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Pa t t e rns  of di f ferent ia l  longitudinal sp i ra l iza t ion  of c h r o m o s o m e s  induced by the addition of 
5-bromodeoxyur idine  (200/~g/ml) for 5-7 h before  fixation of the ce l l s  were  compa red  with 
the di f ferent ia l  staining of normal ly  sp i ra l ized  c h r o m o s o m e s  with Giemsa  stain in c h r o m o -  
somes  of lymphocytes  in human blood cul tures .  The pa t t e rns  of different ia t ion of both types 
were  found to coincide for all  c h r o m o s o m e s  of the normal  karyotype;  a r e a s  of incomplete  
spi ra l iza t ion cor responded  to a r e a s  staining intensively with the Giemsa  stain. The signifi-  
cance of these r e su l t s  in connection with the mechan i sms  of different ia l  staining of metaphase  
c h r o m o s o m e s  is d iscussed.  
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The abili ty of metaphase  c h r o m o s o m e s  to give longitudinal different ial  staining by the use of ce r t a in  
f luoroehrome or  G i e m s a ' s  s tain has recent ly  been d i scovered  [4, 6, 7, 11]. Because of the cons tancy and 
specif ici ty  of the pat tern  of this staining in individual c h r o m o s o m e s  the cor responding  methods have become 
widely used for ch romosoma l  identification. However,  the nature  of this phenomenon is stil l  unexplained. 
Init ially d i f fe rences  in the abil i ty of a r e a s  of the c h r o m o s o m e  to bind the dye were  explained by d i f fe rences  
in the content of repeat ing nucleotide sequences of DNA. This explanation met  with s eve ra l  difficulties;  in 
par t i cu la r ,  it ignores  the possible  role of the protein component  of the c h r o m o s o m e  in this phenomenon and 
re la t ions  between the c h r o m o s o m a l  DNA and prote ins  [1, 5, 8]. 

The wr i t e r s  have shown previous ly  that dif ferent  pa r t s  of the c h r o m o s o m e s  pass  through mitotic sp i -  
ra l izat ion at dif ferent  t imes  and this unsynchronized sp i ra l iza t ion  in mi tos is  is c lose ly  connected with the 
unsynchronized longitudinal repl icat ion of the c h r o m o s o m e  [12]. 

The compara t ive  study of pa t t e rns  of different ia l  staining and dif ferent ia l  sp i ra l iza t ion  in the same 
c h r o m o s o m e s  is of g rea t  scientif ic interest .  The basic  resu l t s  of such a compar i son  conducted on human 
c h r o m o s o m e s  and their  impor tance  for  the elucidation of the nature of di f ferent ia l  staining of c h r o m o s o m e s  
in the metaphase  of mi tos i s  a re  the subjects  of this paper.  

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

Chromosomes  of pe r iphe ra l  blood lymphocytes  of no rma l  pe rsons  of both sexes ,  cult ivated by the usual 
method, were  investigated. Chromosome  prepara t ions  were  made by drying. Different ia l  sp i ra l iza t ion  was 
detected by t reat ing the c h r o m o s o m e s  with 5-bromodeoxyur idine  (BDU) by the method descr ibed  e a r l i e r  [2]. 
Two var ian ts  of the so-ca l led  G-technique were  used for d i f ferent ia l  staining [10]. In the f i rs t ,  G i e m s a ' s  
stain was used in a dilution of 1 : 50 with phosphate buffer ,  pH 6.8 [3]. The second fo rm differed f rom the 
f i r s t  in that t rypsin  (0.25%) was added to the solution of dye in buffer  in a final dilution of 1 : 50. 
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Fig. 1. Longitudinal d i f ferent ia t ion of individual 
human c h r o m o s o m e s  (1, 4, 6, 13, 16, 19, 21, X) 
detected with the aid of BDU (on the left  of schemes)  
o r  by G-s ta in ing  (on r ight  of schemes)  and schemat ic  
in terpre ta t ion .  
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Fig. 2. Scheme of hypothetical  con-  
nection between d i f ferent ia l  conden-  
sation and longitudinal d i f ferent ia l  
s taining of the c h r o m o s o m e :  A) i n t e r -  
phase cel l  nucleus; B) prophase;  C) 
metaphase ;  1) late repl ica t ing  segmen t s  
cor responding  to dense ly  condensed 
a r e a s  in A and B; 2) segments  d i f f e r -  
ential ly sp i ra l i zed  under the influence 
of BDU; 3) different ia t ion by G - s t a i n -  
ing; 4) differentiat iol ,  by Q-sta ining.  

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

Compared  with the pic ture  of different ial  sp i ra l iza t ion  
induced by BDU, longitudinal different ia t ion of the c h r o m o -  
somes  detected by the G-technique was r i che r  in deta i ls  and 
in success fu l  p repa ra t ions  it affected al l  c h r o m o s o m e s  of a 
given metaphase  plate. Beside these d i f fe rences ,  during 
carefu l  compar i son  of the p ic tu res  of BDU-induced i r r e g u l a r  
sp i ra l iza t ion  and of different ia l  G-s ta in ing  a basic  s imi l a r i ty  
was found in the number ,  s ize ,  and mutual  a r r a n g e m e n t  of 
the pr inc ipa l  segments  in each c h r o m o s o m e  of the human 
karyotype.  This s ta te  of a f fa i r s  is i l lus t ra ted  in Fig. 1 for 
c h r o m o s o m e s  1, 4, 6, 13, 16, 19, 21, and X. A r e a s  of de-  
layed sp i ra l iza t ion  (i.e., of late replicat ion) co r r e spond  to 
a r e a s  staining intensely with Giemsa  dye. Because of coin-  
cidence between these a r e a s  and the ac t ive ly  f luorescent  
a r e a s  of the c h r o m o s o m e  when stained with quinacrine o r  
quinacrine mus ta rd  [10], the pa t t e rns  of different ia l  sp i r a l i -  
zation and of di f ferent ia l  f luorescence  can also be said to 
cor respond .  

It was shown prev ious ly  that the repl ica t ion t ime of a c h r o m o s o m a l  segment  and the t ime of its m i -  
totic sp i ra l iza t ion  c o r r e l a t e  c lose ly  [1, 2, 12]. There  is e v e r y  reason  to suppose that both these p r o c e s s e s  
a re  de te rmined ,  in turn,  by the s tate  of condensat ion of the c h r o m o s o m a l  segment  in the in terphase  cel l  
nucleus [9]. Consequently,  it can be concluded f rom these r e su l t s  that the behavior  of the c h r o m o s o m a l  
segmen~ toward staining with Giemsa  dye c o r r e s p o n d s  to its s tate in the in terphase  nucleus: segments  in 
a condensed s tate  in the in terphase  per iod a r e  deeply stained (Fig. 2). The p resen t  r esu l t s  agree  c lose ly  
with r ecen t  obse rva t ions  indicating the dec is ive  role of c h r o m o s o m a l  prote ins  o r  their  in teract ion with DNA 
in the phenomenon of d i f ferent ia l  s taining [5, 8]. They also help to explain why different  segments  of the 
metaphase  c h r o m o s o m e s  could d i f fer  depending on the type of c h r o m o s o m a l  pro te ins  or  on their  re la t ions  
with DNA. The metaphase  c h r o m o s o m e  evidently p r e s e r v e s  many  of the fea tu res  of organizat ion that p r e -  
exis t  in the in terphase  nucleus,  that a re  connected with di f ferent ia l  function of the c h r o m o s o m e  segments ,  
and on which in terac t ion  between prote in  and nucleic acid m a c r o m o l e c u l e s  m u s t  be based. Consequently,  
our  obse rva t ions  r a i se  the question that d i f ferent ia l  staining of metaphase  c h r o m o s o m e s  is de te rmined  p r i -  
m a r i l y  by s t ruc tu ra l  and chemica l  f ea tu res  dis t inguishing the organiza t ion  of the c h r o m o s o m e  in the in te r -  
phase nucleus and which lie at the bas i s  of d i f ferent ia l  longitudinal condensation of the c h r o m o s o m e  and 
their  d i f ferent ia l  ac t iv i ty  with r e s p e c t  to the functions of reproduct ion and t ranscr ip t ion  assoc ia ted  with it. 

L I T E R A T U R E  C I T E D  

1. A . F .  Zakharov,  Vestn. Akad. Med. Nauk SSSR, No. 1, 44 (1973). 

823 



2. A . F .  Zakharov, L. I. Baranovskaya,  V. S. Demintseva,  e t  al. ,  Tsitologiya,  15, 508 (1973). 
3. Yu. V. Seleznev, Byull. l~ksperim. Biol. i Med., No. 4, 122 (1972). 
4. T. Caspersson,  L. Zech, C. Johansson,  e t  al. ,  Chromosoma (Berlin), 30, 215 (1970). 
5. D . E .  Comings, E. Avelino, T. A. Okada, et  al . ,  Exp. Cell Res. ,  77, 469 (1973). 
6. M . E .  Drets  and M. W. Shaw, Proco Nat. Acad. Sci. (Washington), 6_~8, 2073 (1971). 
7. B. Dutrillaux and J. Lejeune,  Compt. Rend. Acad. Sci. (Paris),  272D, 2638 (1971). 
8. I-I. Kato and K. Moriwaki, Chromosoma (Berlin), 38, 105 (1972). 
9. T. Kuroiwa, Exp. Cell Res.,  6._99, 97 (1971). 

10. Birth Defects,  Original Art ic le  Ser ies  (New York), 8, No. 7 (1972). 
11. A . T .  Sumner,  H. J. Evans,  and R. A. Buckland, Nature,  23.~2, 31 (1971). 
12J A . F .  Zakharov and N. A. Egolina, Chromosoma (Berlin), 3_88, 341 (1972). 

824 


