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It was  shown by a m i c ro f l uo rom e t r i c  method that  DNA in the DNP individual cell  nuclei ,  
when denatured by heat,  is capable  of rap id  rena tu ra t ion  (by 50% af te r  1 min at 20~ In 
the region preced ing  mel t ing the dye-binding abili ty of the ce l l s  depends on t e m p e r a t u r e :  
the m a x i m u m  of f luorescence  (dye-binding) of the nuclei l ies  within the t e m p e r a t u r e  range  
55-65~ Formaldehyde ,  in a concentra t ion of 0.2 M, af ter  s eve ra l  minutes  substant ia l ly  
weakens  the dye-binding p r o p e r t i e s  of the nuclei of hen ' s  e r y t h r o e y t e s  and human p e r i p h e r -  
al blood lymphocytes .  

A m i c r o f l u o r o m e t r i c  method of obtaining t e m p e r a t u r e  denaturat ion (melting) cu rves  of the DNP 
complex  of individual cel l  nuclei ha s  been  desc r ibed  [2, 3]. Since the m a x i m u m  of f luorescence  of acr id ine  
orange,  when bound with s ing le -he l ica l  segments  of DNA, l ies  in the region of 640 nm,  and when bound with 
double-hel ica l  segments ,  in the reg ion  of 530 nm it is  poss ib le  to de te rmine  quanti tat ively the degree  of 
uncoiling or "melt ing" of DNA as  a const i tuent  of the DNP complex f r o m  the value of alpha (a  =I64JI530, 
where  I r e p r e s e n t s  the intensi ty of f luorescence) .  

In the invest igat ion desc r ibed  below the e f fec t iveness  of the s tabi l izing act ion of 4% formaldehyde  
solution, a concentra t ion  r e g a r d e d  as adequate for  s tabi l izing s ingle-he l ica l  segments  of DNA fo rmed  by 
heat ing DNA solutions,  was  studied. 

EXPERIMENTAL METHOD 

A number of modifications were introduced into the original method of obtaining melting profiles of 
nuclear DNP [2,3] : to prevent renaturation of the DNA, the specimens after melting were immediately 
placed for 30 sec in SSC (salt-sodium citrate solution eonsi'sting of 0.15 M NaCI and 0.015 M sodium ci- 
trate), the temperature of which was fixed strictly at 0~ No subsequent dehydration was carried out and 
the specimens were fixed in a mixture of equal volumes of ethanol and acetone (the fixative) strictly at 
0~ All subsequent procedures were carried out as described in the original method. 

Renaturation was studied by the following method. Specimens heated in the melting medium (4% 
formaldehyde solution in SSC) at 96-97~ for 20 rain were quickly transferred to SSC at different temper- 
atures (-3, 0, 8, 20, and 37~ for 1 rain. They were then fixed in the mixture at 0~ stained, and 
measured. 

The effect of formaldehyde on dye-binding by DNA molecules of the cell nuclei was studied as fol- 
lows. The fixed specimens were placed in SSC at 20~ transferred into 0.2 and 4~0 formaldehyde solution 
made up in SSC at 0~ for i, i0, and 20 rain, and then fixed and stained. 
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Fig. 1. Change in intensity of 
fluorescence (in conventional 
units) and in value of alpha for 
DNP of individual  ce l l  nuclei  
(human blood lymphocytes)  on 
mel t ing :  1) in tens i ty  of f l u o r e s -  
cence m e a s u r e d  at 530 nm; 2) 
the same  at 640 nm; 3) value o fa .  
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Fig .  3. Effect  of fo rmaldehyde  on dye-  
binding abi l i ty  of DNP of individual  cel l  
nucle i .  A b s c i s s a ,  dura t ion  of incubation" 
in fo rmaldehyde  solut ions of d i f ferent  
concen t ra t ions  made up in SSC; ord ina te ,  
r a t i o  between in t ens i t i e s  of f l uo rescence  
of ce l l s  incubated in SSC containing and 
not containing formaldehyde ,  m e a s u r e d  
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Fig .  2. Effect of t e m p e r a t u r e  on r e n a t u r -  
a t ion of DNA of individual  ce l l  nuclei .  Ab- 
s c i s s a ,  t e m p e r a t u r e  of SSC in which spec i -  
mens  w e r e  incubated for 1 min a f te r  " m e l t -  
ing"; o rd ina te ,  r a t i o  between value of a ob- 
ta ined  in SSC at a given t e m p e r a t u r e  and va l -  
ue of a obtained in SSE at - 3 ~  Resu l t s  of 
individual  e x p e r i m e n t s  and combined r e n a t u r -  
at ion curve  shown. Absolute  va lues  of a ob- 
s e rved  in cont ro l  (ac) and a f te r  mel t ing  of 
c e l l s  ( a  m ) a l so  a r e  given. 

F l u o r e s c e n c e  of at l e a s t  ten ce l l  nuclei  was  m e a s u r e d  
in each spec imen.  Light with a = 380-430 nm was  used  for  
exc i ta t ion .  An N.A. 1.1 ep iobjec t ive ,  with magnif ica t ion  of 
95, was  used .  

at 530 nm: 1) hens '  e r y t h r o c y t e s ,  2) hu- 
made.  Lymphocytes  of human p e r i p h e r a l  blood and h e n ' s  

man lymphoey tes ,  e r y t h r o c y t e s  we re  used  as  the t e s t  ob jec t s .  

In work  with these  objec ts  r ena tu r a t i on  of the DNA of p r e l i m i n a r i l y  hea ted  ce l l s  was  obse rved  t o t ake  
p lace  f a i r l y  r ap id ly .  It is  c l e a r  f rom Fig.  2 that  incubation of e r y t h r o c y t e s  for  20 min in fo rmaldehyde  so- 
lution did not p reven t  r ena tu r a t i on  of the DNA of the ce l l  nucle i .  The r a t e  of r e na t u r a t i on  was  de t e rmined  
by the t e m p e r a t u r e  of the solut ion in which the ce l l s  were  incubated a f te r  mel t ing.  Incubation of the ce l l s  
in SSC solut ion for  1 rain at 20~ led  on the average  to r e na t u r a t i on  of 50% of the DNA (or m o r e  p r e c i s e l y  

EXPERIMENTAL RESULTS 

The value of the coefficient ~ increased by more than 
eight times during melting, to reach 4.0 or higher (Fig. i). 
This difference between the maximum value of a obtained in 
the present investigation and when the original method was 
used (a = 0.6-0.8) cannot be explained by differences in the 
spectral characteristics of the light receivers used, because 
the o r ig ina l  value of the coeff ic ient  a for  the intact  ce l l s  
was c lose ly  s i m i l a r .  

The low values  of the coeff ic ient  a obtained by the use  
of the o r ig ina l  method can be a s s u m e d  to have been  due to 
r e n a t u r a t i o n  of the DNA of the ce l l  nuclei .  To t e s t  th is  hypo-  
t h e s i s  a spec ia l  inves t iga t ion  of the r ena tu ra t i on  p r o c e s s  was  
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to a reduct ion by half  in the ~alue of the coeff icient  a).  The r e su l t s  of ten independent expe r imen t s  to 
study rena tu ra t ion  of the DNA of hen ' s  e ry th rocy te  nuclei a re  i l lus t ra ted  in Fig. 2. 

In the region preceding  the r i s e  in the value of a (55-65~ m a x i m a  of f luorescence  of the cel ls  
we re  p resen t .  A study of the re la t ionsh ip  between the intensi ty of f luorescence  of the cell  nuclei and t e m -  
pe r a tu r e  dur ing heat ing in medium not containing formaldehyde  showed that the occur rence  of these max-  
ima  cannot be explained by the action of formaldehyde  on the spec imens :  the cu rves  of f luorescence  vs .  
t e m p e r a t u r e  we re  the s ame  shape as  before  although the magnitude of the i r  m a x i m a  and the i r  posi t ion 
w e r e  slightly changed. These  changes  followed no detectable  pa t te rn ,  but the abil i ty of formaldehyde  to 
change the intensi ty of f luorescence  (the dye-binding p r o p e r t i e s  of the DNP complex) of the cell  nuclei 
was  demons t ra t ed  by model  expe r imen t s  whose r e su l t s  a re  given in Fig. 3. Formaldehyde weakened the 
dye-binding p r o p e r t i e s  of the DNP complex even at 0~ This action was mos t  marked  in the f i r s t  min-  
u tes  of the contact  between the spec imens  and the formaldehyde solution. 

The r e s u l t s  of this  invest igat ion showed that the DNA of these  cel ls ,  when denaturat  ed by heat  (96- 
97~ 20 min) in a medium containing 4% formaldehyde  solution is  capable of renatura t ion .  During rap id  
cooling, r ena tura t ion  of DNA does not take place in solution , and it is only during slow cooling of DNA de- 
na tured  by heat  that its biological  act iv i ty  is pa r t i a l ly  r e s t o r e d .  The fact  that incubation of p re l imina r i ly  
mel ted  ce l l s  at  37~ for  i min leads  to a dec rea se  in the value of a a lmos t  to the original  values  evidently 
means  that in this case  the chaotic aggregat ion  of DNA is only ve ry  slight. The high ra t e  of r ena tu ra t ion  
obse rved  exper imenta l ly  can be explained by assuming  that  the p ro t e ino f the  DNP complex does not allow 
the complemen t a ry  DNA s t rands  to move f a r  away f r o m  each other,  but holds them close together .  Under 
these  conditions it is  poss ib le  that  formaldehyde  may  act  predominant ly  as  a weak denaturing agent  [1]. 
The formaldehyde  concentra t ion  inside the cel l  nucleus,  it must  be pointed out, is unknown. 

The high r a t e  of DNA rena tu ra t ion  found in the cell  nuclei suggests  that the sup ramolecu la r  o rgan ,  
izat ion of the DNP complex in the cel l  nucleus d i f fers  substant ial ly f r o m  its organizat ion in the c o r r e -  
sponding model  s y s t e m s .  The exis tence  of specia l  prote in  " t ies"  (longitudinal or  t r a n s v e r s e ) ,  fixing the 
nucleic acid molecu les  t h ree -d imens iona l ly ,  may  be postulated.  

The inc rease  in the intensi ty of cell  f luorescence  demons t ra ted  in this invest igat ion in the Iow - t em-  
pe r a tu r e  reg ion  may be connected with the t e m p e r a t u r e  d issocia t ion of the DNP complex.  

i, 

2. 
3. 
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