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A modif ied method of obtaining d i f ferent ia l  s taining of s i s t e r  ch romat ids  is desc r ibed .  It  is 
s imple ,  quick, and highly reproduc ib le ,  but a t  the  s a m e  t i m e  is cheap and read i ly  access ib le ,  for  
the r eagen t s  used  a r e  widely avai lable .  When 5 -b romodeoxyur id ine  was added to a Chinese  
h a m s t e r  cel l  cul ture  24 h before  fixation the p ropor t ion  of me taphase s  with d i f ferent ia l  staining 
of ch romat ids  was 95-98%, but if the subs tance  was added 28 h before  fixation to a cul ture  of hu- 
man lymphocytes  the p ropor t ion  va r i ed  between 75 and 90% depending on the  individual. The 
mean  number  of  s i s t e r  ch romat id  exchanges in human lymphocytes  was found to be independent 
of the fixation t ime .  

KEY WORDS: different ia l  staining; s i s t e r  chromat ids ;  chromat id  exchanges.  

The ef fec t  of 5 -bromodeoxyur id ine  on dif ferent ia l  s taining of regions  of the c h r o m o s o m e s  was f i r s t  
demons t r a t ed  by  Zakharov  and Egolina [4]. Using this p r o p e r t y  of 5-bromodeoxyur id ine ,  Lat t  [2] developed 
a method of d i f ferent ia l  s taining of s i s t e r  chromat ids ,  which was improved  by P e r r y  and Wolff [3]. The method 
was  based  on the use  of p r e l i m i n a r y  s taining of c h r o m o s o m e  p r e p a r a t i o n s  with the dye Hoechs t  33258. La te r ,  
Korenbe rg  and F r e e d l a n d e r  [1] developed a method of d i f ferent ia l  s taining of s i s t e r  ch romat ids  in which the 
p r e p a r a t i o n s  were  heated in alkal ine solut ions.  The  final s tage in these  methods was staining by the Giemsa  
method in buffered solution. If the method of di f ferent ia l  s taining of s i s t e r  ch romat ids  in cytogenet ics  is to 
be widely used, it mus t  be s imple ,  cheap, and highly reproduc ib le .  A method sa t is fying these  conditions and 
t e s t ed  on cu l tu res  of  human lymphocytes  and Chinese h a m s t e r  ce l l s  is desc r ibed  below. 

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

A t ransp lan tab le  cu lk t re  of  Chinese  h a m s t e r  ce l l s  of clone 2372a with 18 c h r o m o s o m e s  in the karyotype  
and a s h o r t - t e r m  cul ture  of human p e r i p h e r a l  blood lymphocytes  were  used. 5-Bromodeoxyur id ine  in a con-  
cent ra t ion  of 10 ~ g / m l  was  added 24 h be fo re  f ixation to the cul ture  of Chinese h a m s t e r  cel ls  and 28 h before  
fixation to the lymphocyte  cul ture .  The  lymphocyte  cul ture  was fixed 72 and 96 h a f te r  addition of phy tohemag-  
glutinin. Colchicine was added to the cul tures  2 h be fo re  fixation in a concentra t ion of 0.5 ~ g / m l .  Hypotonicity 
was  produced when Chinese  h a m s t e r  ce l l s  we re  used by means  of 1% sodium c i t r a t e  (20 rain) and when human 
lymphocy tes  we re  used, by means  of a 0.55% p o t a s s i u m  chloride solution (10 min) at 37~ The  cu l tures  were  
fixed in a r a ~ e  of methanol  and acet ic  acid (3 : 1). The  spec imens  were  p r e p a r e d  by applying the cel l  s u s -  
pens ion to cold wet  s l ides  which were  then dried in the a i r .  Af ter  staining, the p r epa ra t i ons  were  k e p t  in a 
t h e r m o s t a t  (37~ for  not l ess  than 24 h. 
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Fig.  1. Metaphase plate of culture of human lympho-  
�9 cytes  with differential  staining of s i s te r  chromat ids .  
Here  and in Fig.  2, 800 x. 

Fig.  2. Metaphase plate of culture of Chi-  
nese hams te r  cel ls  with differential s tain-  
ing of s is ter  chromat ids .  

The f i lms were stained as follows. They were kept for 10 rain in an aqueous solution of acridine orange 
(10 -5 M), washed with water,  and dried.  They were then coated with a thin layer  of 0.07 M Na2HPO 4 solution 
and i r radia ted for 15 rain by an SVD.120A ul t raviolet  lamp at a distance of 30-40 cm. After  i r radiat ion the 
f i lms were washed in tap water and t rea ted  in a sa tura ted  solution of ba r ium hydroxide at r o o m  tempera tu re  
for  5 rain in the case  of human tymphocytes and 30 min in the case of Chinese hams te r  cells.  The fi lms were  
then washed and dried and then stained with 2% Giemsa solution made up in phosphate buffer (pH 6.8) for 15- 
20 rain. 

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

Differential  staining of the s i s t e r  chromat ids  obtained by the method descr ibed above is i l lustrated f o r  
human lymphocytes  in Fig.  1 and for Chinese hamste r  cel ls  in Fig.  2. During elaborat ion of the method v a r i -  
ous al ternat ive stains were tested.  It was found that wi thoutacr id ine  orange t rea tment  differential staining 
did not take place.  It l ikewise was not obtained if the f i lms were  not i r radiated with ul t raviolet  light and also 
without bar ium hydroxide t r ea tment  even though all other p rocedures  of the method were  ca r r i ed  out. I t  was 
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also noted that  s a t i s f ac to ry  r e su l t s  were  obtained by i r radia t ing  p r e p a r a t i o n s  with u l t rav io le t  light while in 
ac r id ine  o range  solution. The Na2I-IPO 4 solution a lso  can be rep laced  by isotonic sodium chloride solution. 
However ,  be t te r  con t ras t  between staining of the s i s t e r  chromat ids  and be t t e r  quality of staining were  obtained 
by the method suggested above.  Ins tead of acr id ine  orange it is poss ib le  to use  an aqueous solution of Hoechs t  
33258 (1 /~g /ml )  with the s a m e  effect .  If  b a r i u m  hydroxide t r e a t m e n t  was prolonged or  if the t e m p e r a t u r e  of 
the solution r o s e  to 37~C, both ch romat ids  were  pa le ly  stained and the phenomenon of different ial  staining did 
not occur. 

If 5 -bromodeoxyur id ine  was added to a cul ture  of Chinese h a m s t e r  ce l l s  under the conditions desc r ibed  
above an ef fec t  of d i f ferent ia l  s taining of the s i s t e r  ch romat ids  was obse rved  in 95-98% of cells ,  and if added 
to a cul ture  of  human lymphocytes  it was obse rved  in 75-90% of ce l l s  depending on the  individual. These  v a r i -  
a t ions can evidently be a t t r ibuted to d i f fe rences  in the durat ion of the cel l  cycle  in di f ferent  individuals and 
a lso  with the  m o r e  rap id  asynchroniza t ion  of the human lymphocyte  cul ture  than the cul ture  of Chinese h a m s t e r  
ce l l s .  

The  level  of  s i s t e r  chromat id  exchanges  in Chinese  h a m s t e r  ce l l s  was  de te rmined  in the c o u r s e  of the 
expe r imen t s .  On ana lys i s  of  500 ce l l s  the mean  number  of  s i s t e r  exchanges  p e r  cell  was 6.004 with a d i s p e r -  
sion of 7.376 and a 95% confidence in terval  of the mean f r o m  4.768 to 7.557 exchanges  pe r  cel l .  The  number  
of  exchanges per  cell  va r i ed  f r o m  0 to 15. The  level  of s i s t e r  chromat id  exchanges in human lymphocytes  
was  de te rmined  a f t e r  different  methods of fixation and with the use  of cu l tures  f r o m  the same  donor.  In each 
case  50 me taphases  were  analyzed.  With fixation at 72 h the mean number  of exchanges pe r  cell  was 7.00, 
and a f te r  96 h it was 6.92, or  v i r tua l ly  the same .  La te r  f ixation can thus be used in o rde r  to obtain a l a r g e r  
number  of mi to ses  in cu l tures  of human lymphocytes ,  for  the t i m e  of f ixation does not a f f e c t t h e  number  of 
s i s t e r  chromat id  exchanges.  
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A modificat ion of Nove l l i ' s  combined his tological  s taining method whereby the functional s ta te  
of hepatocytes  can be de te rmined  is suggested.  
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The  di f ferent ia t ion of flmctional s ta tes  of cel ls  during the study of  nat ive and fixed t i s sues  continues to 
a t t r ac t  the at tention of expe r imen ta l  w o r k e r s  and pathomorphologis ts .  The re  a re  indications in the l i t e r a tu r e  
of d i f fe rences  in the functional s ta te  of ce l l s  and the labi l i ty  of ce l lu la r  s t r u c t u r e s  in the o rgans  under no rma l  
and pathological  conditions [1, 5, 6]. 

Novell i  [7] suggested a method of double s taining - with alcian blue and carbol  fuchsin - of diSferent o rgans  
of exper imenta l  an imals ,  including the l iver .  Novell i  concluded that  this  method can be used to d i f ferent ia te  
cel ls  on the ba s i s  of the i r  functional s ta te .  P a r a l l e l  exper imen t s  on isolated nuclei  and with s taining by the 
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