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Metaphase ch romosomes  of the Chinese hamste r ,  differentially condensed by the action of: 
1) 5-bromodeoxyuridine,  2) colcemid, 3) "cold shock," were stained with acridine orange in 
concentrat ions of between 1.5 • 10 -7 and 3 x 10 -~ g /ml  at pH values of between 4.1 and 8.5. 
The s t re tched segments  of the ch romosomes  gave a reddish-orange  f luorescence,  whereas  
the condensed segments  gave a green f luorescence.  Distribution of the color  along the 
length of ch romosome depended chiefly on the acridine orange concentration and on the ex- 
posure  in ul t raviolet  light and was unchanged by variat ions in the pH of the dye and the mo-  
la r i ty  of the buffer in which it was made up. The phenomenon is evidently unconnected with 
variat ions in denaturation of DNA but is mos t  probably due to s t ruc tu ra l -chemica l  differ-  
ences between euchromatin  and heterochromat in .  
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Acridine orange (AO) is often used to a s ses s  the degree of denaturation of chromosomal  DNA after 
var ious  experimental  t rea tments  of cytological preparat ions  [4, 5, 8]. It has recent ly  been shown [6] that 
ch romosomes  differentially condensed by the action of 5-bromodeoxyuridine (5-BDU) give green f luores-  
cence af ter  staining with AO in the condensed segments  and red  f luorescence in the s t re tched segments.  
It is postulated that this effect  may be due to incorporat ion of a brominated p r e c u r s o r  of thymine into the 
DNA, modifying its conformation. F luorescence  of ch romosomes  in which differential condensation was 
induced by 5-BDU, colcemid,  and "cold shock " was investigated. 

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

The investigation was ca r r i ed  out mainly on a culture of Chinese hamste r  f ibroblast - l ike  ceils for 
which the karyotype and technique of culture were descr ibed previously  [3]. Some experiments  were c a r -  
r ied  out on a culture of human per ipheral  blood. Mitotic condensation was delayed by the use of: a) 5- 
BDU in a dose of 200 /zg/ml 5-6 h before fixation of the cells,  b) prolonged culture in medium with colcemid 
[1], and c) "cold shock" - keeping the growing culture for 24 h at 3~ followed by incubation for 1 h at 20~ 
and fur ther  culture at 37~ for another 6 h. The chromosomal  prepara t ions  were obtained by the standard 
method, using m e t h a n o l - a c e t i c  acid (3 : 1) fixative. The AO reagent  (Serva, West  Germany) was made up 
in c i t ra te-phosphate  buffer with a concentrat ion of dye of between 1.5 x 10 -~ and 3.0 x 10 -5 g /ml .  The mo-  
lar i ty  of the buffer var ied  f rom 0.02 to 2.0 M and its pH from 4.1 to 8.5. The preparat ions  were stained 
for 10-15 rain and mounted direct ly  in the solution of the dye. 

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

in all cases  r ega rd less  of the method of obtaining differential condensation of the chromosomes  the 
distribution of color  along their  length was uniform: the s t re tched segments f luoresced in the longer-wave 
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TABLE 1. Color of F luorescence  of Condensed and Stretched Segments of Chromosomes af ter  Trea tmen t  
with Different  Concentrations of AO and with Different  I r radia t ion Times  

AO concentrat ion (in g/ml) I r radia t ion t ime 

Color of f l u o r e s c e n c e  

F i r s t  3-5 rain 
Next 30-40 min 

of condensed segment s t re tched  segment of 
of chromosome chromosome 

F i r s t  1-2 min Green Green 
1.5 �9 10-7-1 �9 10 -s 

Next 5-10 rain Green Orange-green  

5 .10-6-1  �9 10 -5 F i r s t  3 -5  rain Yellow-orange Yellow-orange 
Next 20-30 rain Green Orange- red  

3 �9 10 -5 
Orange- red  
Green 

Orange- red  
Orange- red  

region of the spect rum.  Variat ions in the pat tern of f luorescence  were  connected with the AO concentrat ion 
and the t ime of i r radia t ion (Table 1). The molar i ty  of the buffer and its pH had no  significant effect,  al-  
though with increasing alkalinity of the solution the color  cont ras t  was increased  slightly. 

The resul ts  show that the distinctive coloring of the different ial ly condensed chromosomes  cannot be 
explained e i ther  by incorporat ion of 5-BDU into DNA or by di f ferences  in the degree  of DNA denaturation. 
The possibil i ty cannot be ruled out that the observed color  di f ferences  are  due to factors  nonspecific with 
r e spec t  to DNA, as shown by the absence of any fundamental changes in color  resul t ing f rom variat ion in 
the pH of the dye. In par t icular ,  condensed and s t re tched  regions of ch romosomes  can be considered to 
adsorb the dye differently,  for  the s t re tched regions Consist of he te rochromat in  [1, 3], Character ized by its 
own special  type of replication,  mitot ic  condensation and, evidently, th ree-d imens ional  organization. Mean-  
while, the mechanism of color  t ransformat ion  under the influence of an exciting color,  when in low concen- 
t ra t ions of AO mainly the s t re tched segments  change color  (toward the long-wave region) and with an in-  
c r ea se  in i ts concentrat ion the color  change takes place chiefly in the condensed segments  (toward short  
waves), has not ye t  been complete ly  explained. The fact  that f luorescence was es t imated  in a medium of 
dye does not change the situation, for during control  s tandard staining, as recommended  by Zelenin [2] and 
Rigler  [7], the same effects  could be observed although less  c lear ly .  Within the l imits  of the AO concen- 
t ra t ions  used in the  layer  o f f luorochrome under the covers l ip  hardly any additional background was created,  
but an equil ibrium state was thereby maintained between the bound dye and the surrounding medium, un- 
control lable effects  of washing and differentiat ion were  eliminated,  and the l igh t - res i s tance  of the dye was 
increased.  The conditions as used also enabled a rough es t imate  to be made (from the re la t ive  brightness 
of f luorescence  and the thickness of the layer  of dye and of the chromosome)  of the AO concentrat ion in the 
object,  which was hundreds or thousands of t imes higher  than in the dye solution. On these grounds the ap-  
pearance  of associat ions of molecules  of the f luorochrome in the chromosomal  substra tes  and a shift of 
f luorescence toward the long-wave region can evidently be expected even when the concentrat ions of the 
dye in solution are  so low that usually only a monomolecular  type of binding can be implied [2, 7]. 

The resu l t s  descr ibed  above, showing hew f luorescence depends on the proper t ies  of the chromatin 
and the conditions of analysis ,  thus enable a ve ry  cautious approach to be made to the in terpreta t ion of the 
color  picture  in cases  when AO is used to assess  the degree  of denaturation of DNA in cytological prep-  
arat ions.  A fur ther  study of this phenomenon may also prove useful to the understanding of the nature of 
chromatin  organization in the s t ruc ture  of the mitotic chromosome.  
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