
Comparison of the results of the present investigation with those obtained previously shows that the 
chromosomes of A/He mice are characterist ical ly more sensitive to thiotepa than those of C57BL/6 mice, 
whether the cells treated are in the go phase of the cell cycle (the liver of adult animals) [3] or  actively pro- 
liferating embryonic l iver and bone marrow cells are treated in the gl-S phase of the cell cycle. Calculation 
of the percentage of cells with damaged chromosomes (structural aberrations and deficiencies) per unit dose 
of the compound showed that embryonic l iver cells are  ra ther  more sensitive to the mutagenic action of thio- 
TEPA than bone marrow cells of adult animals. For  instance, per milligram of thioTEPA, 22.6 and 11.5% of 
damaged cells were observed in the embryonic l iver and 10.7 and 9.2% in bone marrow of A/He and C57BL/6 
mice respectively. 

A/He mice differ f rom C57BL/6 mice not only in the greater  number of aberrant cells after  thioTEPA 
treatment,  but also in the fact that more cells with multiple chromosomal injuries are induced both in the em- 
bryonic l iver and in the bone marrow of mice of this line. In the wri ters '  view, the existence of a greater  num- 
ber  of these cells among the total number of aberrations in A/He mice reflects the greater  severi ty of the dam- 
age and, consequently, the higher sensitivity of mice of this line to the mutagen. 
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The effect on the blood serum of patients with Down's syndrome and of healthy persons and al-- 
so separate fractions of sera on structural  parameters  of model nucleohistene systems (DNP- 
systems) was studied. Unfractionated patients' sera were found to have a condensing effect on 
DNP-systems, unlike healthy human sera. Analysis of the action o~ the individua~ serum frac-  
tions showed that different: degrees of condensation can be attributed to the influence of high- 
molecular weight, undialyzable, thermolabile components, the action of which disappears after 
gel-filtration of the serum proteins. The problem of possible humoral control over  the struc- 
tural  organization of chromatin in vivo is discussed in the light of data showing similarity be- 
tween blood serum proteins and certain nonhistone proteins of chromatin. 
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The w r i t e r s  showed prev ious ly  [10] that an i n c r e a s e d  degree  of condensat ion of in te rphase  chromat in  
obse rved  in lymphocytes  in Down's syndrome is  l a rge ly  dependent on the blood s e r u m  of these  patients.  If 
autologous s e r u m  in the cul ture  med ium of cel ls  f r o m  heathly donors  is  rep laced  by pa t ien ts '  s e r u m  the pack-  
ing densi ty of  the eh romat in  is  i nc reased ,  whereas  heal thy human s e r u m  " n o r m a l i z e s "  chromat in  in the pa-  
t i en t s '  lymphocytes .  This fact  provided the s t imulus for  a study of the mechan i sm of the action of act ive s e r u m  
fac to r s  on the s t ruc tu ra l  organizat ion of the nuc lea r  subs t ra t e  of the cel l  and, in pa r t i cu la r ,  on i so la ted  ch ro m-  
atin. As a p r e l i m i n a r y  s tep [2] i t  was shown that  blood s e r a  f r o m  pat ients  with schizophrenia  and sy s t emic  
lupus e ry thema tosus  di f fer  in t he i r  act ion on model  s y s t e m s  of chromat in  in v i t ro  f r o m  healthy human se r a ,  
for  the f o r m e r  i n c r e a s e s  whereas  the l a t t e r  dec r ea se  the degree  of condensation of chromat in .  

The object  of  the p re sen t  invest igat ion was to study the c h a r a c t e r  of  the action of s e r a  f r o m  pat ients  
with Downts syndrome on model  chromat in  s y s t e m s  in v i t ro  and to inves t igate  the act ion of separa te  s e r u m  
f rac t ions  on these  models  with the a i m  of identifying the act ive factor .  

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

Blood s e r a  f r o m  55 heal thy donors  and 40 pat ients  with Down's syndrome  were  used. 

The s e r a  were  f rac t ionated  by ge l - f i l t r a t ion  on Sephadex G-200 in columns m e a s u r i n g 2 . 4 •  96 cm. The 
eluent was 0.14 M NaC1 in 0.001 M Na-phosphate  buffer ,  pH 7.0. The prote in  f rac t ions  thus obtained were  ana lyz -  
ed by di f ferent ia l  d isk  e l ec t ropho re s i s  in po lyac ry lamide  gel [13]. 

The effect  of  s e r a  f r o m  heal thy subjects  and pat ients ,  and also of  s epa ra t e  s e r u m  f rac t ions  were  i n v e s -  
t i g a t e d b y a  t h e r m o m e c h a n i c a l  method [5] on model s y s t e m s  (DNP f ibers)  obtained in a physiological  medium 
f r o m  DNA prepa ra t ions  i so la ted  f r o m  calf  thymus  in 0.TM NaC1. The magnitude and c h a r a c t e r  of  s t ruc tu ra l  
modifications to the model  s y s t e m s  were  judged f r o m  m e a s u r e m e n t s  of deformat ion  of the DNP f ibers  de tec t -  
able in r e sponse  to the act ion of t e m p e r a t u r e .  This  deformat ion  was e x p r e s s e d  quanti tat ively by the following 
p a r a m e t e r s :  1) the re la t ive  length of the f ibers  E = [(/t-/el/ /0 ].:100%, at  each given t e m p e r a t u r e ,  and 2) the 
max ima l  change in length of the f iber  A =[(lm-lo]lo]. 100%, measu red  at  80~C, where  l~, /t, and l m r e p r e s e n t  
the length of the f iber  before  heating,  during heating at each given t e m p e r a t u r e  between 25 and 100~ and be-  
fore  the beginning of mel t ing of the f ibers  at 80~C [2]. 

The medium in which the model  DNP s y s t e m s  were  tes ted  contained s e r u m  diluted 1 : 150 in o r d e r  to 
balance the act ion of bivalent  ions contained in the blood. The s e r u m  fract ions  were  added to the medium in 
amounts  cor responding  to the i r  content in whole se rum.  The signif icance of d i f fe rences  in the values  of  the 
s t ruc tu ra l  p a r a m e t e r s  of the DNP f ibers  in each  exper imen t  was de te rmined  by Wilcoxen 's  c r i t e r ion  [1]. 

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

Unfract ionated s e r a  f r o m  heal thy subjects  and pat ients  with Dowries syndrome differed in the i r  action 
on DNP f ibers .  In 90%of cases  (35 of 40) the re la t ive  length of the f ibers  (E) d e c r e a s e d  in the pat ients  r s e r a  
within the t e m p e r a t u r e  range  55-80~C (Fig. 1). The max ima l  change of length (A) under  these  c i r c u m s t a n c e s  
was reduced on ave rage  by 40% (P <0.01) (Table 1). In view of data showing that  the p a r a m e t e r s  of the f ibers  
depend on the degree  of condensation of DNP [4, 6], it can be concluded that  the dec r ea se  in the degree  of de-  
fo rmat ion  of the f ibers  in med ium containing pa t ien t s '  s e r u m  is  the r e su l t  of  the condensing act ion of the com-  
ponents of this  s e r u m  by con t ras t  with n o r m a l  se rum.  It is impor tan t  to emphas ize  that  th is  r e su l t  ag r ee s  
with data to which r e f e r e n c e  has a l r eady  been made [7] on the condensing action of the pa t i en t s '  s6 ra  on i n t e r -  
phase  chromat in  in lymphocytes .  

To d i scover  the s e r u m  components  respons ib le  for  changes in the degree  of condensation of the model 
s y s t e m s ,  the action of s epa ra t e  f rac t ions  obtained by s e v e r a l  methods was invest igated.  The action of the to ta l  
pro te in  and nonprotein f rac t ions  obtained f r o m  pa t i en t s '  and heal thy sub jec t s '  s e r a  by d ia lys is  agains t  0.14 M 
NaC1 for  24 h at 4~ was analyzed. As Table  1 shows,  a d e c r e a s e  in A, obse rved  in the whole pat ients  T s e r a ,  
was cha r ac t e r i s t i c  of  the tmdfalyzable,  h igh -molecu la r -we igh t  fract ion.  Since the pro te in  content in the low- 
molecu la r -weigh t  f rac t ion  was e x t r e m e l y  smal l  (under 0.001%), it can be concluded that  the f ac to r  under  inves t -  
igation is connected with the prote in  component  of the se ra .  

This  conclusion was tes ted  in a s e r i e s  of expe r imen t s  in which s e r a  f r o m  pat ients  and heal thy subjects  
was heated to the t e m p e r a t u r e  of prote in  denaturat ion.  Af ter  heating to 97~ for  30 rnin, the denatured prote ins  
were  removed  by eentr i fugat ion fo r  2 h at  40,000g. As Table  1 shows, this p rocedure  led to d i sappearance  of the 
d i f fe rences  in the value of p a r a m e t e r  A. These  r e su l t s  conf i rmed the suggestion that  the act ive fac tor  is  linked 
with s e r u m  prote ins .  
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Fig. 1. Relat ive length of DNP f ibers  (E) as a function of 
t e m p e r a t u r e  in the p r e sence  of s e r u m  f r o m  healthy blood 
donors (1) and pat ients  with Down's syndrome (2). 

Fig. 2. Typica l  elution prof i les  of  s e r u m  prote ins  on gel 
f i l t ra t ion on Sephadex G-200. Se rum f rom:  A) heal thy donors ,  
B) pat ients  with Down's syndrome.  

TABLE 1. Effect  of  Unfract ionated and 
Frac t iona ted  Blood Sera of Healthy Subjects 
and Pat ients  with Down's Syndrome on 
P a r a m e t e r s  of DNP F ibe r s  

S era AD P A N 

Unfractionated 
After. dialysis: 

undialyzable fractions 
dialyzable 

After heating 
(97~ 30 rnm) 

After gel filtration 
fraction 1 
fraction 2 
fraction 3 

Reconstituted after fractiona- 
tion 

0,61-+0,18 

0,60+0,11 
0,99_+0,07 

0,95___0,06 

1,07-+0,06 
0,99-+0,14 
1,03-+0,07 

1,09-+0,07 

~0,001 

<0,01 
20,05 

>0,05 

~>0,05 
>025 
20,05 

>0,05 

Legend. A D and A N r e p r e s e n t  ampli tudes  of 
maximal  change in length of DNP f ibers  in 
s e r a  (or fract ions)  f r o m  pat ients  and heal thy 
donors respec t ive ly .  

Frac t ionat ion  of the s e r u m  prote ins  by ge l - f i l t ra t ion  on a column with Sephadex G-200 revea led  b a s i c -  
al ly a difference in the ra t io  between globulins and a lbumins  in the s e r a  of the heal thy subjects  and pat ients  
(Fig. 2). When this method is  used for  f ract ionat ion,  th ree  prote in  f rac t ions  a r e  obtained, the f i r s t  containing 
mainly macroglobul ins ,  the second T-globulins,  and the th i rd  a lbumins.  The r e su l t s  of f ract ionat ion showed 
that  the globulin content in the pa t ien t s '  s e r a  was on average  12% higher ,  and the albumin content 12% lower  
than in the heal thy a rea .  

Dif ferences  in the action of the h igh-molecu la r -we igh t  f rac t ions  of s e r a  f r o m  the pat ients  and heal thy 
donors  could t h e r e f o r e  be at t r ibuted to two fac tors :  qual i tat ive d i f fe rences  in the pro te ins  o r  quanti tat ive dif-  
f e rences  in the propor t ions  of the main prote in  f rac t ions .  Compara t ive  analys is  of  the effects  of  homonymous 
f rac t ions  of s e r a  f r o m  pat ients  and healthy subjects  on DNP s y s t e m s  failed to detect  in any of t h e m  d i f fe rences  
found in the unfract ionated s e r a  (Table 1). On the other  hand, the abnorma l  content of globulins and albumins 
in the pa t ien t s '  s e rum,  which other  w o r k e r s  also have found [11, 12l, is also evidently not the cause  of the con-  
densing effect,  fo r  recons t ruc t ion  of the composi t ion of the s e r a  of  the heal thy subjects  and pat ients  by the r e -  
addition of a l l  the f rac t ions  did not r e s t o r e  the ini t ial  d i f fe rences  (Table 1). P robab ly  the act ive s e r u m  com-  
ponents exis t  as a prote in  complex which, broken down on f ract ionat ien,  is  not r e s t o r e d  during subsequent r e -  
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constitution of the sera. Admittedly, the possibility of loss of the active factor as a result of its adsorption on 
the Sephadex during gel filtration cannot be ruled out (the total yield of protein was not more than 8% below its 
content in unfractionated serum). 

The change in the degree of condensation of the model chromatin systems under the influence of blood 
sera observed normally and in the case of pathologically changed sera from patients with Down's syndrome, and 
also in patients with schizophrenia and systemic lupus erythematosus [2] suggest the existence of humoral con- 
trol  over the structural organization of the genome. This may perhaps be one method of regulation of gene ex- 
pression: A change in the degree of condensation of chromatin is reflected in the accessibility of individual 
genes for specific regulator proteins [6, 8, 9]. 

The identical character of the structural modifications under the influence of the sera in chromatin in 
vitro and in vivo in the cell in Down's syndrome and in schizophrenia [2] indicates the possibility of direct con- 
tact between chromatin and the active serum protein components. This argument is supported by data showing 
similarity between blood serum proteins and certain nonhistone proteins of chromatin [14], 
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