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Cul tures  of  p e r i p h e r a l  blood lymphocytes  f r o m  no rma l  pe r sons  of both sexes  were  t rea ted  
with 5-bromodeoxyur id ine  (BDU; 20 #g /ml ) ,  5-f luorodeoxyuridine (FDU; 0.1 #g /ml ) ,  and 
uridine (2 /~g/ml)~ Chromosome  p repa ra t i ons  were  obtained 5 h la ter ,  incubated in a solu-  
tion of the f luorochrome Hoechst  33258, and then stained with a 2% solution of G i e m s a ' s  
stain in phosphate  buffer ,  pH 5.0o Segments of the c h r o m o s o m e s  that incorpora ted  BDU 
stained weakly with G i e m s a ' s  s ta in,  as  a r e su l t  of which the l a t e - rep l i ca t ing  reg ions  showed 
up in each c h r o m o s o m e  as  weakly stained segments .  The late repl icat ion pa t t e rn  of DNA 
in all human c h r o m o s o m e s  was desc r ibed  on the bas i s  of this method.  The method is  much 
supe r io r  in reso lv ing  power  to autoradiographyo 
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All that i s  now known about the o r d e r  of DNA repl icat ion in the c h r o m o s o m e s  of higher  o r g a n i s m s  
has been  learned through the use  of a single method,  au toradiographic  de te rmina t ion  of the incorpora t ion  of 
labeled DNA p r e c u r s o r s .  Because  of i ts  low reso lv ing  power  when used with metaphase  c h r o m o s o m e s ,  this 
method has  not been able to provide  accura te  informat ion on the local izat ion of segments  differ ing in thei r  
repl ica t ion t ime  in c h r o m o s o m e s .  

The w r i t e r s  p rev ious ly  demons t ra t ed  delay in the condensation of s egmen t s  of  c h r o m o s o m e s  i n co r -  
porat ing 5-bromodeoxyur id ine  (BDU) in high concentra t ions  at the end of the per iod  of DNA syn thes i s .  Be -  
cause  of the i r r e g u l a r  condensation of the c h r o m o s o m e  along i ts  length, the chronology of reproduct ion  of 
i ts  segments  can be a s s e s s e d  in this way [1, 3, 4]~ However ,  the local izat ion only of the l a r g e s t  regions  
with the g r e a t e s t  de lay  in repl ica t ion  has  proved to be  de te rminab le  on the ba s i s  of i r r egu la r i t y  of conden- 
sat ion.  Recent ly the  inabili ty of segments  of c h r o m o s o m e s  incorpora t ing  BDU to f luoresce  a f t e r  s taining 
with the f luo roehrome  Hoechst  33258 has  been demons t ra t ed  and in this way a d i f ference  in the repl icat ion 
t ime of X c h r o m o s o m e s  in human female  cel ls  has been found [7, 8]. The  technique became  s impiif ied when 
P e r r y  and Wolff [9] showed that c h r o m o s o m e  segments  incorpora t ing  BDU and t rea ted  with Hoechst  33258 
take up Giemsa  stain only weakly.  

The authors  have made a f i r s t  a t tempt  to use the phenomenon of weakened staining of c h r o m o s o m a l  
ma te r i a l  incorpora t ing  BDU in o r d e r  to study the o r d e r  of  DNA repl ica t ion along the length of all  human 
c h r o m o s o m e s .  The  r e su l t s  of such an invest igat ion for  the final s tages  of the S per iod a r e  given in this 
paper .  

E X P E R I M E N T A L  M E T H O D  

Cultures of human blood f r o m  two phenotypical ly  no rma l  donors  of both sexes  were  used.  Lymphocyte  
cul tures  were  p r e p a r e d  in Eag le ' s  med ium with the addition of 10% group AB human blood s e r u m  and phyto-  
hemagglutinin (Difco P). Af te r  cult ivation for  67 h the cul tures  were  t rea ted ,  5 h be fo re  fixation, with BDU, 
5--fluorodeoxyuridine (FDU), and uridine in concentra t ions  of 20, 0.1, and 2 # g / m l ,  r e spec t ive ly .  The  las t  
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Fig. 1. Differential staining of human chromosomes (normal female karyotype) incorpo- 
rating 5-bromodeoxyuridine inthe final stages of the synthetic period. Unstained or  weakly 
stained segments correspond to areas of late DNA replication. 
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F,ig. 2. Scheme of repl icat ion structure of human 
ehromosomes in f inal stages of the synthetic period. 
Black and white segments eorrespond to areas Of 
early and late replication; obliquely shaded areas 
correspond to intermediate times of replication~ 
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two compounds were  used to b lock incorpora t ion  of endogenous thymidine into DNAo Colcemid was added 
to accumula te  me taphase s  1 h be fo re  fixation, in a dose  of 0.06 #g /ml .  Ch romosome  p repa ra t ions  were  
made by the dry ing  method.  One half  of each p repa ra t ion  was t rea ted  fo r  15 rain with a solution of Hoechst  
33258 (final concentrat ion 0~ #g /ml  deionized wa te r  o r  physiologica l  saline),  and the o ther  half  acted as 
the control .  The  p r e p a r a t i o n s  were  then washed in tapwater ,  mounted in deionized water  or  physiological  
sa l ine  under  a covers l ip ,  kept for a few hours  in light, again r insed  with tapwater ,  and stained for  10 min 
with a 2% solution of G i e m s a ' s  s tain made up in phosphate buf fer  (pH 5.0). 

E X P E R I M E N T A L  R E S U L T S  

Metaphase p la t e s  f r o m  the p r e p a r a t i o n s  t r ea ted  as desc r ibed  above w e r e  stained dif ferent ia l ly  along 
the i r  length (Fig. 1)o In the control  halves  of the p r epa ra t i ons  the c h r o m o s o m e s  of all me taphases  were  uni-  
formly  stained.  Metaphases  with d i f ferent ia l  staining often di f fered in the staining pa t t e rn  of  the s a m e  
c h r o m o s o m e s ,  and m e t a p h a s e s  with homogeneously stained c h r o m o s o m e s  were  seen.  This  p ic ture  is in 
good a g r e e m e n t  with the na ture  of the staining; it is  due to incorpora t ion  of BDU into the c h r o m o s o m e s ,  the 
degree  of which v a r i e s  f rom cell to cell  because  of the i r  unsynchronized pa s sage  through the cell cycle.  
A careful  study of seve ra l  dozen me taphases  under the m i c r o s c o p e  andin  photographs  showed that,  within a 
ce r ta in  range  of var ia t ion ,  a mos t  f requent  pa t t e rn  of a r r a n g e m e n t  of the stained (i.e., repl ica t ing before  
addition of BDU) and unstained (repl icat ing in the p r e s e n c e  of BDU) segments  could be dist inguished in each 
ch romosome  (Fig. 2). The following p r e l i m i n a r y  conclusion can be  drawn f r o m  an analys is  of this p ic ture .  

All human c h r o m o s o m e s  a re  s t r u c t u r e s  with l inear  different ia t ion into many segments  with different  
DNA repl ica t ion  t imes .  As a rule  the segments  a re  smal l .  Each c h r o m o s o m e  is cha rac t e r i zed  by its own 
specif ic  pa t te rn  of a r r a n g e m e n t  of  e a r l y -  and l a t e - r ep l i ca t ing  regions ,  and all human c h r o m o s o m e s  can 
accordingly be eas i ly  individualized with r e f e r e n c e  to this f ea tu re .  The  l a rge s t  unstained segments  e o r r e -  
spond to thoseshown  to be  l a t e - r ep l i ca t ing  by autoradiography [5, 6] and desc r ibed  prev ious ly  as taking pa r t  
late in condensation under  the influence of high concentra t ions  of BDU [1, 2]. Ch romosomes  ca r ry ing  such 
regions  include au tos . rues  1, 4, 5, 6, 9, 13, and 16 and the X and Y sex  c h r o m o s o m e s .  Different iat ion of 
human c h r o m o s o m e s  in compara t ive ly  smal l  segments  measu r ing ,  as  a rule ,  l e ss  than 1 # on the b a s i s  of 
DNA repl ica t ion  t ime ,  de tec table  by this new method,  explains why it has  not been poss ib l e  to de sc r i b e  the 
repl ica t ion s t ruc tu re  of human c h r o m o s o m e s  sufficiently definitely by au toradiography.  

Compar ison  of the repl icat ion s t ruc tu re  of human c h r o m o s o m e s  thus revea led  with the p a t t e r n  of 
P staining shows a large m e a s u r e  of a g r e e m e n t .  Th is  conf i rms  the w r i t e r s '  e a r l i e r  hypothesis  of the 
impor tan t  role  of  s t ruc tu ra l  and functional different ia t ion of c h r o m o s o m e s  in the fo rmat ion  of the d i f feren-  
tial staining pa t t e rn  [2]. 

The r e su l t s  desc r ibed  above m a r k  the f i r s t  step in the study of the repl ica t ion s t ruc tu re  of eukaryote  
c h r o m o s o m e s  by  means  of a new technique. The  compar i son  of pa t t e rn s  of  BDU incorpora t ion  at d i f ferent  
s tages  of the S per iod can r e su l t  in an accura te  and dynamic descr ip t ion  of the repl icat ion s t ruc tu re  of  
c h r o m o s o m e s .  
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