  f o r  t h e  X-linked enzymes G6PD, 
HGPRTase and alpha-galactosidase. 
and male c e l l s  f o r  all autosomal enzymes t e s t e d  ( I C D H ,  6PGD, beta-galactasidase, 
beta-glucuronidase, e t c ,  1. 
indicate  t h a t  these  r e s u l t s  a r e  not due t o  i n t r i n s i c  s t r a i n  differences between 
t h e  c e l l s .  
i n  the  LT c e l l s ,  both X-chromosomes a r e  genet ical ly  ac t ive .  
be made t o  d i f f e r e n t i a t e  i n  a manner which p a r a l l e l s  normal mouse embryogenesis 
-- i n  v i t r o ,  experiments a r e  current ly  i n  progress t o  determine whether or  not t h e  
c e l l s  can undergo X-chromosome inact ivat ion i n  v i t r o ,  and i f  s o ,  at what s tage 
i n  the  d i f fe ren t ia t ive  sequence t h i s  process occurs. 

The leve l  of enzyme a c t i v i t y  i n  t h e  female c e l l s  

In cont ras t ,  t h e  leve ls  a r e  t h e  same i n  the  female 

Control experiments using l i v e r s  from adul t  mice 

These r e s u l t s  have therefore  been interpreted a s  indicat ing tha t  
Since t h e  c e l l s  can 

454 SOMATIC CELL DANAGE AND ADJWANT CANCER TREATMENT; A GROWING DILEMMA. 
John E. Byfield, University,,of California, San Diego, Calif. 92103 
The growing enthusiasm for adjuvant" cancer therapy,i.e. aggressive 

multi-modal treatment early in the disease course with increased paLient cure 
as its goal, is laudable but may introduce a new spectrum of human genetic" 
diseases. All useful anti-cancer agents lead to lethal cell damage but most 
(all?) non-cycle specific drugs also induce sub-lethal damage of a non-onco- 
genic nature. Particularly troublesome are the intercalating agents (Act D, 
adriamycin etc.) and the alkylating agents, all of which stimulate extensive 
DNA repair mechanisms in both normal and malignant cells. These repair mechan- 
isms include both endonucleolytic and/or excision steps or a mix of the two. 
In somatic cells such mechanisms may be incomplete leading to varying degrees 
of genetic damage. A functional result of this pattern appears to be chronic 
organ failure. Cardiotoxicity from the anthracyclines, marrow failure from 
x-rays or alkylating agents, lung damage from bleomycin, and diabetes froro 
streptozotocin are examples of such "diseases". As the number of useful drugs 
increases and the population at risk expands, new "diseases" are likely to em- 
erge. A central problem in reducing this hazard is the quantitative variation 
in repair activity found when species are compared which may hamper the devel- 
opment of animal models. The molecular mode of action of several useful drugs 
will be demonstrated and their somatic "disease" outlined as illustrations. 

455 AN ALTERNATE MODEL FOR THE PREDOMINANCE OF NON-SISTER CHROMATID EXCHANGE DURING 
MEIOSIS, Rolf Mertin, Dept. of Chemistry, Brooklyn College, Brooklyn, NY 11210 
Previous investigations have indicated that the frequency of sister chromatid 

exchange during meiosis "is insignificant, or well below" that of homologous (non-sis- 
ter) exchange (see Egel, R., 1973). 
asymmetric, DNA synthesis. I would like to describe an alternate model: the predominance 
of non-sister exchange may be a consequence of DNA repair mechanisms which mediate the 
transfer of sequence informtion between homologous chromosomes during synapsis. Such 
a repair system may be helpful or even necessary t o  control the accumulation of those 
kinds of genetic lesions that cannot be corrected by recombinationa~ repair involving 
sister chromatids. As noted previously (Mertin, R., 1976), this mechanism may help to 
explain certain aspects of aging and rejuvenation in microorganisms and germinal cells. 
Evidence concerning the relationships between DNA damage, pachytene DNA synthesis, gene 
conversion and recombination is taken into account. The organization and timing of m e i -  
otic processes are also discussed in this context. 

Egel has suggested that this may be due to locally 
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456 EVIDENCE FOR SISTER CHROMATID EXCHANGE INVOLVING HALF HELICES OF DNA FOLLOWING 
TREATMENT OF CHROMOSOMES WITH MITOMYCIN C,  Herman E .  Wyandt and Ann Nicholas,  
Universi ty  o f  Oregon Health Sciences Center,  Port land,  Oregon 97201. 

S i s t e r  chromatid exchanges (SCE) a r e  evident  i n  chromosomes t h a t  have gone through two r e p l i -  
ca t ion  cycles  i n  BrdU and a r e  then s t a ined  with Hoechst 3325 ( L a t t ,  1973). 
exchange is  an a l l  or none phenomena with complementary l i g h t  and dark p a t t e r n s  invloving t h e  
two chromatids.  We have found t h a t  occasional ly ,  a f t e r  two r e p l i c a t i o n s  i n  BrdU i n  t h e  p re s -  
ence of mitomycin C,  s i s t e r  chromatids do not show t h e  t y p i c a l  complementary pa t t e rn .  
both chromatids a r e  l i g h t l y  or  darkly s ta ined over i d e n t i c a l  regions.  
p a t t e r n  can t h e o r e t i c a l l y  occur if exchange has  involved only half  of t h e  DNA p e r  chromatid 
during t h e  preceding r e p l i c a t i o n .  
e f f e c t  of mitomycin C .  

Normally such 

Ins t ead ,  
This asymmetrical 

These p a t t e r n s  appear t o  be r a r e  and may r ep resen t  a unique 

456A GIEMSA COMPONENTS I N  G-BANDING, Herman E. Wyandt and Ruth S. Anderson, Universi ty  
o f  Oregon Health Sciences Center,  Port land,  Ore. 97201 

Dye components of Giemsa, including azures  A ,  B and C ,  methylene b lue ,  t o lu id ine  blue and 
th ion in  were s tud ied  f o r  t h e i r  a b i l i t y  t o  g ive  chromosome handing following t reatments  with 
heat ,  a l k a l i n i t y ,  t ryps in  and var ious rou t ine ly  used G-banding procedures. G-banding w a s  
achieved by a l l  of t h e  dyes,  without any s p e c i a l  t reatment  of chromosomes, i n  t h e  above de- 
scending o rde r  of qua l i t y .  
phate) were c r i t i c a l .  
qua l i t y  of banding by t h e  d i f f e r e n t  dyes.  
human chromosome no.9 were measured i n  s i t u  following var ious t reatments  and s t a i n i n g  proce- 
dures.  Three separate  phenomena were observed: (1) a s h i f t  i n  spec t r a  between band and in-  
terband regions;  ( 2 )  a difference i n  s t a i n i n g  i n t e n s i t y ;  ( 3 )  a combination of (1) and (2). 
Azure B, f o r  example, showed a s h i f t  from 575 nm t o  550 nm ( f o r  band and interband regions 
r e spec t ive ly )  a f t e r  no t reatment  or a f t e r  t reatment  with t ryps in .  Treatment of chromosomes by 
ASG (hea t - sa l ine )  technique o r  with 7OoC temperature,  followed by s t a i n i n g  with azure B ,  show- 
ed no absorpt ion s h i f t ,  but  d id  show i n t e n s i t y  d i f f e rences  ( i . e . ,  a t  580 nm). 
t o lu id ine  blue a f t e r  similar t reatments  showed i n t e n s i t y  d i f f e rences  between band and i n t e r -  
band regions,  but  no s h i f t s  i n  absorpt ion.  These r e s u l t s  v e r i f y  s u b t l e  d i f f e rences  i n  mech- 
anisms involving polymerization (s ide-s tacking)  of dye and/or ex t r ac t ion  of chromosomal 
components 

The concentrat ions of dye (0.003-.005%) and buffer (.O5M phos- 
Various rou t ine ly  used G-banding procedures d id  not  a l t e r  t h e  r e l a t i v e  

Absorption spec t r a  of band and interband regions of 

Resul ts  with 

depending on t h e  dye or  treatment used. 

457 THE INDUCTION OF SISTER CHROMATID EXCHANGES (SCEs) I N  PHA-STIMUUTED HUMAN 
LYMPHOCYTES BY MITOmCIN C (MMC), Raymond Tice and Yutaka I s h i i ,  Medical Research 
Center, Brookhaven National Laboratory, Upton, New York 11973 
A t  l e a s t  one type of SCE has been suggested t o  s t rong ly  c o r r e l a t e  with a post-  

r e p l i c a t i o n  type of r epa i r  event i n  mammalian c e l l s .  To a s ses s  the  u t i l i t y  of SCE 
measurements f o r  de t ec t ing  acquired o r  i nhe r i t ed  abnonnal DNA r epa i r  capab i l i t y  among 
humans, MMC-induced SCEs, abe r ra t ions ,  and c e l l u l a r  i nh ib i t i on  were measured i n  PHA- 
st imulated human lymphocytes under a v a r i e t y  of experimental  condi t ions.  
a wide range of MMC concentrat ions,  dose du ra t ions  and t iming e f f e c t s ,  poss ib l e  
s e n s i t i z a t i o n  by bromodeoxyuridine, and dependency on c e l l  number and r e p l i c a t i v e  h i s to ry .  
Resul ts  i nd ica t e  t h a t  t h i s  system when compared with other  cytogenet ic  techniques f o r  
a s ses s ing  DNA r e p a i r  capab i l i t y  o f f e r s  g r e a t e r  f l e x i b i l i t y  and increased r e so lu t ion  while  
providing information concerning both threshold and s a t u r a t i o n  responses.  

We i nves t iga t ed  
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458 ACCENTUATED ACROCENTRIC INTERCHROMOSOMAL CONNECTIONS IN BRDU TREATED HUMAN 
LYMPHOCYTES Karen Kurvink and Jaroslav Cervenka, University of Minnesota, 
Minneapolis, Minnesota, 55416.  

Lymphocytes treated in vitro with lO-5M of BrdU (bromodeoxyuracil) for sister chromatid 
differenti’al staining demonstrate accentuated acrocentric interchromosomal connections 
compared to regular chromosome preparations. 
Giemsa stain. If the slides are destained and restained for N (NOR) bands, the inter- 
connections and satellites stain the same dark color. 

These interconnections stain clearly with 

Additional evidence for accentuation of the interconnections comes from observations of 
In the BrdU treated cultures occasional pulverized chromosomes are pulverized chromosomes. 

present. They are usually acrocentric chromosomes. 
interconnected group of acrocentrics, the entire cluster will be pulverized. 

condition of acrocentric chromosomes before exposure to routine harvesting and slide 
preparation. The variability of the acrocentric satellites (as well as their presence or 
absence) could reflect length differences in the interconnected segment as well as varied 
breakage sites. 
which probably recoil--perhaps forming the satellites. 

If the chromosome is a member of an 

It is probable that the observed interchromosomal connections represent the normal 

Rupturing of the interconnecting segment would produce dangling tails 

INVERTED REPETITIVE SEQUENCES IN TIiE PAT GENOPm, James W. Posakony. William R. 
Pearson, Jung-Rung Wu and James Bonner, Div. of Biol., CA Inst. of Technol., 
Pasadena, CA 91125 

Approximately 6% of the rat genome consists of sequences whose inverted complements alep’esent 
on the same DNA strand. These sequences form duplexes by a relatively rapid first-order re- 
action. Such “foldback“ duplexes are isolated by renaturing long (>lo kb) DNA fragments to 
very low Cot ( < . O O O 5 ) ,  digesting single-stranded tails and loops withS-1 nuclease,and collect- 
ing the resistant DNA on hydroxyapatite. After shearing, the complexity and repetitjon frquen- 
cy of this fraction were investigatedby self-renatureion and @annealing to a large excess of 
whole rat DNA, respectively. The results indicate that at least 60% of foldback duplex DNA in 
the rat consists of moderately repeated sequencm. Furtherma-e,as determined by Biogel A-50 
chromatography, the size distribution of S-1 resistant dupleles after renabration to Cot 0.OOG 
is quite similar to that of the S-1 resistant DNA at Cot 5. In particular, there is in both 
cases an apparertly discrete class of sequences of 250-450 nucleotides h g .  Finally, prelbi- 
nary results from experiments in which repetitive DNA is used to drive labeled folaack duplex DPA 
are consistent with a considerable degree of sequence homology between these two fractions. 
These observations appear to suggest that the majority of foldbak sequences in t k  rat genome 
are very similar to theordinary repetitive seqwnces, the major distinguishing characteristic 
being their inverted pattern of repetition. Indeed, some of the mechanisms postulated for the 
generation of ordinary repeats in higher genomes could also yield inverted repetitive se- 
quences. A more detailed examination of the relationships between ordinary and inverted re- 
peats is in progress. 

459 

460 CHROMOSOME AND PROTEIN EVOLUTION IN THE EQUIDAE, Oliver A .  Ryder, 
Naomi C. Epel, Arlene T. Kumamoto and Kurt Benirschke, Research Dept., 
San Diego Zoo, San Diego, CA 92112 
The horse family, Equidae, consists of seven species including the 

domestic horse, Equus caballus, the Przewalski’s wild horse, E. przewalskii, 
the donkey, E. asinus, the so-called wild asses, 5. hemionus, and three 
species of z & r T b u r c h e l l i ,  E. grevyi, and E. zebra. The diploid 
chromosome numbers-vary rom n=66 in E. r z e w a T s k m  2n=32 in E. zebra 
hartmannae. G- banded, Cfbandid, an2 Ag- A b a r y o t y p e s  of Fhe-ous 
Equidae species will be compared. Plasma protein electrophoresis in 
polyacrylamide gels has been performed in order to establish genetic distance 
estimates among present-day equine species. The phylogenetic data derived 
from the gel studies may be utilized to assess the rate of karyotypic changes 
within this taxon. 

This work was supported by the Zoological Society of San Diego, the 
Bank o f  America-Giannini Foundation, and the National Institutes of Health. 
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RELATIVE ITERATION FREQUENCY OF RIBOSOMAL GENES AS DETERMINED BY I N  5ITU MOLECULAR 
HYER!DIZATION. Loh-chung Yu, Paul Szabo, and V o l f  Prensky. S l o a F K X G r i n g  
I n s t i t u t e ,  New York, New York 10021. 

Iod ina ted  5s and 18 + 28s RNA's were annealed t o  human and domestic c a t  chromosomes, and t o  
f i l t e r  bound DNA f rom these species.  
i n g  the  concent ra t ion  o f  t he  probe i n  the  r e a c t i o n  m ix tu re .  
known t h a t  5s rRNA genes a re  l oca ted  on chromosomes 13, 14, 15, 21 and 22. I n  the  c a t  we 
found the  5s rRNA genes on one p a i r  o f  t he  D group chromosomes (p robab ly  D3 o r  D4), and the  
18 + 285 genes on the  E l  chromosome p a i r .  
For q u a n t i t a t i v e  measurement o f  t he  ex ten t  o f  i n  s i t u  h y b r i d i z a t i o n ,  g r a i n  counts were taken 
from the  re levan t  human and c a t  chromosomes. n e d a t a  showed t h a t  t he  c a t  has about 2X the  
number o f  5s genes and 3X the  number o f  18 + 28s genes per  qenome as compared t o  the  human. 
These observat ions were repeated and reproduced by RNA:DNA h y b r i d i z a t i o n  t o  DNA bound t o  
n i t r o c e l l u l o s e  f i l t e r s .  
Th i s  study demonstrates the  f e a s i b i l i t y  o f  s tudy ing  the  r e l a t i v e  concent ra t ion  o f  mammalian 
DNA sequences by i n  s i t u  h y b r i d i z a t i o n .  Studies have been i n i t i a t e d  t o  measure the  concen- 
t r a t i o n  o f  55 DNA i n  man. 
va r ies  among i n d i v i d u a l s .  

The ex ten t  o f  hyb r id  fo rmat ion  was c o n t r o l l e d  by vary- 
I n  t h e  human genome i t  was 

Pre l im ina ry  evidence suggests t h a t  t he  number o f  55 DNA copies 

462 NUCLEASE-RESISTANT CHROMATIN DNA: A GC-RICH, EIGH MOLECULAR WEIGHT COMPONENT 
SHOWING FIOLUTIONARY CONSERVATION, Kenneth A. Marx, Worcester Foundation for 
Experimental Biology, Shrewsbury, MA 01545 
A small fraction of mouse liver chromatin DNA ( <  1%) remains resistant to digestion 

by micrococcai nuclease under conditions where the remaining chromatin DNA is digested pre- 
dominantly to monomer units (about 200 base pairs or 1.3 x lO5d). 
chromatin DNA is of high molecular weight ( >  1 x 107d) and appears to be largely a single GC- 
rich component based upon its CsCl buoyant density (1.715 g/cm3) and Tm (78OC in .018 M Na+) 
relative to total chromatin DNA. A labeled cRNA copied from this DNA template was used as 
a tracer in DNA driven hybridization reactions. Hybridization of a consistent sizable 
fraction of the tracer (LO%) proceeded bi-molecularly and was complete before a driver DNA 
Cot of 40. 
hybridized, indicating that the nuclease-resistant mouse chromatin DNA fraction is highly 
conserved. To examine the trivial possibility that this DNA represented ribosomal genes, 
hybridization was carried out in the presence of mouse ribosomal RNA at a 1OOO:l mass excess 
over the rDNA sequences. This did not compete out the formation of tracer cRNA:DNA hybrids, 
demonstrating that the origin of this fraction is other than condensed rDNA chromatin. One 
possible biological function of such a conserved high molecular weight chromatin DNA fraction 
might be to organize the centromere. To test this hypothesis the nature of a similar DNA 
fraction in humans is currently being investigated for comparison and for use in cytogenetic 
studies. 

The nuclease-resistant 

When the tracer was driven with Drosophila DNA (Cot of 50) a similar proportion 

(Supported by a Muscular Dystrophy Association of America, Inc. fellowship). 

463 
Texas, 79409. 

High levels of thymidine will inhibit the growth of V79 Chinese hamster cells, and the 
level of resistance of the wildtype cells increased gradually over a one year period. This 
was demonstrated by experiments in which the resistance level was determined on several dif- 
ferent occasions followed by retesting of the original line. The spontaneous mutation rate 
of thymidine resistance was determined both by the Luria-Delbruck fluctuation test, and the 
clonal variance test of Szybalski. Resistant mutants were stable, and occurred at rates 
ranging 1.5 x 10-2 to 5.3 x 10-4 per cell per generation. The mutation rate was higher at 
lower thymidine concentrations, and resistant mutants were stable for long periods in the ab- 
sence of the selecting agent. Discrete classes of mutants were not observed, but rather a 
broad spectrum of variants was detected. Mutagenesis tests with UV showed a slight increase, 
while ethyl methane sulfonate and ethidium bromide were ineffective as mutagens. 

ance was not due to variation in thymidine kinase levels, but rather was due t o  an alteration 
in the rate of uptake of thymidine as shown by experiments employing this radiolabelled pre- 
cursor. There was an inverse correlation between the rate of uptake and the level of thymi- 
dine resistance. Thymidine resistance in Hamster cells has properties not observed in other 
systems, and further experiments, including cell hybridization, will be required to resolve 
its genetic nature. 

GENETIC BASIS OF THYMIDINE RESISTANCE IN CULTURED HAMSTER CELLS, John Morrow and 
Douglas Stocco, Dept. of Biochem., Texas Tech University School of Medicine, Lubbock, 

Extensive testing far mycoplasm was negative. The biochemical basis of thymidine resist- 
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ISOCHROMOSOME FORMATION: A GENERAL MODEL, D.L. Van Dyke, ! I .  Logan, L. Weiss,  

Karyotyping was performed on a young boy w i t h  mental  r e t a r d a t i o n ,  hype rac t -  
464 G.S. P a i ,  Henry Ford H o s p i t a l ,  D e t r o i t ,  MI 48202 

i v i t y ,  and s t r a b i s m u s .  Three c e l l  l i n e s  were found. 30 c e l l s  e x h i b i t e d  a normal 
ka ryo type  and 54 had a n  e x t r a  E-group-sized a c r o c e n t r i c  w i th  s a t e l l i t e s  on bo th  t h e  
long  and s h o r t  arms. Twenty o t h e r  c e l l s  each  had,  i n  a d d i t i o n  t o  t h e  f i r s t  marker 
( M l ) ,  a t i n y  b i s a t e l l i t e d  chromosome (M2). 3 0 t h  ends  o f  M 1  and M2 p a r t i c i p a t e d  i n  
a c r o c e n t r i c  a s s o c i a t i o n s .  C-banding showed t h a t  bo th  marke r s  were d i c e n t r i c ;  how- 
e v e r  M1 had o n l y  one  p r imary  c o n s t r i c t i o n .  Thus one  cen t romere  was a p p a r e n t l y  
i n a c t i v e ,  a n a l o g o u s  t o  t h a t  s een  i n  c e r t a i n  tandem X-X t r a n s l o c a t i o n s  and X isochrom- 
osomea. G-, C-,  and ?-banding d a t a  were c o n s i s t e n t  w i th  t h e  d i c e n t r i c s  hav ing  o r i g -  
i n a t e d  from chromosome 15 m a t e r i a l ,  r e s u l t i n g  i n  a p a r t i a l  t e t r a somy 15 syndrome. 

We s u g g e s t  t h a t  M 1  was an  isochromosome d e r i v e d  from a breakage and  homologous 
chromatid f u s i o n  i n  t h e  p rox ima l  long arm of  chromosome 15 d u r i n g  me ids i s .  T h i s  
produced a symmet r i ca l  i s o d i c e n t r i c  chromosome, p l u s  one o r  two a c e n t r i c  f ragments .  
M2 t h e n  r e s u l t e d  from a d i c e n t r i c  b r idge -b reak - syn thes i s - r eun ion  phenomenon d u r i n g  
m i t o s i s .  

o n l y  a s i n g l e  exchange e v e n t  d u r i n g  a p a r e n t a l  m e i o s i s .  M o d i f i c a t i o n  o f  t h e  model t o  
exchange between sister ch romat ids  can e x p l a i n  t h e  o r i g i n  o f  d i c e n t r i c  X or Y 
isochromosomes i n  s u b j e c t s  w i t h  no normal  c e l l  l i n e .  

T h i s  g e n e r a l  model f o r  t h e  e v o l u t i o n  o f  e x t r a  d i c e n t r i c  isochromosones r e q u i r e s  

465 UV-IRRADIATION STUDIES I N  MOUSE MYELOMA CELLS, Tatsuo Matsushita and Aaron D. 

Argonne, I L  60439 
Mouse tumor l i n e s  a r e  i n e f f i c i e n t  i n  removing pyrimidine dimers and have been 

.Simms,. Division of Biological  and Medical Research, Argonne National Laboratory,  

reported to ' be  excis ion r e p a i r  d e f i c i e n t .  
been wel l  defined i n  t h e i r  excis ion r epa i r  capaci ty .  We a r e  studying W mutagenesis i n  the 
mouse myeloma subclone 6 6 . 2  of the  MPC 11 c e l l  l i n e  (Kuehl, W. M. and Scharff ,  M. D., J. Mol. 
B i o l .  [ 1 9 7 4 ]  E, 409) using ouabain-resis tant  v a r i a n t s .  
6 6 . 2  c e l l s  a r e  being examined f o r  su rv iva l  a f t e r  UV i r r a d i a t i o n ,  exc i s ion  of pyrimidine 
dimers, and g r o s s  chromosome changes (karyotype analyses) .  
determined by th ree  methods: s o f t  agar c loning,  v i ab le  c e l l  counting by trypan blue s t a i n i n g ,  
and e l ec t ron ic  c e l l  number counting. Both c e l l  number and s i z e  a r e  measured with a Coulter 
Counter mu1 tichannel analyzer system using a sensing ape r tu re  50 um in diameter (Kubitschek, 
H .  E .  and Claymen, R .  V . ,  J .  Bac te r io l .  [1976]  127, 1 0 9 ) .  The pe r s i s t ence  of  pyrimidine 
dimers i n  UV-irradiated myeloma c e l l s  i s  determined by gen t l e  ex t r ac t ion  of DNA, t reatmevt 
of the DNA with crude K. luteus W-endonuclease e x t r a c t ,  and a lka l ine  sucrose g rad ien t  
cen t r i fuga t ion .  
(Work supported by the  U. S .  Energy Research and Development Administration.)  

Mouse myelomas a r e  end c e l l  tumors which have not 

Both ouabain v a r i a n t s  and wild-type 

Survival  a f t e r  W i r r a d i a t i o n  is 

466 ROTATIONAL MOBILITY OF NON-HISTONE PROTEINS I N  CHROMATIN, B.L. Malchy, G.B. 
Strambini and W . C .  Galley,  Dept. of Biochemistry,  Queen's Universi ty  and Dept. of 
Chemistry, McGill Universi ty .  
Non-histone p ro te ins  a r e  a highly heterogeneous group of nuclear  components. While 

I n  t h e  
some of t hese  p ro te ins  a r e  enzymes involved i n  gene expression, o the r s  may play a more s t ruc -  
t u r a l  r o l e  as con t ro l  elements Taintaining t h e  s t a t e  of d i f f e r e n t i a t i o n  of t h e  c e l l .  
present  s tudy,  t h e  r o t a t i o n d  mobil i ty  of t hese  p ro te ins  as a general  c l a s s  has  been monitored 
from measurements of t h e  anisotropy of  t h e  phosphorescence of chromatin-in highly viscous 
solvents .  Using t h e  tryptophane emission, which serves  as a spec i f i c  marker f o r  non-histone 
p ro te ins ,  t h e  l i f e t i m e s  aha an i so t rop ie s  of t h e  phosphorescence were measured from -lOO°C t o  
room temperature i n  70% (w/w)  g lyce ro l  - water .  
corrected f o r  v a r i a t i o n s  i n  t h e  l i f e t i m e s  and a t r a n s i t i o n  i n  t h e  l ifetime-normalized an i so t -  
ropy was observed between -70 and -2OOC. The midpoint of t h e  t r a n s i t i o n  which corresponds t o  
a r o t a t i o n a l  co r re l a t ion  t ime of 3 sec.  occurs a t  about -52'C. 
t h i s  temperature would suggest t h a t  i f  t h e  average r eo r i en t ing  u n i t  were a r i g i d  sphere i n  
t h i s  solvent  it would possess a hydrodynamic volume corresponding t o  a r ad ius  of g r e a t e r  
t han  200A'. These da t a  ind ica t e  t h a t  t h e  bulk of t h e  non-histone p ro te ins  cannot be under- 
going motions as e s s e n t i a l l y  f r e e  p ro te ins  but a r e  hindered i n  t h e i r  motions as a consequence 
of macromolecular i n t e rac t ions .  The r e s t r i c t i o n s  t o  r o t a t i o n a l  freedom implied i n  t h e  l a r g e  
"apparent hydrodynamic volume" would suggest t h a t  a s i g n i f i c a n t  f r a c t i o n  of non-histone pro- 
t e i n s  a r e  involved i n  a degree of organizat ion which i s  higher  t han  t h e  nu bodies  observed by 
e l ec t ron  microscopy. 

The s teady s t a t e  anisotropy values  were 

A v i s c o s i t y  of 380 poise  a t  
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Wheeless, Jr . ,  Department of Pathology, Universi ty  of Rochester School of Medicine and Den- 
t i s t r y ,  Rochester, N Y  14642 

Sl i t -scan cytofluorometry provides f luorescence contours of c e l l s  as they pass a sl i t  
ape r tu re  o r  a narrow band of exc i t i ng  l i g h t .  
nucleus diameter,  nuc lea r  f luorescence,  and o the r  low re so lu t ion  morphological information 
(Wheeless, L .  L. Jr. ,  Pat ten,  S. F. Jr.,  and Cambier, M. A. ,  Acta Cytol. (1975) 2, 460). 
Acridine Orange (AO) o r  Propidium Iodide (PI) s t a i n i n g  of ex fo l i a t ed  c e l l s  from the human 
female g e n i t a l  t r a c t  r e s u l t s  i n  nuclear  and cytoplasmic fluorescence.  
c l a s s i f i e d  on t he  b a s i s  of morphology, then s l i t -scanned f o r  t o t a l  nuclear  f luorescence 
i n t e n s i t y ,  abnormal c e l l s  a r e  found t o  give values  from two t o  t en  t imes the  mean value f o r  
normal d ip lo id  c e l l s .  
(Bohm, N.. and S a n d r i t t e r ,  W. ,  Current Topics i n  Pathology (1975) 60, 152) but  t h i s  apparent 
increase i n  DNA content  is not  s u f f i c i e n t  t o  account f o r  the observed inc rease  i n  nuc lea r  
fluorescence a f t e r  A0 o r  P I  s t a in ing .  
both normal and abnormal c e l l s  a r e  cons i s t en t  with the hypothesis  t h a t  DNA is the s u b s t r a t e  
binding A0 and P I .  It appears t h a t  t he  chromatin of abnormal c e l l s  i s  a l t e r e d  i n  such a 
way a s  t o  a l low more A0 o r  P I  binding pe r  un i t  of DNA. 

CYTOFLUOROMETRIC AND CYTOCHEMICAL COMPARISONS OF NORMAL AND ABNORMAL HUMAN CELL 
CHROMATIN, James E. G i l l ,  Carol Hanna-Madden, Richard J. Marisa, and Leon L. 

These contours a r e  analyzed f o r  c e l l  diameter,  

When cells a r e  

Abnormal c e l l s  o f t en  have increased nuclear  Feulgen absorpt ion 

Fluorescence emission spec t r a  from t h e  n u c l e i  of 

4& ANALYSIS OF DNA PURIFIED BY DNA B I N D I N G  NHC-PROTEINS. S. Tas i ,  L. L. Jagodzinski  and 
J. S .  Seva l l ,  Chemistry Dept. Texas Tech Univ., Lubbock, TX 79409. 
FurtfFfat ion of a c l a s s  of rat l i v e r  nonhistone chromosomal polypept ides  which have a 

I n i t i a l  cha rac t e r i za t ion  ind ica t e s  a 200,000 MW complex consis- 
A crude p ro te in  f r ac t ion  

p r e f e r e n t i a l  a f f i n i t y  f o r  rat DNA has  been accomplished by ion exchange, molecular s e iv ing  
and a f f i n i t y  chromatography. 
t i n g  of a 50,000 PIW polypeptide which p r e f e r e n t i a l l y  binds ra t  DNA. 
can f r ac t iona te  the  rat genome by removal of the p ro te in  bound DNA sequences t h a t  are r e t a ined  
on n i t r o c e l l u l o s e  f i l t e r s .  
DNA is  i s o l a t e d  as p ro te in  bound DNA. 
r e s t r i c t e d  fragments t o  350bp s i z e  allowed DNA r eas soc ia t ion  k i n e t i c s  t o  be followed. Second 
order  r eac t ion  curves were f i t  t o  i nd iv idua l  components of each r eas soc ia t ion  curve. The 
bound DNA w a s  represented by th ree  components: 19.1% reas soc ia t ing  very f a s t ,  33.1% reassoci-  
a t i n g  with a Cot% of 0.0585, and a slow component of 40.3% with a Cot4 of 588.2. 
r a t  DNA sequences a r e  comprised of four  components: a f a s t  (9%), two moderate components 
(17.6% of Cot4 0.93 and 12.2% of Cot4 145),  and a slow component (58.1%; Cot4 2460). The 
unbound DNA shows similar r eas soc ia t ion  components as t o t a l  r a t  DNA. DNA excess r eas soc ia t ion  
of t o t a l  rat DNA and t r ace  amounts of labeled bound DNA ind ica t e  we have enriched f o r  sequen- 
ces t h a t  are rap id ly  r eas soc ia t ed  and moderate r e p e t i t i v e  DNA sequences in t h e  f a s t  component 
of intermediate  r e p e t i t i o u s  sequences. These r e s u l t s  suggest t h a t  a c l a s s  of r a t  l i v e r  NHC- 
p ro t e ins  can i n t e r a c t  with a subset  of DNA s i t e s  which can be i s o l a t e d  f o r  f u r t h e r  ana lys i s  
of protein-DNA i n t e r a c t i o n s  
Supported by: 

A t  p ro t e in  t o  DNA mass r a t i o s  of 3:1, 20% EcoRI r e s t r i c t e d  rat  
In v i t r o  l abe l ing  wi th  DNA polymerase I and shear ing 

The t o t a l  

National Sci ince Foundation BMS-75-09232 and USPHS DHEW-NIH-GM-22653 

469 PRODUCTION OF HUMAN-MOUSE HYBRIDS FOR REGIONAL MAPPING OF HUMAN CHROMOSOME 5 ,  
Donna L. George and Uta Francke, Dept. Ped ia t r i c s ,  Univ. Ca l i f .  San Diego, 
La J o l l a ,  CA 92093 
Human leukocytes containing a balanced t r ans loca t ion ,  cons i s t ing  of t h e  i n s e r t i o n  

of a region from t h e  chromosome 5 long arm i n t o  t h e  long arm of a chromosome 3 [46,XY, 
t (315)  (q27;q13q15)1, were fused t o  mouse 3T3 (TK-) c e l l s  and hybrid clones i s o l a t e d  i n  
HAT s e l e c t i v e  m e d i u m .  
trypsin-Giemsa banding. 
t a in ing  the  3q+ chromosome were informative f o r  r eg iona l  mapping of genes assigned t o  
chryosome 5: hexosaminidase B (-1, d iph the r i a  t ox in  s e n s i t i v i t y  (z), and i n t e r -  
feron production (=). 
sme were s e n s i t i v e  t o  k i l l i n g  by d iph the r i a  toxin;  c e l l s  containing t h e  3q+ chromosome, 
but  not a normal 5 o r  an i n t a c t  5q- chromosome were r e s i s t a n t  t o  d iph the r i a  toxin.  
Chromosome and biochemical s t u d i e s  now i n  progress  on informative clones,  before  and a f t e r  
d iph the r i a  t ox in  t reatment ,  should allow reg iona l  l o c a l i z a t i o n  of genes involved i n  
expression of Hex B and in t e r f e ron  production. 

The chromosome c o n s t i t u t i o n  of hybrid c e l l s  w a s  determined by 
Two independent c lones containing t h e  5q- chromosome and one con- 

Hybrid c e l l s  containing a normal chromsome 5 o r  t h e  5q- chromo- 
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470 SEGREGATION AND ASS0Fi"EN OF C BAM, VARIANPS OF CHROMOSOME 1, 9, 16. 
P.L. Yu, L.Y. Wang, A.C. Merritt, P.M. Comeally, R.E. Magenis, M.L. Rivas, kpt. 
of Med. Genetics, Ind. U. Sch. Med. an3 Civ. Genetics, U. of Ore. 
C-band variants of chromosome 1, 9, and 16 were analysed for homolog segregation in 

C.  G. Palmer, 

816 individuals from 77 families. When evaluating lqh, no segregation distortion was pre- 
sent when parents were classed as N (514 or 516) but when the parent was heterozygous 5/Inv; 
5/-(2,3);5/+(7,8), there was a significant deficiency of the normal homologs among offspring 
in all classes. 
segregation; however, the limited number of gqh+ variants in the present study show no 
significant segregation distortion. 

Pairwise assortment of 1, 9, 16 variants and the Y chromosome was evaluated in 269 
progeny from 100 matings. 
minus (3) variants of 9qh were recovered together less frequently in progeny than expected 
and the m m a l  (5) variants of both chranosomes were recovered together more frequently in 
offspring than expected when a parent had two heteromorphic pairs. 
some variants 1 and 16 or 9 and 16 did not differ from expected for these pairs i n  progeny 
of a parent with heteromorphlsms in both chromosomes. The assortment of Y with plus (7 or 
8) variants of lqh was significant. 

variants of chromosome 1. Further, assortment of chromosomes with these C-heteromorphisms 
may not be independent. 

Several studies have reported an excess of large variants in chromosome 9 

In six pairwise analyses combinations of lqh norup1 (5) with 

Combinations of chromo- 

These data suggest that there may be preferential segregation of plus and minus 

471 REDUCED E X C I S I O N  OF 06ALKYLATED GUANINE I N  XERODERMA PIGMENTOSUM CELLS AFTER TREAT- 
MENT WITH ALKYLATING CARCINOGENS, Reqine Goth-Goldstein, Laboratory o f  Radiobiology, 
U n i v e r s i t y  o f  C a l i f o r n i a ,  San Francisco, CA 

The a l k y l a t i o n  o f  DNA and the  e l i m i n a t i o n  r a t e  o f  a l k y l a t e d  guanines was comoared f o r  normal 
human f i b r o b l a s t s  and f i b r o b l a s t s  der ived  from a Xeroderma Pigmentosum (XP) p a t i e n t .  
c e l l s  were t r e a t e d  f o r  45 min w i t h  e i t h e r  3H-methylni t rosourea (MNU) o r  [l - 14C]e thy ln i t ro -  
sourea (ENU) and t h e i r  DNA i s o l a t e d  0, 24 and 48 h r s  a f t e r  t reatment.  A f t e r  m i l d  a c i d  hy- 
d r o l y s i s  o f  t he  DNA the  pu r ine  bases were separated on a Sephadex G10 column and the  amount 
o f  guanine a l k y l a t e d  a t  t he  N7(7-Alk Gua) o r  a t  t he  06 Dos i t i on  (0"-Alk Gua) measured. The 
i n i t i a l  amount o f  a l k y l a t e d  guanine and the  l oss  o f  7-Alk Gua a f t e r  48 h rs  were very  s i m i l a r  
i n  normal and XP c e l l s  bo th  a f t e r  MNU and ENU treatment.  But there  was a cons iderab le  d i f -  
ference between these c e l l  l i n e s  i n  the  l oss  o f  06-A lk  Gua. The normal c e l l  l i n e  reduced i t s  
06 -A lk  Gua conten t  t o  28% and 9% f o r  MNU and ENU respec t i ve l y .  I n  con t ras t  t he re  was s t i l l  
63% and 70% o f  the  o r i g i n a l  amount o f  06 -A lk  Gua i n  XP c e l l s  a f t e r  t h i s  t ime. Th is  means 
t h a t  XP c e l l s  have a reduced capac i ty  t o  e l i m i n a t e  06-Alk Gua from t h e i r  DNA. Since D6-Alk 
Gua i s  a promutagenic base t h i s  de f i c iency  may be a s i g n i f i c a n t  aspect o f  t he  h i g h  cancer 
s u s c e p t i b i l i t y  o f  XP pa t i en ts .  
mat id  exchange i n  XP-cells a f t e r  t rea tment  w i t h  a1 k y l a t i n g  agents. 
du r ing  the  tenure  o f  a fe l l owsh ip  by the  Deutsche Forschungsgemeinschaft and under the  aus- 
p ices  o f  t he  U.S. Energy Research and Development Admin is t ra t ion .  

94143 

The 

It a l s o  migh t  be connected w i t h  the  increased s i s t e r  chro- 
Work was performed 

472 CHARACTERIZATION OF THE PACKAGING PROTEINS OF CORE 40s HnRNP PARTICLES, Ann L. Beyer, 
Barbara W. Walker, Mark E. Christensen and Wallace M. LeStourgeon, Department of 
Molecular Biology, Vanderbilt University, Nashville, Tennessee 37235 

The hnRNA of HeLa cells is associated in a repeating ribonucleoprotein particle structure with 
a simple complement of low molecular weight basic proteins which apparently function struc- 
turally in the packaging and stabilization of hnRNA i n  a manner analogous to the histones of 
nu bodies. The proteins involved in protein-RNA and protein-protein interactions to form the 
core 40s monomer particle have been identified and characterized. Through complete sucrose 
gradient analyses and controlled salt dissociation of particles, 6 polypeptides are identified 
as the protein constituents of core particles, in association with rapidly-labeled non-riboso- 
ma1 nuclear RNA. These particles appear in the EM as 210 I( spheres. The 6 proteins migrate in 
polyacrylamide gels as 3 doublets (groups A,B and C) and are present in a simple stoichiometry, 
The C proteins (42K and 44K daltons) interact directly with RNA to form a smaller high salt- 
resistant complex. The A proteins (32K and 34K D) are major nuclear proteins and constitute 
60% particle protein mass. These 2 proteins are basic with isoelectric points near 9.2 and 8.4. 
respectively, they interact electrostatically with nucleic acid (including HeLa DNA) and are 
characterized by similar unusual amino acid composition, including 25% glycine and the unusual 
basic residue, NG,NG-dimethylarginine. 405 hnRNP particles of Chinese hamster lung fibroblasts 
have a strikingly similar protein composition and stoichiometry, consistent with a conserved 
particle structure in eukaryotes. Crosslinking studies with dimethylsuberimidate and formalin, 
and molecular weight sieving of dissociated particle proteins demonstrate specific protein- 
protein interactions in the core RNP complex. (Supported by NSF BMS 7503105, NIH 5T01-GM01395) 
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C-band Chromosomal Pol mor hisms: Racia l  Di f fe rences  and S i m i l a r i t i e s .  Ray M. 
Antley and Jonggu Park: InPdiana Univers i ty  Medical Center ,  Ind ianapo l i s ,  II? 46202. 

473 
Studies  ind ica t e  a high degree of  C-band polymorphisms wi th in  ind iv idua l s .  Data emerg- 

i n g  from popula t ion  s tud ie s  suggest r a c i a l  d i f f e rences .  To eva lua te  t h e  in f luence  o f  race  on 
frequency of C-band polymorphisms, a sample o f  Koreans, Chinese, Japanese and Caucasians were 
compared. The va r i ab le  C-band reg ions  were scored  a s  H-variants (secondary c o n s t r i c t i o n s ) ,  
C-variants (cent romere) ,  S-var ian ts  ( s a t e l l i t e ) ,  and P-var ian ts  ( p o s i t i o n  v a r i a t i o n  of  t h e  
secondary c o n s t r i c t i o n  o r  cent romere) .  A t o t a l  of 67% C-band v a r i a n t s  (averaging  3.4 2 0 .1  
per  s u b j e c t )  were scored  i n  200 sub jec t s .  On t h e  average ,  Or i en ta l s  were found t o  have 
s l i g h t l y  h igher  f requencies  of  C-band v a r i a n t s  than  Caucasians (bu t  t h e  d i f f e rence  was no t  
s t a t i s t i c a l l y  s i g n i f i c a n t ) .  
Combining t h e  r e s u l t s  of  t h i s  s tudy  with those  of  previous s t u d i e s  o f  Caucasians gave t h e  
fo l lowing  r e s u l t s :  1 qh-, Yq+, 19C+, and 9P ( p o s i t i o n  v a r i a n t )  were s i g n i f i c a n t l y  more f r e -  
quent i n  Or i en ta l s  than  i n  Caucasians,  and S-var ian ts  o f  No. 22 were s i g n i f i c a n t l y  more 
f requent  i n  Caucasians. From a popula t ion  cy togenet ic  po in t  of  view, these  d i f f e rences  
appear a l l  t h e  more i n t e r e s t i n g  when compared t o  an o v e r a l l  p a t t e r n  of s i m i l a r i t y  i n  fre- 
quency f o r  most polymorphisms. 

Most C-band v a r i a n t s  showed similar f requencies  among Or ien ta l s .  

474 DNA FRAGMENT S I Z E S  OF MOUSE TLT HEPATOMA CHROMATIN AFTER AUTODIGESTION OR TREATMENT 
W I T H  VARIOUS NUCLEASES, Jacob D. Duerksen and K .  Wayne Connor, Department of Biology, 
The Univers i ty  of Calgary, Calgary, Alber ta ,  Canada T2N 1N4. 

Autodigestion of  chromatin apparent ly  r e l e a s e s  euchromatin-enriched segments (Paul  L Duerksen, 
Biochem. Bio h S .  Res .  Commun., 68, 97(1976); Arch. Biochem. Biophys., 174, 491 (1976)) .  This  
autodigestio:  i roceeds  slowly producing 21% ac id-so luble  material a f t e r  17 h r .  whereas t h e  ac- 
t i o n  of micrococcal nuc lease  produces 27% i n  35 min a t  46 U/mg chromatin and DNAase I produces 
24% i n  25 min a t  1.2 pg/mg chromatin. 
t r ea t ed  chromatin prepara t ions  w e r e  separa ted  under dena tur ing  condi t ions  by s l a b  g e l  e l ec t ro -  
phores i s  and fragment s i z e s  were determined wi th  a [5'-32P]p(dT),o polymer mixture  s tandard  
(10 base  p a i r  s e r i e s  from T10 t o  approximately T2 o; g i f t  from D r .  J . H .  van de Sande). DNAase 
I t rea tment  r ap id ly  produced a fragment p a t t e r n  18 bp a p a r t  spanning t h e  range from 10 bp 
( sma l l e s t  fragment was a c t u a l l y  13 bp) t o  approximately 200 bp wi th  a prominent band a t  80 bp 
and weak bands a t  60 and 100 bp. 
nent  double t  band a t  140-160 bp. 
approximately 10 bp a p a r t  similar t o  the  DNAase I p a t t e r n .  
d iges t ion  are comparable.) 
bands l a r g e r  than the  nucleosome-sized fragment. 
i n  add i t ion  smaller-sized fragment bands 10 bp a p a r t .  
ges t ion  i s  c o n s i s t e n t  wi th  the  prev ious ly  repor ted  EM p i c t u r e s  showing t h e  multi-nucleosome 
(370f70i diameter/nucleosome) s i z e  of euchromatin-enriched f r a c t i o n s .  
s i z e  of t he  DNA fragments i s o l a t e d  from such euchromatin-enriched f r a c t i o n s  i s  now i n  progress .  

DNA fragments i s o l a t e d  from timed a l i q u o t s  of t hese  

Short  micrococcal nuc lease  d i g e s t s  gave pr imar i ly  a promi- 
Continued d iges t ion  produced i n  add i t ion  smal le r  fragments 

(Pa t t e rns  r e s u l t i n g  from DNAase I1 
Autodigestion f o r  1-3 h r ,  however, produced p r imar i ly  m u l t i p l e  

Continued au tod iges t ion  up t o  17  h r  produces 
This  p a t t e r n  caused by 1-3 h r  autodi- 

Examination of t h e  bp 

475 

been employed t o  v i s u a l i z e  reg ions  of  chromosomal r e p l i c a t i o n .  H igh l y  s p e c i f i c  an t i bod ies  were 
produced i n  r a b b i t s  by a " ca r r i e r - sw i t ch ' '  procedure, i n  which i odour id ine  ( IU )  coupled t o  
ovalbumin ( IU-ova l )  was i n jec ted ,  fo l lowed 2 weeks l a t e r  by bovine serum albumin (BSA), f o l l o w -  
ed then by IU-BSA. Th is  procedure r e s u l t s  i n  l a r g e  amounts o f  s p e c i f i c  an t ibody .  Ant ibody, 
subsequent t o  a f f i n i t y  chromatography on AH-Sepharose 4B-broumouridine, was used t o  t r e a t  
spreads o f  metaphase chromosomes from c e l l s  pulsed i n  S phase w i t h  BrdU. 

goat a n t i - r a b b i t  IgG labe led  w i t h  horseradish peroxidase and 3' .3"-diaminobenzidine and H202. 
The i d e n t i f i c a t i o n  o f  t he  bands w i t h  incorpora ted  BrdU was v e r i f i e d  w i t h  3H-BrdU and au torad io -  

The pr imary  fea tu re  o f  t h i s  immunological procedure, as ide  from i t s  s e n s i t i v i t y ,  i s  t h a t  
We have a l s o  devised a method f o r  p repar ing  chromo- 

IMMUNOLOGICAL MAPPING OF REPLICATING SEGMENTS OF CHROMOSOMES, Howard G. Gratzner,  
Papanicolaou Cancer Research I n s t i t u t e ,  Miami, F l o r i d a  33123. 
Ant ibod ies  s p e c i f i c  f o r  5-bromodeoxyuridine (BrdU) o r  iododeoxyur id ine ( IdU) have 

Bands were produced on the  chromosomes by the  imunoperox idase procedure, which employs 

graphy. 

i t  i s  app l i cab le  t o  e l e c t r o n  microscopy. 
somes f o r  scanning e l e c t r o n  microscopy, by which combined l i g h t  and SEM s tud ies  o f  immuno- 
cy tochemica l l y  s ta ined  chromosomes can be performed on the  same s t ruc tu res .  
t a i l s  c e n t r i f u g i n g  chromosomes onto g lass  s l i d e s  con ta in ing  a numbered g r i d  which can be used 
t o  re loca te  a s p e c i f i c  chromosome i n  the  SEM. 

Th is  method en- 
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FINE STRUCTURE OF THE X AND Y CHROMOSOMES, Albert0 J. S o l a r i ,  Departments of 
Anatomy and Zoology, Duke Universi ty ,  Durham, N.C. 27710 476 

Using t he  micro-spreading technique of Counce and Meyer (Chromosoma, 4if, 231, 1973) a s  emplo- 
yed by 
Y chromosomes of s eve ra l  mammals  has  been shown t o  follow a r egu la r  pa t t e rn .  The axes of 
the X and the  Y appear during rygotene a s  s epa ra t e  StrUCtUres. They f i r s t  approach by one 
end and then begin t o  form a pa i r ing  region with a synaptonemal complex a t  l a t e  zygotene. 
The ex ten t  of the pa i r ing  region i s  a t  a maximum i n  very e a r l y  pachytene. The d i f f e r e n t i a l  
regions of the axes do not  present  s p e c i a l  modif icat ions up t o  mid-pachytene. These modifi- 
ca t ions  d i f f e r  i n  var ious species .  I n  the armenian and Chinese hamster they c o n s i s t  of 
thickenings,  bulgings and shortenings during mid-pachytene, followed by the appearance of 
a thinner  and branching s t r u c t u r e  i n  l a t e  s tages .  The pa i r ing  region progressively shortens 
i n  some species  a s  the muse ,  while i t  remains i n t a c t  up t o  d ip lo t ene  i n  the  armenian hams- 
t e r . I n  both groups during diplotene the pa i r ing  region is reduced to  a s i n g l e  region of 
a s soc ia t ion  between the X and Y axes.  This s i n g l e  region i s  confined t o  the ends i n  most 
mammals but  i t  i s  near t h r  centromeres i n  the armenian hamster.Although t h i s  r egu la r  behav-' 
i o r  occurs i n  most species ,  a t  l e a s t  i n  one mama1 the  a x i a l  co res  a s soc ia t e  t o  each o the r  
only by the  ends 

Moses e t  a l .  (Science x , j 6 3 , 1 9 7 5 )  i n  mammals, synapsis  and r epu l s ion  of t he  X and 

and do not  show s p e c i a l  modif icat ions.  

EFFECTS OF HEPARIN ON NUCLEOSOliE STRUCTURE, Bryant B i l l epon teaw and I saac  Harary, 
Laboratory of Nuclear Medicine and Radiat ion Biology, Universi ty  of Ca l i fo rn ia .  9CO 
Veteran Ave., Los Angeles, Ca l i f .  90024 
Nucleosome s t r u c t u r e  and i t s  possible  modif icat ion by a c i d i c  p ro te ins  were s tudied 

477 

using heparin and staphylococcal nuclease an probes. The na tu ra l  polyanion heparin w a s  found 
to  enhance inarkedly the  nuclease s e n s i t i v i t y  of DNA w i th in  chromatin. Electrophoresis  of the 
products of nuclease d iges t ion  reveal  t h a t  t he  l a r g e r  s i z e  l i m i t  d i g e s t  DNA fragments are pre 
f e r e n t i a l l y  digested i n  heparin t r ea t ed  chromatin. 
a l s o  leads t o  an increased s e n s i t i v i t y  of chromatin to staphylococcal nuclease.  The e l e c t r o -  
phore t i c  banding p a t t e r n  of t h e  nuclease r e s i s t a n t  fragments from heparin t r ea t ed  chromatin 
and from t ryps in  digested chromatin were compared and were fotind t o  c lose ly  resemble each 
o the r .  
segments o f  t he  nucleosome co re  h i s tones  IiZa, 112b, €13, and H4. zhus the  s i i n i l a r i t y  of t he  
nuclease r e s i s t a n t  DNA products from heparin t r ea t ed  and t r y p s i n  digested chromatin ind ica t e s  
that heparin i n t e r a c t s  with the  same N t e m i n a l  segments of t he  core  h i s tones  a s  does 
t ryps in .  These r e s u l t s  suggest  that nuclear  a c i d i c  p ro te ins  may i n t e r a c t  w i th  the  N terminal  
segments of t he  core  h i s tones  to  a l t e r  nucleosome s t r u c t u r e  i n  preparat ion for  t r a n s c r i p t i o n .  
(This work was  supported by con t r ac t  E (04-1) GEN-12 between ERDA and the Univ. of CaliE.) 

Pretreatment  of chromatin wi th  t ryps in  

Trypsin is  known t o  cleave only 20 to  30 amino a c i d  r e s idues  irom t h e  N terminal  

478 
Oocytes were obtained by f o l l i c u l a r  a s p i r a t i o n  from i n  s i t u  o r  excised ova r i e s  from 35 

women between t h e  ages of 22 and 45 years .  
30 ( 6 0 % )  as nonovulatory, and 13  (26%) as p r e o n l a t o r y .  
let.?, of Ham's F10 medium supplemented with 10% f e t a l  c a l f  serum f o r  24-28 h r  at 37OC i n  5% 
CO2 i n  a i r  environment. Cytogenetic a n a l y s i s  i nd ica t ed  t h a t  27/39 (69.3%) of cu l tu red  oo- 
cy te s  were undergoing maturation at t h e  t ime  of c u l t u r e  terminat ion.  
evaluated during d i a k i n e s i s  and e a r l y  f i rs t  meiot ic  metaphase were est imated between 35 and 
51. A t  present ,  t h i s  d a t a  i s  not  s u f f i c i e n t  t o  c o r r e l a t e  chiasmata frequency with maternal 
age. 
i d e n t i f i c a t i o n  of spec i f i c  b iva l en t s ,  and evaluat ion o f  meiot ic  chromosome as soc ia t ion  
pa t t e rns .  
consequences of maternal age upon t h e  meiotic process .  

CYTOGENFPIC ANALYSES OF HUMAN OOCYTES, Frederick W. Luthardt ,  Universi ty  of Cal i for-  
n i a ,  Los Angeles, C a l .  90024. 

Of 50 oocytes,  7 ( 1 4 % )  were c l a s s i f i e d  as a t r e t i c ,  
Oocytes were cu l tu red  i n  microdrop- 

Chiasma frequencies  

Spec i f i c  s t a i n i n g  procedures were a l s o  u t i l i z e d  t o  f a c i l i t a t e  centromere l o c a l i z a t i o n ,  

Cytogenetic d a t a  obtained from t h i s  i nves t iga t ion  may he lp  t o  e luc ida te  poss ib l e  
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479 DNA-AFFINITY CHROMATOGRAPHY OF I N  VITRO PHOSPHORYLATED H 1  AND H5 HISTONES, Thomas M. 
Fasy', Akira Inoue', Edward M. Johnson and Vincent G. A l l f r ey ,  The Rockefe l le r  
Univers i ty ,  New York, NY 10021. Present  addres ses :  lThe Roche I n s t i t u t e  of Molecular 
Biology, Nutley,  N J  07110, 'Osaka Ci ty  Univers i ty  Medical School, AbenoKu,Osaka, Japan. 
Phosphorylation of the  extranucleosomal h i s tones ,  H 1  and H5, has important and d i v e r s e  

consequences on t he  s t r u c t u r e  of t he  DNA-histone complex which may in f luence  r e p l i c a t i o n ,  
t r a n s c r i p t i o n  and chromosome condensation. We have used a f f i n i t y  chromatography t o  compare the  
DNA-binding p rope r t i e s  of phosphorylated and non-phosphorylated h i s tones .  Pure H 1  h i s tones  
from c a l f  thymus (C.T. H1) and two h igh ly  bas i c  H 1  homologues from condensed i n a c t i v e  n u c l e i ,  
duck e ry th rocy te  H5 (Duck H5) and St rongylocent ro tus  purpura tus  sperm H 1  ( S .  purp. H1) were 
appl ied  t o  DNA-Sephadex G 2 5  columns and e lu t ed  wi th  s a l t  g rad ien t s .  
contained a smal l  po r t ion  (<1%) which had been phosphorylated i n  v i t r o  by Y-~'P-ATP us ing  a 
CAMP-dependent k inase  from c a l f  thymus. Most of t he  C.T. H 1  e lu t ed  from the  DNA-column3etween 
0.30-0.55 M N a C l  w i th  peaks around 0.40 M. The more bas i c  Duck H5 e lu t ed  between 0.56-0.78 M 
NaCl with peaks a t  0.60 and 0.65 M. 
those  requi red  t o  e x t r a c t  t hese  p ro te ins  from chromatin o r  n u c l e i .  
purp. H 1  e lu t ed  from the  DNA column between 0.74-1.03 M NaCl wi th  a peak a t  0.84 M. 
t h i s  mo la r i ty  range corresponds very  w e l l  wi th  our incrementa l  s a l t e x t r a c t i o n s o f  H 1  from S. 
purp. sperm nuc le i .  In every case ,  t he  phosphorylated spec ie s  e lu t ed  from the  DNA column a t  
lower s a l t  concent ra t ions  than t h e  main h i s tone  peak. 
i n d i c a t e  t h a t  phosphorylation of H 1  causes i t  t o  e l u t e  from DNA columns a t  lower s a l t  
concent ra t ions .  

The h i s tone  sample 

These sal t  concen t r a t ions  a r e  q u i t e  cons i s t en t  wi th  
The extremely b a s i c  S.  

Again 

Experiments a r e  presented  which 

480 ROLE OF HISTONE PROTEINS I N  ULTRAVIOLET LIGHT-INDUCED PROTEIN-DNA ADDUCTS I N  
CHROMATIN. S .  C .  R a l l  and G.  F. S t r n i s t e ,  C e l l u l a r  and Molecular Biology Group, Los 
Alarms S c i e n t i f i c  Laboratory,  Univers i ty  of C a l i f o r n i a ,  Los Alamos, New Mexico 87545 
We have i s o l a t e d  and p u r i f i e d  t h e  nucleosome c l a s s e s ,  rmnomer through tetramer, from 

nuclease- t rea ted  Chinese hamster ce l l  nuc le i .  
chromatin subs t ruc tu re ,  our  r e s u l t s  i n d i c a t e  t h a t ,  on t he  average ,  t h e r e  exist two m l e c u l e s  
each of h i s tones  HZA, HZB, H3, and H4 pe r  chromatin subuni t  i n  each  nucleosome c l a s s .  The rel- 
a t i v e  amount of h i s t o n e  H l  i nc reases  from monomer through tetramer. Using nucleosomes as a 
b a s i c  m d e l  system rep resen t ing  t h e  protein:DNA i n t e r a c t i o n s  e x i s t i n g  i n  chromatin,  we have 
been inves t iga t ing  t h e  r o l e  of t h e  var ious  h i s t o n e  p ro te ins  i n  the  process  of  u l t r a v i o l e t  (uv) 
l i g h t  (254 nm) induct ion  of protein-DNA adducts.  Analysis of uv- i r rad ia ted  nucleosomes on 
SDS-polyacrylamide g e l s  shows a dep le t ion  o f  a l l  f i v e  h i s tones  from t h e i r  normal migra t ing  
pos i t i ons  i n  t h e  ge l .  Histones H2A and H2B a r e  removed more r ap id ly  than a r e  h i s tones  H 3  and 
H4. In add i t ion  t o  protein-DNA adducts ,  a t  least  50% of t h e  a f f e c t e d  h i s tones  a r e  induced t o  
form o the r  photoproducts.  One of  t h e  primary pro te in-pro te in  photoproducts observed appears 
t o  be t h e  H2A-H2B dimer.  In t h e  c ros s l ink ing  process ,  i r r a d i a t e d  nucleosomes d i f f e r  from 
i r r a d i a t e d ,  sheared ,  s o l u b l e  chromatin i n  t h a t  t h e r e  i s  more h i s tone  involvement but  less 
t o t a l  p ro t e in  l i nked ,  t h e  l a t t e r  r e s u l t  most l i k e l y  being a consequence of t he  involvement of 
nonhistone p ro te in  i n  t h e  c ros s l ink ing  phenomenon observed i n  sheared ,  s o l u b l e  chromatin. 
(This work w a s  performed under t h e  auspices  of t h e  U. S .  Energy Research and Development 
Administ r a t  ion.  ) 

I n  agreement wi th  the  pred ic ted  model fok 
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900 Veteran Avenue, U n i v e r s i t y  o f  C a l i f o r n i a ,  Lo$ inge les ,  Los Anqeles, C a l i f .  90024. 

r a d i a t i o n ,  and chemical mutagens and carcinogens. The goal o f  t h i s  research i s  t o  q u a n t i t a t e  
and t o  l o c a l i z e  l es ions  and r e p a i r  o f  l es ions  i n  i s o l a t e d  DNA. chromat in f r a c t i o n s ,  and i n  
chromosomes and nuc le i  i n  s i t u .  The mammalian r e o a i r  system appears t o  be heterogeneous w i t h  
respec t  t o  r a t e s  and 1 o G t K i n  t h e  nucleus. M i l k i n s  and Har t  (Nature 217,35,1974) p rov ided 
evidence t h a t  he terogene i ty  i s  due t o  decreased r e p a i r  o f  DNA masked bychromosomal p ro te ins .  
We are  using a rad io imunoassay  (RIA) t o  study the  d i s t r i b u t i o n  o f  DNA r e p a i r  o f  UV induced 
les ions  i n  f r a c t i o n a t e d  chromat in.  The R I A ,  a m o d i f i c a t i o n  o f  t he  procedure o f  Seaman e t  a l .  
(J.Biol.Chem. 247, 5709,1972), can de tec t  l es ions  i n  1 uq DYA ex t rac ted  from c e l l s  i r r a d i a t e d  
wi th  3 J/M2 ( Z T n m ) ,  corresponding t o  o, 19" dimers. I t  has been used t o  s tudy  the  r a t e s  o f  
UV induced l e s i o n  produc t ion  i n  c e l l u l a r  DNA. Measurements o f  t he  r a t e s  o f  l e s i o n  produc t ion  
and removal i n  "h i s tone  bound" and "h is tone f ree "  chromat in and i n  " a c t i v e "  and " i n a c t i v e "  
chromat in w i l l  be oresented. 

Ant ibod ies  have a l so  been orepared t o  5 hydroxymethyl u r i d i n e  (5HPlU). an i o n i z i n g  
r a d i a t i o n  oroduct o f  thymidine. Using a phage n e u t r a l i z a t i o n  assay picogram l e v e l s  a re  
detected. The G value f o r  t he  produc t ion  o f  5 IiMU i n  i r r a d i a t e d  so lu t i ons  o f  thymidine i s  
0.04. 5HMU has been measured i n  i r r a d i a t e d  DNA and data w i l l  be presented on t he  y i e l d s  w i t h i n  
chromat in f r a c t i o n s .  (Supported by USPHS Grant #CA 13437 and by USEROA) 

SEROLOGIC DETERMINATION OF ALTERED BASES I N  DNA AND CHROMATIN, PlcConloque, L., H.L. 
Lewis, A. Norman and J.F. Ward. Laborator 

We a re  develooing se ro log i c  assays f o r  DNA base damage induced by UV, i o n i z i n g  

of  Nuclear Yed ic ine  and Rad ia t i on  B io logy ,  
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482 A CHROMOSOMAL AND DNA REPAIR LOOK AT INCONTINENTIA PIGMENTI. J.M. 
Rary and P.C. Huang, Department of Gynecology and Obstetrics, School 
of.Medicine and Department of Biochemical and Biophysical Sciences, 

School of Hygiene and Public Health, Johns Hopkins University, Baltimore, 
Maryland 21205. 

Incontinentia pigmenti, a dominant X linked disorder that is lethal in 
affected males, was originally reported as a chromosomal breakage syndrome 
by DeGrouchy &. (1976 Ann. Genet. 15, 61) and has been recently confirmed 
by Kelly a. (1976 J .  Heredity 67, 171). Surviving affected females are 
characterized by a three to four fold increase in the chromosomal aberration 
frequencies in leukocytes and fibroblasts. Most of the aberrations scored 
are of the chromatid type, although the frequency of the chromosomal type 
aberration is also elevated. The results were obtained from measurements 
with leukocytes from three affected females and skin fibroblasts from one 
affected female and one affected male fetus. Since the aberration frequency 
is further increased by gamma irradiation in the G 2  phase of the cell cycle, 
enzyme activities presumably related t o  DNA strand breakage-reunion as well 
as removal of modified bases were examined. The results o n  single anddouble 
stranded DNase, N-glycosidase and apurinic site specific endonuclease in 
lysates of these and normal cells sre to be reported. (Supported by National 
Foundation/March of Dimes). 

483 CRITICAL DNA DAMAGE AND HAMSTER CELL REPRODUCTION, H.J. Burki, Biology and Medicine 
Division, Lawrence Berkeley Laboratory, University of California, Berkeley, CA 
94720 
Synchronous V79 Chinese hamster cells accumulated 1-125 induced DNA damage in the 

G 2  stage of the life cycle at 4 degrees centigrade. 
nuclear DNA was changed by incorporating 1-12.5 Iododeoxyuridine at various times during the 
previous DKA replication period. The efficiency of ce l l  inactivation induced by the decay 
of this isotope depended on the position of the isotope within the nuclear ONA. 
found that the efficiency of inactivation was less  when decays occurred in thc DNA usually 
associated with euchromatin, i.e., early replicating DNA. The decays were found to be most 
toxic when they occurrcd in late replication DNA, or in lieterochromatic and centromeric 
regions. These results suggest that damage in late replicating DNA may critically affect 
cell reproduction. 

The position of the 1-125 within the 

I t  was 

484 STSTER CHROMATID EXCHANGES AND CHROMOSOME ABERRATIONS IN COCKAYNE'S SYNDROME, A 
POSSIPWE DNA RePAIR DEFICIENCY DISEASE, Harlow K. Fischman and Catherine Joy, Depart- 

ment of Medical Genetics, New York State Psychiatric Institute, New York, N. Y. 10032. 
Cockayne's Syndrome is a genetic disease with autosomal recessive inheritance. It is 
characterized by microcephaly, dwarfism, pigmentary retinal degeneration, precocious senility, 
and sensitivity to sunlight. Cockayne's syndrome cells have an increased sensitivity to U V 
irradiation, and depression of unscheduled DNA synthesis. Chromosome damage is increased in 
conditions known to include DNA repair deficiency. We investigated the possibility of such 
a defect in a 16 year old female with Cockayne's syndrome. 
and Q- banding, revealed a normal 46,XX karyotype. A 72 hour leucocyte culture was examined 
for spontaneous chromosome damage. There was a high level of both total chromosome aber- 
rations (26/100 cells) and chromosome and chromatid breaks (11/100 cells). A 72 hour leuco- 
cyte culture was subjected to a modification of the BUdR/Benzimidizole technique, and re- 
vealed an elevated number of sister chromatid exchanges (SCE's) (26.3/cell) when compared 
to the control (12.5/cell). The number of SCE's was directly proportional to chromosomal 
length in longer chromosomes but was significantly reduced in the F and G groups. The high 
level of both chromosome damage and SCE's, supports the conclusion that Cockayne's syndrome 
involves a defect in the DNA repair system. 

A chromosome analysis using G- 
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485 STUDIES OF MITOMYCIN INDUCED SISTER CHROMATID EXCHANGE AS A FUNCTION OF CELLULAR 
AGING IN VIVO AND IN VITRO, Edward L. Schneider, David Kram, Raymond R. Tice, Peter 
Gianas and Brian Gilman, Laboratory of  Cellular and Comparative Physiology, Geron- 
tology Research Center, NIA, NIH, Baltimore, MD 21224 
There is considerable evidence that sister chromatid exchanges (SCE) may represent 

a form of postreplication DNA repair. It was, therefore, decided to examine if the mechan- 
isms involved in SCE are altered by aging both in vitro in cultured human cells and in vivo 
in mouse and rat bone marrow cells. For the in vitro studies, cultured human skin fibroblasts 
derived from old (65f yrs) and young (20-30 yrs) volunteer members of the Baltimore Longitu- 
dinal Study were incubated with 10 pgfml bromodeoxyuridine (BrdU) together with varying con- 
centrations of Mitomycin C (MMC) and chromosome preparations were made 48 hours after BrdU 
addition. For the in vivo studies, young (12 mo) and old (24 mo) rats and mice were infused 
intravenously with 50 mglkg wtfhr BrdU. MMC was administered one hour after commencement of 
the infusions and chromosome preparations were made at 26 hours. Preliminary results indicate 
that both in vivo and in vitro MMC induced SCEs occur with relatively equal frequencies in 
both old and young cells at low MMC concentrations. However, at high MMC concentrations 
(7.5 nglml in vitro, 5 mgfkg in vivo), there is a significant decrease in MMC induced SCE in 
the fibroblasts derived from old human subjects when compared to young subject cell cultures 
(36.7 f 2.2 vs 44.2 f 1.3) as well as from old rat bone marrow cells when compared to young 
rat bone marrow cells (46.3 f 2.4 vs 76.7 f 2.7). These findings suggest that with increasing 
age, mammalian cells both in vitro and in vivo may lose their ability to form SCE in response 
to high levels of MMC. 

486 SEQUENCE COMPLEXITY OF TOTAL POLY(A) CONTAINING RNA FROM MOUSE SIMPLE EMBRYO10 BODIES 
AND TERATOCARCINOMQS AS DETERMINED BY C-DIJA HYBRIDIZATION, Stephen E. H a r r i s  anu 
Sandra Gipson, Nat iona l  I n s t i t u t e  o f  Environmental Hea l th  Sciences, Research T r iang le  
Park, N C  27709 
The mouse teratocarcinoma system appears t o  be an i dea l  system f o r  s tudy ing  the  mole- 

c u l a r  mechanisms o f  c e l l u l a r  d i f f e r e n t i a t i o n  i n  a mammalian system. 
cinoma was used i n  the  f o l l o w i n g  s tud ies .  
s imple embryoid bodies, l e s s  than 100 LI i n  diameter, and from tumors der ived  from these 
embryoid bodies, which were 1 cm t o  2 cm i n  diameter, us ing  o l i g o  dT-ce l lu lose  chromatography. 
The RNA samples were f u r t h e r  p u r i f i e d  by another o l i g o  dT-ce l lu lose  column. 
t i o n s  contained 2.3-3;; po ly (A )  and the  po ly (A )  con ta in ing  molecules have a number average 
nuc leo t i de  l eng th  o f  1600-1900 nuc leo t ides  as determined by denatur ing  formamide sucrose 
grad ien ts .  
t i ons .  
t i o n  was synthesized us ing  reverse  t ransc r ip tase .  
and the  probe used f o r  t he  complex i ty  study was f r a c t i o n a t e d  on a l k a l i n e  sucrose g rad ien ts  
and contained molecules 250 t o  1200 NT w i t h  a mean s i z e  o f  750 NT. The sequence complex i ty  o f  
t he  po ly (A)  con ta in ing  RNA from t h e  embryoid bodies and the  tumors was then determined by 
h y b r i d i z a t i o n  w i t h  t h e i r  respec t i ve  complementary ONAs. 
t i o n  curves were reso lved i n t o  h igh  abundancy-low complex i ty  and low abundancy-high complex i ty  
po ly (A)  con ta in ing  RNA c lasses. 

The OTT 6050 te ra toca r -  
To ta l  po ly (A) -conta in ing  RNA was i s o l a t e d  from 

These prepara- 

The s i z e  o f  t he  po ly (A)  reg ion  i s  approximately 70 nuc leo t ides  i n  bo th  prepara- 
A complementary DNA labe leu  w i t h  t r i t i a t e d  dCTP o f  bo th  po ly (A)  con ta in ing  RNA prepara- 

The mean s i z e  o f  t he  cDNA was about 400 NT 

By computer ana lys i s  the  hyb r id i za -  

487 THE SIGNIFICANCE OF STRUCTURAL VARIANTS OF COWLEX-FORMING HISTONES. 
Samuel G. Franklin and Patricia Goldman, The Institute for Cancer Research, Fox Chase 
Cancer Center, Philadelphia, PA 19111 
We have characterized a number of primary structure val'iants of the histones 2a, 2b 

Alfred Zweidler, 

and 3,  which have been preserved in parallel throughout the evolution of at least the maw 
mals. The variants differ by one to three conservative amino acid substitutions in their 
hydrophobic regions. We have found that the histones can be transferred quantitatively from 
chromatin to Amberlite CG-50 (in 10 mM Tris-C1 pH 7.0), as H2a-H2b dimers, H3-H4 dimers and 
H1 monomers, and that the histone complexes which contain the more hydrophobic variants are 
more resistant to dissociation by urea. Careful quantitation of the histone components re- 
solved by gel electrophoresis in presence of nonionic detergents showed that although the 
relative amounts of the variants vary significantly, the four complex-forming histone classes 
occur in equimolar amounts in all examined tissues. We conclude that all HZa, H2b and H3, H4 
histones occur as heterodimers which in association with DNA assemble into oligomeric nucleo- 
histone complexes containing equimolar amounts of the two dimer types. We propose that the 
whole genome of eukaryotes is organized as nucleohistone complexes, but that different re- 
gions have different conformations according to their functional state. While transient 
changes in conformation could be induced by charge modification of the histones, stable con- 
formation differences could be due to the presence of different variants. The tissue- 
specific variation in the relative amounts of the histone variants could therefore reflect 
the differential gene activity associated with cell differentiation. (Supported by grants 
from the NIH and the Commonwealth of Pennsylvania.) 
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488 KARYOTYPE-PHEI!OTYPE CORRFLf iT ION I N  THREE CASES OF STRUCTURALLY ABNORMAL X 
CHROMOSOME. Da mar I(. Kalousek, The Montreal Children's Hospital, Montreal, Canada. 
1 .  46,X,del(X)qpll) A case o f  sex-chromatin positive in other aspects classical 

2. 46,X,del(X)(p21) 
Turner sycdrorre in 14 years old qirl. 

short stature, multiple nevi, short I V  and V metacarpi, normal levels o f  aonadotropins and 
irreqular menstruation. 

investigated for sterility. 
Karyotype-phenotype correlation and the tabulated review o f  the related literature will be 
presented. 

A case o f  sex-chromatin positive 12 years old female with 

3. 47,XY,i(Xq) A case o f  sex-chromatin positive phenotypically normal male 

489 A SLOWLY SEDIMENTING COMPONENT FROM NUCLEASE DIGESTED CHROMATIN 
Caroline S.M. Tahourdin and Hannah J. Gould, King's College, London WC2 

chicken reticulocyte chromatin was prepared in a 'gentle" way, minimizing the 
concentrations of salt and divalent cations and minimizing shearing, in order to 
prevent the migration of proteins from their original attachment sites on DNA. This 
chromatin was digested under mild conditions with deoxyribonuclease from 
Staphylococcus aureus and fractionated by zonal centrifugation in a sucrose gradient. 
I n  addition to the series of nucleosome oligomers observed by other workers, it has 
been possible to resolve a more slowly sedimenting nucleoprotein fraction which has 
interesting properties. This fraction contains equal quantities of nucleic acid and 
protein. The nucleic acid component is 50% DNA and 50% PNA and the DNA length has 
been estimated to be about 3 0  nucleotides. The DNA represents about 2 - 4% of the 
original DNA and is single-stranded. The protein content of the slowly sedirnenting 
fraction differs dramatically from that of nucleosomes for it is made up almost 
exclusively of non-histone proteins rather than histones. Most of the nuceic acid 
and protein appears to be non-covalently associated. Non-histone proteins have been 
implicated in globin gene activation in reticulocytes. Thus the DNA sequence 
isolated may be of special significance in transcription. 

THE PIiOTOADDITION OF TRIMETRYLPSORALEN TO DROSOPHILA MELANOGASTER 490 NUCLEI ;  A PROBE FOR CHROMATIN SUBSTRUCTURE, John E .  Hyde, Gary P .  
Wiesehahn,  and John E. H e a r s t ,  Depar tment  of  C h e m i s t r y ,  Univ. of C a l i f .  
B e r k e l e y ,  C a l i f o r n i a  9 4 7 2 0  
D e r i v a t i v e s  of  t h e  f u r o c o u m a r i n ,  p s o r a l e n ,  which  can c o v a l e n t l y  c r o s s -  

l i n k  t h e  DNA double  h e l i x ,  have been used  a s  a p r o b e  f o r  c h r o m a t i n  s t r u c t u r e .  
The DNA i n  D r o s o p h i l a  m e l a n o g a s t e r  n u c l e i  and i n t a c t  c e l l s  i s  p r o t e c t e d  from 
l i g h t - i n d u c e d  p s o r a l e n  b i n d i n g  t o  t h e  e x t e n t  o f  a b o u t  9 0 %  r e l a t i v e  t o  
p u r i f i e d  DNA. P s o r a l e n  t r e a t e d  n u c l e i  have  been  d i g e s t e d  w i t h  n u c l e a s e s  and 
t h e  l o c a t i o n  of  t h e  bound d r u g  examined by g e l  e l e c t r o p h o r e s i s .  M i c r o c o c c a l  
n u c l e a s e  was found t o  a t t a c k  p h o t o r e a c t e d  n u c l e i  i n  such  a way t h a t  p s o r a l e n -  
c o n t a i n i n g  r e g i o n s  of t h e  DNA were p r e f e r e n t i a l l y  e x c i s e d .  P s o r a l e n  d e r i v a -  
t i v e s  t h u s  a p p e a r  t o  b i n d  a t  t h e  r e g u l a r l y  d i s p o s e d  s i t e s  i n  c h r o m a t i n  t h a t  
a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  n u c l e a s e  d i g e s t i o n .  
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