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T E L O M E R I C  F U S I O N  O F  C H R O M O S O M E S  IN C E L L S  
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After  combined t rea tment  of an aneuploid line of Chinese hamste r  cells for  24 h with colcemid 
(0~ pg/ml) and 5-bromodeoxyuridine (50 ~g/ml) specific ch romosomes  with two or  more  cen- 
t r o m e r e s ,  not p resen t  af ter  t rea tment  of the cells with these substances separate ly ,  were found 
in tetraploid metaphases  of the second mitotic division. These chromosomes  were the resul t  
of t e lomer ic  fusion of the chromosomes .  The possible link between this phenomenon and telo- 
mer i c  associa t ion of chromosomes  in the interphase nucleus and also with chromosomal  dis-  
turbances in the Louis - -Bar  syndrome (ataxia-telangiectasia) is discussed.  
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chromosomes .  

After  the addition of colcemid in a concentration temporar i ly  blocking mitosis  because of the absence of 
cytokinesis ,  to a culture of Chinese hams te r  cells for a long t ime mult inuclear  cells containing micronuclei  
replicating asynchronously  are  formed [12]. If the micronucleus  moves in advance along the cycle,  af ter  com- 
pleting replication it may  induce ~premature condensation of the ch romosomes"  of the re ta rded  micronuclei  
[10] and the formation of differentially condensed chromosomes  [6,12]. 

To study the mechanisms  of this phenomenon a new method was used to analyze the chronology of DNA 
replication,  based on the use of 5-bromodeoxyuridine [5,13]. In the p roces s  of the investigation, af ter  s imul-  
taneous addition of 5-bromodeoxyuridine and colcemid for  24 h, i .e. ,  for  the per iod of two mitotic cycles,  a 
cytogenetic effect not previously  descr ibed was discovered:  te lomer ic  fusion of the chromosomes .  

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

Clone 237S of line Bl ld- i i -FAF28 of aneuploid Chinese hamste r  cells was used. The cells were grown 
in Eagle ' s  medium with the addition of 10~ bovine serum.  Colcemid (Calbiochem) in a dose of 0.05 p g / m l  
and 5-bromodeoxyuridine (Schwarzbioresearch) in a dose of 50 pg/ml  were added to the actively growing cul- 
ture 18 h af ter  seeding. Chromosome prepara t ions  were obtained by the Usual method and stained with a z u r e -  
eosin. The experiment  was repeated 4 t imes.  

EXPERIMENTAL RESULTS 

It was shown previously that the mitotic cycle of clone 237S lasts 10-12 h [4]. When fixed after 24 h the 
culture thus contained large numbers of cells with twice the number of chromosomes as the result of the action 
of colcemid. Most of the tetraploid and hypotetraploid metaphases contained chromosomes which had incorporated 
5-bromodeoxyuridine in the course of two replication cycles. The sister chromatids of these chromosomes 

stained differentially and often had a charactristic sickling [7]. 

Chromosomes with two centromeres were found in a high percentage of cases (mean 32) in tetraploid 
and hypotetraploid metaphases with micronuclei. Usually in each such cell there was one dicentric chromo- 
some, but as many as two or three decentrics could be present, with the occasional tricentric (Fig. I). In 
control experiments in which colcemid was added without 5-bromodeoxyuridine or in experiments with 5- 
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Fig. 1. Specific dicentric chromosomes  in cells t reated with colcemid and 5-bromode-  
oxyuridine: a) tetraploid metaphase with three dicentric chromosomes;  b, c) f ragments  
of metaphases  with dicentricso Stained with a z u r e - e o s i n ,  770 • 

bromodeoxyuridine alone no dicentrie chromosomes  were found. 

Chromosomes  with two or  more  cen t romeres  revealed by these experiments  cannot be c lassed as ordi-  
nary dicentric ch romosomes ,  which are  the resul t  of s t ructura l  chromosomal  aberra t ions  and are  formed only 
if the s t ruc tura l  integri ty of the chromosomes  is disturbed~ In aberra t ions  of this sor t  acentr ic  f ragments  
must  be p resen t  in the neares t  mitosis .  The metaphases  now analyzed belonged in fact  to the second mitos is ,  
as was shown by the different staining of the s i s t e r  chromatids;  however,  no acentr ic  f ragments  were found 
in any of the metaphases  studied. Consequently, the origin of the chromosomes  discovered can be more  cor -  
rec t ly  explained by te lomeric  fusion of two or more  monocentr ic  chromosomes .  This is confirmed by the 
d iscovery  in certain cases  of te lomer ic  associat ions,  when in te rchromosomal  f ibri ls  were found between the 
te lomeres  of two or  more  chromosomes .  The hypothesis that dicentr ics  are  formed by fusion of chromosomes  
end to end was recent ly  put forward by Hayashi and Schmid [9], on the basis  of the results  of a cytogenetic 
analysis  of pa,tients with the Louis - -Bar  syndrome (ataxia-telangiectasia).  

In the cytogenetic l i tera ture  there are  descript ions of spontaneous te lomeric  associat ions of chromosomes  
in some species of plants and animals in meios is  and mitosis .  The opinion has been expressed  that a definite 
o rde r  of a r rangement  of the chromosomes  in the interphase nucleus is produced through the associat ion of 
their  t e lomeres  [3,8]. According to one hypothesis,  the activity of the te lomeres  of ch romosomes  undergoes 
cyclic changes [2]. One possibil i ty is that in the experimental  model descr ibed in this paper  the controlled 
activity of the te lomere  is disturbed by the action of 5-bromodeoxyuridine and colcemid,  as a resul t  of which 
the breakdown of the te lomeric  associat ions is disturbed in individual chromosomes ,  evidently ar is ing f rom 
micronuclei .  

A hypothesis can accordingly be put forward to explain the pathogenesis of the L o u i s - B a r  syndrome 
(ataxia-telangiectasia) ,  an autosomal recess ive  disease one feature of which is that such patients have cells 
and their  clones with s t ructura l ly  changed chromosomes  [1,11], among which specific dicentr ics  formed by 
end to end fusion can be found [9]. If the well-known ideas on the regulatory role of genes in the mitotic cell 
cycle are  accepted and the existence of mutations disturbing various stages of this p rocess  is taken into con- 
sideration,  the genetic disturbance of the cycl ic  activity of the te lomeres  in the L o u i s - B a r  syndrome can be 
postulated. As a resul t  of this disturbance the dicentric chromosomes  descr ibed above would be formed.  The 
dicentr ics  are  unstable chromosomal  s t ruc tures ,  and on separat ion of the cen t romeres  into the daughter cells 
s t ruc tura l  aberra t ions  of chromosomal  type would be formed.  

1433 



Now that i t  is poss ib le ,  as the w r i t e r  has shown, to detect  t e l o m e r i c  fusion of c h r o m o s o m e s  the way is 
open for  the expe r imen ta l  study of the m e c h a n i s m s  and biological  role  of t e l o m e r i c  in te rac t ion  between c h r o -  
m o s o m e s  in health and d i sease .  
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I N D E P E N D E N T  I N T E G R A T I O N  O F  G E N E S  C O N T R O L L I N G  

T H E  I N V A S I V E  P R O P E R T I E S  A N D  S T R E P T O M Y C I N  

R E S I S T A N C E  O F  E N T E R O P A T H O G E N I C  S T R A I N  
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Cross ing  Escher ich ia  coli K12 Hfr  AB313 with an enteropathogenic  s t ra in  of E. coli of the s e r o -  
logical  group 0124 yielded recombinants  which had los t  the i r  invas iveness .  The loss  of invas i -  
veness  of these  recombinan ts  was not due to the acquisi t ion of genes controll ing r e s i s t ance  to 
St reptomycin .  

KEY WORDS: enteropathogenic  s t r a ins  of E. coli; invas iveness ;  s t r ep tomyc in  res i s t ance ;  
t r a n s m i s s i o n  of genes.  

One of the f ac to r s  in the pathogenici ty  of shigel las  and cer ta in  se ro log ica l  groups of enteropathogenic  
e sche r i ch ia s  is invas iveness .  Invest igat ions  [1-3] have shown that  r ep l acemen t  of the s t r ep tomyc in  region of 
invasive s t ra ins  of shigel las  and e sche r i ch ia s  by the cor responding  s t r e p t o m y c i n - r e s i s t a n t  region of noninvasive 
e sche r i ch ia s  in conjugation expe r imen t s  leads as a rule  to loss  of invas iveness .  This sugges ted  the exis tence  
of a spec ia l  gene (or genes) control l ing this p rope r ty .  However,  the difficulty in the in te rpre ta t ion  of these  
findings is that  incorpora t ion  of the s t r e p t o m y c i n - r e s i s t a n t  region can i tse l f  cause loss  of v i ru lence  because  of 
d is turbance  of synthet ic  p r o c e s s e s .  

In this invest igat ion an a t tempt  was made  to d i scove r  whether  the loss  of invas iveness  is connected with 
the acquisi t ion of genes of the s t r ep tomyc in  r e s i s t a n t  region or  of genes outside it. 
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