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The addition of phytohemagglutinin (PHA) to a culture of human lymphocytes increases  by 
21% the intensity of the g reen  (~= 530 nm) nuclear  f luorescence  of cells  fixed and stained 
to equil ibrium in a 1.12 x 10 -~ M solution of acridine orange.  The melting prof i les  of the 
nuclear  DNP-eomplex of the lymphocytes  a re  represented by curves  with two maxima at 
65 and 85~ On heating to t empera tu res  above 90~ the intensity of f luorescence dimin- 
ishes. The intensity of f luorescence  of cells cultivated in medium with PHA is increased 
in the region of the maxima. 

Changes in the melting profile of the DNP-complex of individual cell nuclei caused by physiological 
activation of the cells have been described [3, 5, 6]. The value of a =F640/F530 (where FG40 and F530 are the 
intensities of fluorescence at wave lengths of 640 and 530 nm, respectively), corresponding to the degree 
of DNP denaturation, has been recorded experimentally. Subsequent investigation [1] showed, however, 
that heating to temperatures preceding the melting temperature of DNA (55-65~ leads to considerable 
changes in adsorption of the dye by the DNP complex of the cell nuclei. 

To make a detailed study of this phenomenon the temperature-dependent changes in the degree of ad- 
sorption of the dye on the DNA of cells in various physiological states were investigated. 

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

During the work it was the aim to exclude procedures  which could lead to changes in the native prop-  
er t ies  of the DNP-complex f rom the technique as suggested previously [5]. For  this purpose,  the medium 
in which denaturation was ca r r i ed  out did not contain formaldehyde and the p rocess  of denaturation was 
inhibited by t r ans fe r r ing  the specimens rapidly to fixing solution at a t empera ture  of 0~ [1]. The proce-  
dure of acetylation, directly preceding the staining of the specimens,  likewise was excluded because it could 
lead to uncontrollable changes in the connections between the POt-groups of the DNA and the protein. 

In view of observat ions made with respec t  to nonequilibrium staining of cells, in the present  investi-  
gation the specimens were stained to equil ibrium in a solution of acridine orange of low concentrat ion 
(1.12 x 10 -6 M). Under these conditions the molecules  of the dye are  linked together  by a s t rong {hydro- 
phobic) type of interact ion with the double-helical  regions of the DNA virtually without forming aggregates  
f luorescing in the red region of the spec t rum (the ratio between the intensities of f luorescence of the cells 
stained to equil ibrium at 640 nm and the intensity of f luorescence at 530 nm was 0.016). 

Cultures of white blood cells  were prepared  f rom the blood of healthy donors (15 ml), taken under 
s ter i le  conditions f rom the cubital vein into a tube containing 200 i.u. heparin made up in 1 ml Ringer ' s  
solution. The tubes were incubated at an angle of 45 ~ for 60 rain; p lasma containing white blood cells  was 
drawn off and diluted with Eagle ' s  medium to a concentrat ion of 5 x l0 s ce l l s /ml  and poured into plast ic 
Petri  dishes with dry covers l ips  (18 x 18 mm) on the bottom. The height of the l aye r  of liquid culture me-  
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Fig. 1. Changes in intensity of f luores-  
cence of cell nuclear  DNP measured  at 

= 530 nm (in conventional un i t s ) .  A) 
Cells incubated for  60 rain in medium 
without PHA (1) and in medium with PHA 
(2); B) Cells incubated for  240 min in 
medium without PHA (3) and in medium 
with PHA (4). Abscissa,  incubation t em-  
pera ture  (in deg.); ordinate, intensity of 
f luorescence of cells grown for  1 h in 
medium without PHA (triangles) and in 
medium with PHA (squares) and stained 
immediately af ter  fixation (cells not in- 
cubated in SSC)~ 

dium was 5 mm. Phytohemagglutinin (PHA; Difco-P, USA) 
was added to some of the cul tures to a final concentrat ion of 
40 pg/ml. The experiments  were ca r r i ed  out at 37~ The 
cells  were grown for  60 and 240 min (long enough for  act iva-  
tion of the cell DNP by PHA [7]). After cultivation for  60 and 
240 min the covers l ips  with the attached cells  were removed, 
r insed twice by immers ion  in physiological saline (37~ 
picked up in a Teflon holder, and t r ans fe r r ed  to the fixing solu- 
tion (acetone-ethanol ,  1 : 1), in which they were fixed for  1 h. 
Some of the specimens used to obtain the melting profi les 
were then t r ans fe r r ed  to a salt  and sodium ci t ra te  solution 
(SSC) [1] and incubated in it for  20 rain at various t empera -  
tures ,  a f ter  which the holder with the covers l ips  was quickly 
t r ans fe r red  to the fixing solution at 0oc, in a vessel  of suf- 
ficient capacity (600 ml) and height ~150  mm). The cells 
were  fixed a second t ime for  1 h. After  fixation all the spec-  
imens (i.e., those kept all the t ime in the fixing solution and 
those replaced in it af ter  incubation at various tempera tures)  
were taken through a se r ies  of alcohols:  absolute ethanol, 
96 ~ 60 ~ 30 ~ to water,  t r ans fe r red  to buffer (pH 4.1), and 
stained in a buffered solution of acr idine orange for  30 min. 
After  staining the covers l ips  were placed in a drop of a c r i -  
dine orange solution on slides, and the edges of the cover -  
slips were mounted with Entellan. F luor imet ry  was ca r r i ed  
out on the specimens 20 min af ter  preparat ion.  The f luores-  
cence of the specimens was excited with an incandescent lamp 
(maximal intensity of exciting light at k = 420 nm). The in- 
tensity of f luorescence was recorded with the F]~U-15V in- 
s t rument .  Blood samples f rom 13 donors were  grown in cul-  
ture  for  60 rain and samples f rom five donors for  240 rain. 

EXPERIMENTAL RESULTS 

Measurement  of the intensity of f luorescence of cells grown for  1 h and stained af ter  the f i rs t  fixa- 
tion (cells not incubated in SSC) showed that addition of PHA to the culture increased the intensity of fluo- 
rescence  by 21% (A =0.21:~0.08, n = l l ,  P , 0 . 0 5 ,  difference method; here and in all subsequent cases  A sig-  
nifies the difference between the intensity of f luorescence of cel ls  grown in medium with and without PHA, 
n the number  of differences,  and P the c r i te r ion  of significance). The resul ts  a re  shown as two points on 
the ordinate in Fig. 1. The same figure gives curves  showing the intensity of f luorescence of the cells mea-  
sured at k = 530 nm as a function of the incubation tempera ture .  It will be c lear  f rom Fig. 1 that incubation 
of the cells at 20~ led to some increase  in the intensity of f luorescence compared  with that of cells not in- 
cubated in SSC and stained immediately a f te r  fixation. The melt ing prof i les  a re  curves  with two maxima 
at 65 and 85~ (the f i rs t  and second maxima, respectively).  On heating to t empera tures  above 90~ the in- 
tensity of f luorescence fell sharply.  The melt ing curve  of cells  grown in medium containing PHA coincided 
to some extent with the melt ing curve of cells  incubated in medium without PHA, but in the regions of 65 
and 85~ the intensity of f luorescence of the cells stimulated by PHA was relat ively higher (at 65~ A = 
0.33 ~- 0.1; n = 13, P < 0.02). Incubation of the cells for  240 min did not significar~tly a l ter  the melting pro-  
files. These also were curves  with maxima of intensity of f luorescence at 65 and 85~ A marked decrease  
in the intensity of f luorescence was  observed on heating to t empera tures  above 90~ With an increase  in 
the duration of incubation (Fig. I, curves  1 and 3) an increase  in the intensity of f luorescence was observed 
in the region of the f i r s t  maximum (at 60~ A = 0.97 ~0.21; n= 5, P< 0.01). 

These experiments  showed that st imulation of the cells by PHA for  1 h increases  adsorpt ion of the 
dye by 21~'c~ TMs figure is less  than that given previously [2], but it is considered that the equilibrium meth-  
od of staining allows the t rue increase  in adsorpt ion of dye to be recorded.  

The melting profi les are  curves  with maxima of intensity of f luorescence at 65 and 85~ The com- 
plex cha rac te r  of the relationship between the intensity of f luorescence and the tempera ture  cannot yet  be 
explained. The presence  of two maxima can be connected with differences in the tempera ture  stability of 
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the individual components  of the DNP. P r e s u m a b l y  the i nc r ea se  in intensi ty of f luorescence  in the region 
of the m a x i m a  is connected with d issocia t ion  of the prote in .  The inc rease  in intensi ty of f luorescence  can 
pe rhaps  be pa r t ly  a t t r ibuted to the fact  that r emova l  of the pro te in  component  leads  to conformat ional  changes 
in the s t ruc tu re  of the DNA, with a consequent  i nc r ea se  in the o rde r l i ne s s  of the secondary  s t ruc tu re  and a 
cor responding  i n c r ea s e  in adsorp t ion  of the dye. The d e c r e a s e  in intensi ty  of f luorescence  in the t e m p e r a -  
tu re  region 65-75~ can be explained by denaturat ion of the DNA f rac t ion  with reduced r e s i s t ance  to heat. 
The sha rp  d e c r e a s e  in the intensi ty of f luorescence  obse rved  on heating above 90~ is evidently due to de- 
natura t ion of the DNA. Within this range of t e m p e r a t u r e s ,  on account  of loss  of the helical  s t ruc tu re  of the 
DNA, the s t rong  type of binding (intercalation) is reduced and this causes  a dec r ea se  fn the intensity of 
g r een  f luo rescence  [4]. An inc rea se  in the durat ion of cult ivation to 240 min  inc reased  the intensi ty of f lu- 
o r e scence  in the region of the f i r s t  max imum.  The addition of PHA to the med ium also led to an i nc rea se  
in the intensi ty of f luorescence  in the region of the m a x i m a  a f t e r  cul t ivat ion for  60 rain. P r e s u m a b l y  both 
f ac to r s  produce s t ruc tu ra l  changes in the chromat in ,  changes in the composi t ion  of the pro te in  part ,  and a 
re la t ive  i nc rea se  in the content of eas i ly  d issocia ted  components .  
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