
consists  of ch romosomes  of groups D and G, ten chromosomes  in all. On hybridization of 28S and 18S RNA 
with DNA from patients with Down's syndrome an increase in the number of r ibosomal  c is t rons  by 10% was 
found [2]. 

The w~'iters previously found a sharp decrease  in the incorporat ion of 3H-uridine into total RNA of PHA- 
stimulated lymphocytes of patients with Down's syndrome after  incubation of the cells with the mitogen for 24 
and 48 h. Synthesis of RNA in these experiments  was assessed  from the ra te  of incorporat ion of radioact ive 
p recur so r  into 1. l0 G cells [1]. 

This decrease  can be presumed to be based upon a disturbance of the function of the nucleolar organizer .  
This hypothesis is also supported by the data of Rigas [7], who found a decrease  in DNA synthesis  in PHA- 
stimulated pat ients '  lymphocytes.  For the cell to enter the phase of DNA replicat ion activation of rRNA syn- 
thesis in the G-phase is known to be necessary .  However, in the investigation described above no difference 
was found in the efficiency of rRNA synthesis in lymphocytes t r i somic  for chromosome 21 compared with the 
control values. In this connection the decrease  in incorporat ion of 3H-uridine into total RNA found previously  
was probably due to a decrease  in the percentage of ceils  responding to the mitogen. 
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D E P E N D E N C E  OF C Y T O G E N E T I C  A C T I O N  OF T E P A  

ON I T S  C O N C E N T R A T I O N  IN H U M A N  L Y M P H O C Y T E  

C U L T U R E S  

T .  G. S e l e z n e v a  a n d  A.  N.  C h e b o t a r e v  UDC 612.6.05.014.46 

The cytogenetic action of TEPA [ t r i s (2-methyl - l -az i r id inyl ) -phosphine  oxide; mol. wt. 173.154] 
on cul tures  of human lymphocytes was investigated. With an increase  in concentrat ion of the 
mutagen from 0.125 to 16.0 p g / m l  the cytogenetic effect increased:  the proportion of aber rant  
metaphases rose  from 6.0 to 61.0~ and the total number of breaks from 7.96 to 116.3. A method 
of finding the smal les t  effective concentrat ion of a test  substance compared with a control is sug- 
gested, and for TEPA its value is 0.120 pg /ml .  The fraction of chromat id  breaks remained con- 
stant at 51.72~c when different TEPA concentrat ions were used. The distribution of chromosome 
breaks among the cells is sa t isfactor i ly  described by a geometr ic  distribution. 
KEY WORDS: cultures of human lymphocytes;  chromosomal  aberra t ions .  

An important  factor in the test ing of chemical  compounds for mutagenic activity is the determination of 
their smal les t  effective concentrat ion compared with a control.  In the recommended techniques [1] the need 
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T A B L E  I .  A c t i o n  of  V a r i o u s  C o n c e n t r a t i o n s  of  TE19A on C h r o m o s o m e s  of  H u m a n  L y m -  
phocy te  C u l t u r e s  

Concentration 
of TEPA, in 
~g/mt 

0,125 
0,25 
0,5 
1 
2 
4 
6 
8 

10 
12 
14 
16 

Legend .  

Number of 
cell 

Fraction of 
aberrant 
metapha~e~, 

Number of IFraction of 

loobreakscetlsPer [breaks, % 
I 

200 1,5 
200 6,0 
200 II,5 
200 15,0 
200 23,5 
300 33,6 
300 40,1 
lO0 49~0 
226 54,4 
100 
100 
100 
100 

1,5 
7,96 

13,9 
18,4 
27,4 
44,5 
64,8 
84,0 
98,2 

60,0 10t,9 
58,0 116,8 
63,0 140,7 
61,0 116,3 

100,0 
61,5 
44,0 
58.8 
47,0 
45.3 
43.1 
58/2 
52,7 
48,9 
61 ~6 
51,4 
51,1 

Number of [ Parameters of equations 
breaks in [ f o r ~  ~ f ' o ~  of 
exchanges I aberrant metaV breaks per 
~er 100 eells[._phases " cell 

0 K = 0,16096 K=0,14037 
0 a =0,54430 a =0,51226 
1,5 F r = 224,37 F. =394,64 
1,5 Fin=0,20550 F~in =0,2668 
2,0 
3,0 

l 1,0 
12,0 

�9 lO ,6 
7,0 

14,0 
19,0 
23,0 

K, a) c o e f f i c i e n t s ;  F r )  r e g r e s s i o n  r a t i o ;  F in)  i nadequacy  r a t i o .  

fo r  d e t e r m i n i n g  the  e f f ec t  of c o n c e n t r a t i o n  when a s s e s s i n g  t i le  m u t a g e n i c  a c t i v i t y  of c h e m i c a l  a g e n t s  i s  s t a t e d .  
In t h i s  way  the  a c t i o n  of  a s u b s t a n c e  wi th  which  man  m a y  c o m e  into c o n t a c t  can  be d e t e r m i n e d  in the  p r e s e n c e  
of c o n c e n t r a t i o n s  of  t ha t  s u b s t a n c e  a c t u a l l y  found in the  human  body.  

U s i n g  TE19A a s  the  e x a m p l e ,  the  c h a r a c t e r  of  the  r e l a t i o n s h i p  be tween  i t s  c y t o g e n e t i c  a c t i on  and i ts  c o n -  
c e n t r a t i o n  in c u l t u r e s  of h u m a n  l y m p h o c y t e s  was  i n v e s t i g a t e d .  

E X 1 9 E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  w e r e  c a r r i e d  out  on h u m a n  p e r i p h e r a l  b lood  l y m p h o c y t e s .  T h e  cond i t i ons  of c u l t i v a t i o n ,  
p r e p a r a t i o n ,  and s t a i n i n g  of the  p r e p a r a t i o n s  and a l s o  the  p r i n c i p l e s  of  the  c y t o g e n e t i c  a n a l y s i s  w e r e  s t a n d a r d .  

We u s e d  TE19A [ t r i s ( 2 - m e t h y l - l - a z i r i d i n y t ) - p h o s p h i n e  oxide;  mol .  wt.  173.t54] in c o n c e n t r a t i o n s  of b e -  
tween  0.125 and 16.0 g g / m l .  The  m u t a g e n  was  a d d e d  48 h a f t e r  the  beg inn ing  of c u l t i v a t i o n  and was  le f t  unt i l  
f i xa t ion ,  72 h a f t e r  the  beg inn ing  of  cu l t i va t i on .  C o l c h i c i n e  was  added  2 h b e f o r e  f ixa t ion .  E x p e r i m e n t s  w e r e  
c a r r i e d  out  in two o r  t h r e e  r e p e t i t i o n s  for  s e v e r a l  c o n c e n t r a t i o n s .  At  l e a s t  100 m e t a p h a s e s  w e r e  a n a l y z e d  for  
each  c o n c e n t r a t i o n .  

S t a t i s t i c a l  a n a l y s i s  of t he  r e s u l t s  was  c a r r i e d  out in a c c o r d a n c e  wi th  the  r e c o m m e n d a t i o n s  of D r a p e r  and 
Smi th  [3], and the  • c r i t e r i o n  a l s o  was  used .  The  95~ con f idence  i n t e r v a l  for  the  n u m b e r  of a b e r r a n t  m e t a -  
p h a s e s  was  c a l c u l a t e d  by the equa t ion  in [5]: 

r 

V arcsin 1/b';[ = arcsin --  -~- + E~ , 
- - 7 - - -  - 2 V ~  

w h e r e  19 z is  the  uppe r  l i m i t  and 191 the  l o w e r  l i m i t  of  the 95~ con f idence  i n t e r v a l ;  p the  f r a c t i o n  of  a b e r r a n t  
m e t a p h a s e s  in the  e x p e r i m e n t a l  s e r i e s ;  n the  n u m b e r  of  m e t a p h a s e s  a n a l y z e d .  

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

The  r e s u l t s  (Tab le  1) showed  tha t  T E P A  in a c o n c e n t r a t i o n  of  0.125 # g / m l  induced  c h r o m o s o m a l  a b e r r a -  
t i o n s  in 6.0% of  c e l l s ,  s i g n i f i c a n t l y  m o r e  than  the  s p o n t a n e o u s  l e v e l  of c h r o m o s o m a l  a b e r r a t i o n s  (1 .5~) .  With 
an  i n c r e a s e  in c o n c e n t r a t i o n  of  the  m u t a g e n  f r o m  0.125 to 16 # g / m l  both the  n u m b e r  of  c e l l s  with c h r o m o s o m a l  
a b e r r a t i o n s  ( f rom 6.0 to 61.0%) and the  n u m b e r  of b r e a k s  p e r  c e l l  ( f rom 7.96 to 116.3) i n c r e a s e d ,  i nd i ca t i ng  
c o n s i d e r a b l e  m u t a g e n i c  a c t i v i t y  of TE19A. Single  b r e a k s  w e r e  the  m a i n  type  of c h r o m o s o m a l  a b e r r a t i o n .  

F r a c t i o n  of  A b e r r a n t  M e t a p h a s e s .  I t  was  found by the m e t h o d  of l e a s t  s q u a r e s  tha t  the  r e s u l t s  can be b e s t  
d e s c r i b e d  by the equa t ion :  

I e - I K l u c - = ) ,  ( 1 )  
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Fig. 1o Theoret ical  curves  showing fraction of aber rant  metaphases 
(1) and number of chromosome breaks per  cell (2) as functions of 
TEPA concentration.  Ordinate, left: number of chromosome breaks 
per cell, r ight:  fraction of aber rant  metaphases (in %); abscissa ,  
TEPA concentrat ion (in t tg/ml).  

where p is the function of aberrant  metaphases;  C the concentration of the mutagen, and K and a coefficients 
whose values a re  given in Table 1. Regress ion  for this equation is highly significant (P < 0.01) but inadequacy 
of the experimental  data is not significant (P > 0~ 

Number of Chromosomal  Breaks.  The total number of chromosomal  breaks is sa t isfactor i ly  descr ibed 
by the equation: 

~K!~c =~ -~- 1 (2} 
X ~ e  

where X is the number of chromosome breaks per cell and the other symbols have the same meanings as in 
Eq. {1). Equation (2) is obtained by combining Eq. (1) and the equation of the geometr ica l  distribution of chromo-  
some breaks among cells in [2]. For Eq. (2) r eg res s ion  also was shown to be significant and the inadequacy of 
the experimental  data not significant just as for Eq. (1). The values of the coefficients for Eq. (2) are  given in 
Table 1, The expected values of the percentage of aberrant  metaphases and the number of chromosome breaks 
in 100 cells,  calculated by Eqs. (1) and (2) are given in Fig. 1~ 

Fract ion of Chromatid Breaks.  Investigation of the fraction of chromat id  breaks as a proport ion of the 
total number of breaks and its dependence on changes in the concentrat ion of the mutagen by linear r eg res s ion  
analysis showed that l inear r eg res s ion  was not significant (P > 0.05) and that the experimental  data for it were 
adequate (P > 0.05). This shows that with all TEPA concentrat ions used the fraction of chromat id  breaks r e -  
mained constant,  with a mean value of 51.72~. 

The number of breaks part icipating in exchanges (Table 1) increased with an increase  in the TEPA con- 
centration, but it was difficult to determine how this growth depended on function. The reasons  were,  f irst ,  the 
relat ively small number of chromatid exchanges (there were no exchanges of chromosomal  type), and second 
and more important,  the absence of a sa t is factory model of exchange formation suitable for quantitative de-  
scription. 

Charac ter  of Distribution of Chromosome Breaks  among Cells. This was analyzed for TEPA in concen- 
trat ions of 4 p g / m l  and higher.  It was shown that for all points except one (10 pg/ml)  this distribution differed 
from the Poisson type (P < 0.05) but was sat isfactor i ly  described by a geometr ical  distribution. However, it 
will be noted that the distribution of breaks among the cells was descr ibed best of all by a Polya distribution 
[4] with a coefficient fi of between 0.3 and 0.6 depending on concentration. For the Poisson distribution/9 = 0 
and for the geometr ical  distribution fi = 1. 

The following approach was suggested in this investigation in order  to determine the smal les t  effective 
concentrat ion of mutagen compared with the control that would approximate to the concentrat ion actually found 
in the human body. Initially, an adequate r eg res s ion  equation was chosen for the experimental  data for a se r ies  
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of concentrat ions by the method of least squares .  In this case  it was Eq. (1). Next on the basis of the fraction 
of aber ran t  metaphases  in the control ,  the upper 95% confidence limit was calculated by the equation given in 
the section "Experimental  Method." In the present  case,  three aberrant  metaphases  were found in the control  
ser ies  of 200 cells  (1.5%). The upper confidence limit was 4.025%. Let this figure be substituted in Eq. (1) and 
let the smal les t  effective concentrat ion be calculated: In this case  it is 0.120 ~g /ml .  This concentrat ion does 
not serve  as the threshold dose, as might be supposed, but it is in rea l i ty  the threshold of accuracy ,  depending 
on the choice and level of ch romosomal  aberra t ions  in the control .  

The wr i t e r s  are  grateful to Dr. R. Shram for kindly providing the TEPA preparat ion and to V. S. Zhurkov 
for expert  discussion of this paper.  
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A N A L Y S I S  OF T H E  M O R P H O L O G Y  O F  S H O R T  A R M S  

O F  H U M A N  A C R O C E N T R I C  C H R O M O S O M E S  BY 

S E Q U E N T I A L  S T A I N I N G  F O R  G A N D  C B A N D I N G  

V. P .  G u r b a n o v ,  A .  S.  B a r k h u d a r y a n ,  
a n d  N.  A.  M a l y g i n a  

UDC 612.014.24-086.15 

Sequential staining of ac rocen t r i c  ch romosomes  f rom eight individuals for G and C banding 
showed that a large he te rochromat in  region is present  more  often in homologs of ch romosome 
15 than of 13 and 14, and in the G group it is found more  often in pair 22 than in pair 21. As a 
rule  the size of the heterocheomat in  region does not cor respond to the size of the short  a rm of 
the ac rocen t r i cs  when stained for G banding. The frequency of occur rence  of satell i tes in all 
eight individuals was approximately the same for all five pairs of ac rocen t r ics .  Staining for 
constitutive he terochromat in  revea led  he te romorphism for the presence  of satell i tes frequently 
in the homologs.  
KEY WORDS: G and C banding of ch romosomes ;  ac rocent r ic  chromosomes ;  heterochromatin .  

The part icipation of human acrocent r ic  ch romosomes  in the formation of the nucleolus and, consequently, 
in r ibosome synthesis  is general ly accepted. This fact determines the approach to the study of function of the 
ac rocen t r i c  ch romosomes .  Ribosomal  c is t rons  are  located in secondary constr ic t ion bands (satellite threads) 
of ac rocen t r i c  ch romosomes .  A noteworthy feature is the extreme variat ion of the short  a r m s  of acrocent r ic  
ch romosomes  - the presence  or absence of a secondary constr ict ion,  an increase or decrease  in its size, the 
p resence  of absence of satel l i tes of different shapes: enlarged, double, and so on. It is interest ing to study the 
l imits of variabil i ty of human acrocent r ic  chromosomes ,  whether this ref lects  variabil i ty in the phenotype, and 
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