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The relat ionship between optical  densi ty  (k = 260 nm) of the nuclear  ch romat in  of normal  human 
lymphocytes  and lymphocytes  f r o m  pat ients  with Down's  syndrome  and t e m p e r a t u r e  was studied. 
Lymphocyte  nuclei f rom healthy donors  we re  c h a r a c t e r i z e d  by the p r e s e n c e  of a t o w - t e m p e r a -  
tu re  (about 70~ absorp t ion  m ax i m um  which was absent  in nuclei of lymphocytes  f r o m  pat ients  
with Down's syndrome.  Analys is  of this re la t ionship  fo r  pa r t i cu la r  regions of the nucleus showed 
the exis tence  of at  l eas t  two types of regions  - those with a l o w - t e m p e r a t u r e  absorpt ion m a x i -  
mum and those  without. F o r  Down's syndrome,  the content of regions  of the la t ter  type in the 
lymphocyte  nuclei was found to be g r e a t e r  than normal .  
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One of the f ac to r s  de te rmin ing  the functional act ivi ty of ch romat in  is its s t ruc tu ra l  state.  P rev ious  in :  
ves t iga t ions  [2, 3] have shown tha t  the s t ruc tu ra l  organizat ion of the lymphocyte  chromat in  in Down's s y n d r o m e  
is abnormal .  Accordingly,  the impor tan t  quest ion a r i s e s  whether  the ch romat in  of the whole cel l  nucleus is 
changed in this pathological  entity or  whether  it is changed only in ce r t a in  regions.  

To study this p rob lem a compara t i ve  invest igat ion was made of the dependence of the optical  densi ty at 
260 nm on t e m p e r a t u r e  for  ch romat in  f rom lymphocytes  of heal thy human subjects  and pat ients  with Down's 
syndrome  fo r  the cel l  nucleus as a whole and, for  the f i r s t  t ime,  for  individual regions  of the nucleus.  

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

P e r i p h e r a l  blood lymphocytes  f r o m  healthy human blood donors  and pat ients  with Down's syndrome were  
used as  the t e s t  object.  Lymphocytes  w e r e  sed imented  f rom s e r u m  on quar tz  s l ides  at 37~ and fixed in a 
mix tu re  (1:1) of alcohol and acetone.  The spec imens  were  t r a n s f e r r e d  into 0.14 M NaC1, pH 7.0, a f t e r  p r e -  
l iminary  taking through 100%, 60% and 30% alcohols .  The spec imens  s tayed in each of the alcohol solutions 
fo r  5 rain and in the medium with NaCI for  30 min  before  adhesion of the p repara t ion .  

The s l ide was p laced in a t he rmos ta t i ca l ly  control led s y s t e m  of the w r i t e r s '  own design, which was c o m -  
bined with the scanning s tage  of the m i c r o s c o p e . *  The use  of such an a r r a n g e m e n t  enabled changes in optical 
p a r a m e t e r s  taking place  in individual regions  of the cel l  nucleus during exposure  to different  t e m p e r a t u r e s  to 
be moni tored  and it did away with the p rob l ems  connected with the need for  prevent ing renaturat ion.  

Measu remen t s  we re  made on a m i c r o s c o p e - p h o t o m e t e r  (Opton Model 05, West Germany) .  An Ul t ra f luar  
• Glyz object ive  was used, together  with an Ul t ra f luar  10/0.2 condenser .  The d i a m e t e r  of the p robe  
was 0.8 g and the scanning step 0.5 #. 

The r e su l t s  of the m e a s u r e m e n t s  were  r eco rded  on punched tape and p r o c e s s e d  by computer .  Dis t r ibu-  
t ions of optical  densi ty  over  the a r e a  of the nucleus were  obtained at each t empera tu re ,  together  with the in te-  
g ra l  optical  densi ty  and h i s t og rams  of dis t r ibut ion of the numbers  of p robes  within the optical  densi ty  in te rva l s .  

*The s y s t e m  will be descr ibed  in a for thcoming publication. 

L a b o r a t o r y  of Molecular  Biology, Insti tute of Medical Genetics,  Academy of Medical Sciences of the 
USSR, Moscow. (Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR S. S. Debov.) 
T rans la t ed  f r o m  Byulleten '  l~ksper imental 'noi  Biologii i Meditsiny, Vol. 85, No. 4, pp. 471-473, April ,  1978. 
Original  a r t i c l e  submit ted  April  11, 1977. 

0007-4888/78/8504-0513507.50 �9 Plenum Publishing Corpora t ion  513 



/,3 
1,2 
1.I 

A t �9 

Aso" 

/' I 

A~" 
A~o" 

/' ! 

C 

z , , /  

_F 
v 

a 

8o 7o so 9o 6o 7o ~o 9 o ' c  b 
a b 

Fig. i Fig. 2 

Fig. 1. Integral optical density of human lymphocytes from normal donors (a) and from pa- 
tients withDown's syndrome (b) at 260 nm as a function of temperature. 

Fig. 2. Changes in absorption at 260 nm of individual regions of lymphocyte nuclei as a func- 
tion of temperature: a) lymphocytes from healthy donors; b) lymphocytes from patients with 
Down's syndrome. 
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Fig. 3. Optical density as a function 
of temperature  for regions of the 
nucleus with absence of growth of 
absorption at 70~ 1, 2, 3) Quantity 
of chromatin with low-temperature 
absorption maximum in these regions 
is 30, 45, and 55%, respectively. 
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TABLE 1. Number  of Regions 
Showing Inc r ea se  of Absorpt ion  
to 70~ (in % of total  number  of 
regions) 

Ceils from healthy CeLls from 
subjects patients with 

1 Down's syndrome 

75 25 
71 40 
62 13 
78 33 
76 29 

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

Curves  showing the in tegra l  optical  densi ty  a t  260 nm of ch romat in  f rom normal  human lymphocytes  
and lymphocytes  of pat ients  wi th  Down's synd rome  as a function of t e m p e r a t u r e  a r e  given in Fig .  1. A m a x i -  
mum of absorp t ion  at about 70~ ( low- tempera tu re  peak), with a subsequent  r i s e  in the region of melt ing 
t e m p e r a t u r e s  of f r e e  DNA, can be seen  on these  cu rves  fo r  healthy human lymphocytes .  The value of the 
m a x i m u m  re la t ive  to the optical  densi ty at  60~ was AT0 o = 1.21 ~ 0.07. The cor responding  cu rve  for  Down's 
synd rome  showed no i nc rea se  in absorp t ion  to 70~ (A?0o = 0.94 �9 0.06; P < 0.001). 

To study s t ruc tu ra l  changes in ch roma t in  in individual regions  of the cell  nucleus,  a p ic ture  of the 
nucleus at  each t e m p e r a t u r e ,  c h a r a c t e r i z e d  by values  of the optical  densi t ies  in points,  was spl i t  up into r e -  
gions with 16 points (probes) in each (with sides measu r ing  4 • 4). 

A typical  p ic ture  of the re la t ionship  between the optical  densi ty  of the chromat in  and t e m p e r a t u r e  in the 
regions  of cel ls  f r o m  healthy subjects  and pat ients  with Down's  synd rome  is  shown hi Fig.  2. Cteaxly  
in individual regions  of the cel l  nuclei f r o m  pat ients  with Down's syndrome  an inc rease  in absorp t ion  was ob-  
s e rved  up to 70~ as is c h a r a c t e r i s t i c  of healthy human lymphocytes .  Meanwhile, in some  regions  of the nu- 
c leus  of lymphocytes  f r o m  healthy donors  the l o w - t e m p e r a t u r e  peak was absent .  The re la t ive  pe rcen tages  
of these  regions  a r e  given in Table  1. Incidentally,  no change was found in the s ize  of the nucleus within the 
t e m p e r a t u r e  range f rom 60 to 70~ 

In reg ions  of cel l  nuclei f r o m  healthy donors  with no m a x i m u m  at  70~ the fal l  in absorp t ion  a t  that  
t e m p e r a t u r e  c h a r a c t e r i s t i c  of cel ls  f r o m  pat ients  was not found in many ca se s .  This  can be explained by the 
p r e s e n c e  of ch roma t in  c h a r a c t e r i z e d  by a l o w - t e m p e r a t u r e  s t ruc tu ra l  t rans i t ion  in these  r eg ions .  Analys is  
of reg ions  of the nucleus s m a l l e r  (four probes)  than those  indicated above (16 probes)  i n  fac t  showed that  s o m e  
regions  with absence  of the m a x i m u m  can  be divided into zones of which some  were  cha r ac t e r i z ed  by an in:  
c r e a s e  in absorp t ion  to 70~ and others  by a dec rea se .  Accordingly,  values  of optical  densi ty  w e r e  calculated 
in these  reg ions  of the nucleus andplot ted  as functions of t e m p e r a t u r e .  The poss ibi l i ty  that  these  regions  may  
dif fer  in t he i r  content  of ch romat in  for  which the dependence of optical densi ty on t e m p e r a t u r e  was the s a m e  
as  that in the r e s t  of the nucleus was taken into cons idera t ion  (Fig. 3). With an i nc r ea se  in the f rac t ion  of 
such chromat in ,  a min imum appea red  on the calculated cu rve  and it a s sumed  a s i m i l a r  shape  to the cu rve  ob-  
tained for  the pa t ien t s '  lymphocytes .  

The d is t r ibut ion  of points  with max imal  optical  densi ty  for  each cell  among the regions  of the nucleus 
a lso  was analyzed. The r e su l t s  showed that  the n u m b e r  of these  points exp re s sed  pe r  unit a r e a  was on a v -  
e rage  4 t imes  g r e a t e r  fo r  regions  with absence  of a l o w - t e m p e r a t u r e  m a x i m u m  compared  with regions with 
an i nc r ea se  of absorp t ion  to 70~ 

A c h a r a c t e r i s t i c  f ea tu re  of the re la t ionsh ip  obtained between integral  optical  densi ty of the nuc lear  
ch romat in  f r o m  healthy donors '  lymphocytes  on t empe ra tu r e ,  revea led  by these  exper iments ,  was the p r e s -  
ence of a l o w - t e m p e r a t u r e  t rans i t ion  a t  about 70~ A s i m i l a r  l o w - t e m p e r a t u r e  t rans i t ion  has been demon-  
s t r a t ed  in o ther  invest igat ions using dif ferent  methods of analys is  of the effect  of t e m p e r a t u r e  on the e h r o m -  
atin of cell  nuclei [1, 4-6].  The p rob l em  of the mechan i sm of the s t ruc tu ra l  t rans i t ion  observed  has not yet  
been finally solved by d i r ec t  methods and lies outside the scope of d i scuss ion  in this paper .  

No inc rea se  in absorp t ion  to 70~ could be  seen  on the cu rve  of total  optical  densi ty as a function of t e m -  
p e r a t u r e  for  the nuclei of lymphocytes  f r o m  pat ients  with Downfs syndrome.  However,  the study of the depen-  
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dence of optical  densi ty of chromat in  in individual regions of the nucleus as a function of t empera tu re  showed 
that a sharp  line can be drawn between the regions occupied by two different  types of ehromatin,  c h a r a c t e r -  
ized by the p r e se nce  or  absence  of a l ow- tempera tu re  absorpt ion maximum both in healthy subjects  and in 
pat ients  with Down's syndrome.  The d i f ference  l ies in an increase  in the quantity of chromat in  with absence 
of a l ow- t empera tu re  absorpt ion maximum in Down's syndrome.  

The inc reased  concent ra t ion  of points with maximal  optical  density in these  regions suggests  that the 
p re sence  or  absence of the low- tempera tu re  maximum is connected with concentrat ion of the chromatin.  
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A C T I O N  O F  T H E  H E P A R I N  P O L Y A N I O N  ON C H R O M A T I N  P R E P A R A T I O N S  
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DNP obtained in solutions of low ionic s t rength  (0.7 mM Na-phosphate buffer,  pH 7.0) 
d i ssoc ia tes  under  the influence of heparin.  The th ree  historic f ract ions  dissocia te  in the 
following o rde r :  H2a, H 1, H 4. The following o rd e r  of dissociat ion is suggested: (H2a, H2b), 
El,  (H3, H4). Activation of DNA and RNA synthesis  in the cells ,  nuclei, and chromatin  of 
eukaryotes  under  the influence Of small  doses of hepar in  must  be at t r ibuted not to d i ssoc ia -  
tion of his tone H l, but to dissocia t ion of modera te ly  ly s ine - r i eh  histones - H2a and possibly 

H2b. 

KEY WORDS: heparin;  DNA; h is tone ;  dissociat ion;  chromatin.  

Numerous  investigations of the effect  of natural  polyanions on the s t ruc tura l  organizat ion and template  
p rope r t i e s  of chromat in  have shown that they cause  decondensation of chromat in  in cell  nuclei [3-5 ], accom-  
panied by marked  act ivat ion of DNA and RNA synthesis  on the template  [6, 13]. One of the natural polyanions 
that has been most  widely studied f rom these aspects  is the mucopolysaechar ide  heparin, found in cell  nuclei 
[3-6, 13]. The view is cu r r en t ly  widely held that activation of DNA and RNA synthesis  by heparin (as also by 
other  polyanions) takes place as a r e su l t  of dissociat ion of histones f rom DNA. However, this logical explana- 
tion has  not been finally proved.  The re  is only indirect  evidence of possible  dissociat ion of histones from 
DNA under  the influence of heparin,  obtained by the study of thermal  denaturat ion of chromat in  preparat ions  
[2, 12]. E l ec t ron -mic roscop i c  investigations of nuclei t rea ted  with hepar in  have shown the p resence  of a m o r -  
phous globules, which Arnold et al. [3] have in te rpre ted  as chromat in  repacked under  the influence of heparin,  
whereas  o ther  worke r s  r ega rd  them as large  aggregates  of h e p a r i n - p r o t e i n  complexes  not bound with DNA [4]. 

The object  of this investigation was to d i scover  whether  hepar in  can induce dissociat ion of proteins  f rom 
DNA in chromat in  prepara t ions  isolated in solutions of low ionic strength (the type of model sys tems of ch rom-  
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