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The  r a d i a t i o n  doses were compu ted  from the  known 
a c t i v i t y  of t h e  t r i t i um,  t he  m e a n  energy of i ts be ta-  
r a d i a t i o n  (5.7 keV 6) a n d  t he  du ra t ion  of the  exper iment .  
I t  was  29.2 r a d  pe r  d a y  for  1 me/10 ml. The  range of the  
t r i t i u m  b e t a - r a y s  is so smal l  t h a t  the  loss of energy in the  
wails of t he  f lasks  c a n  b e  neglected.  On the  o the r  hand ,  i t  
is large e n o u g h  to  p rov i de  a pract ica l ly  un i fo rm rad ia t ion  
dose o v e r  t h e  whole  of t he  sys tem of cells + medium,  
w h a t e v e r  t h e  d i s t r i b u t i o n  of the  t r i t i u m  wi th in  the  cells e. 
The  c o n t r i b u t i o n  of t h e  r ad ioca rbon  to the  dose is negligi- 
ble. I n  T a b l e  I t he  cell  counts ,  and  in Table  I I  the  radio-  
c a r b o n  c o n t e n t s  of t h e  p ro t e in  are g iven  as funct ions  of 
a m o u n t  of t r i t i u m  a n d  i r r ad ia t ion  t ime.  

I t  is seen t h a t  t he  cell c o u n t  is s ignif icant ly  affected b y  
i r r ad i a t i on  a t  t he  level  of 5 me/10 ml. However,  t he  in- 
c o r p o r a t i o n  of rad io leuc ine ,  i.e. t he  synthesis  of protein ,  
is n o t i c e a b l y  depressed  only  a t  the  50 me/10 ml level. 
Because  of t h e  h i g h e r  sens i t iv i ty  to rad ia t ion  of cell 
c o u n t  c o m p a r e d  w i t h  p ro te in  product ion,  the  average  
a m o u n t  of p r o t e i n  syn thes ized  per  cell shows an  increase 
w i th  inc reas ing  dose (Table  I I I ) .  The  cell number s  used 
for  c a l cu l a t i ng  T a b l e  I I I  are no t  the  number s  at  the  end  

Table III. Mean protein activity per cell (relative values) 

of the  r e l evan t  t ime  in te rva l s ,  b u t  ca lcu la ted  ave rage  
n u m b e r s  du r ing  these  in te rva l s .  

I t  has  been  shown before, b o t h  b y  colony c o u n t i n g  v 
and  b y  celi coun t ing  8, t h a t  cells in cu l tu re  are r e m a r k a b l y  
sensi t ive  to r ad i a t i on  in respect  of t h e i r  c a p a c i t y  for d ivi -  
sion. The  me tabo l i sm of the  ceils is a f fec ted  m u c h  less~,L 
Our  result ,  t h a t  p ro te in  syn thes i s  goes on  w i t h  l i t t l e  
change  while cell d ivis ion is largely inh ib i t ed ,  is in  agree-  
m e n t  w i th  these  earl ier  f indings.  T h e  resu l t s  sugges t  t h a t  
the  suppress ion of a n t i b o d y  h ) r m a t i o n  b y  r a d i a t i o n  occurs  
b y  inh ib i t ion  of fo rma t ion  of ac t ive  cells r a t h e r  t h a n  b y  
inh ib i t ion  of pro te in  syn thes i s  b y  the  c o m p e t e n t  ceils t% 
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Activ- 
ity of 
tritium After 24 h After 48 h 
(me/ 
10 ml) soluble il~soluble soluble insoluble 

0 100.04- 8.0 100.0± 9.0 100.0!10.6 100.04-11.6 
0.5 98.8 ± 14.1 98.6 ± 10.0 92.7 i 11.2 105.0 4- 15.I 
50 107.6 ::~ 10.0 111.5 ~ 11.2 107.0 4- 11.1 117.0 4- 10.9 
5 105.5 4- 11.3 121.2 ZiZ 12.6 122.0 ~ 19.0 146.0 4- 25.8 
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A D e m o n s t r a b l e  L o c a l  a nd  G e o m e t r i c  I n c r e a s e  
i n  t h e  C h r o m o s o m a I  D N A  of  C h i r o n o m u s  

I n v e s t i g a t i o n s  on  t h e  i nco rpo ra t ion  of HS-thymMine in 
t he  s a l i v a r y  g l a n d  c h r o m o s o m e s  of Chiro~iomus thummi 
h a v e  s h o w n  t h a t  local  D N A  syn thes i s  begins  approxi-  
m a t e l y  s i m u l t a n e o u s l y  in all  bands ,  and  t h a t  thick,  DNA- 
r ich  b a n d s  r equ i re  s o m e w h a t  more  t ime  to complete  
r ep l i ca t ion  t h a n  do t h i n  ones  w i t h  tess D N A  c o n t e n t L  
These  a u t o r a d i o g r a p h i c  f indings  were conf i rmed b y  micro- 
s p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  of D N A  con t en t  in  
s a l i va ry  g l a n d  c h r o m o s o m e s  of d i f ferent  size classesi.  
These  fac ts  are  u n d e r s t a n d a b l e  if i t  is a ssumed t h a t  the  
b a n d s  enclose sec t ions  of t he  c h r o m a t i d s  in which DNA 
syn thes i s  p roceeds  i n d e p e n d e n t l y  of one another .  F r o m  
s imi la r  o b s e r v a t i o n s  of Ha - thymid ine  au torad iography ,  
TAYLOR 3 conc luded  t h a t  long mi to t i c  chromosomes  are 
composed  of m a n y  such  subuni t s .  

KEYL a n d  PELLING 1 t ook  a d v a n t a g e  of the  special si tua- 
t ion  in t h e  s a l i v a r y  g l and  chromosomes  of hybr ids  be tween  

the  two subspecies,  Ch. th, thummi ant i  Ch. th. piger, viz. 
the  occurrence of s t ruc tu ra l ly  d i f ferent ,  unpa i r ed  regions,  
to s t udy  tim re la t ionsh ip  be tween  the  a m o u n t  of DNA a n d  
the  du ra t ion  of I )NA synthes is .  W i t h i n  the  u n p a i r e d  seg- 
ments ,  homologous  b a n d s  occur  in precisely t he  same  se- 
quence  as in pa i red  segments ,  Nonetheless ,  t h e  homolo-  
gous chromosomes  can  be  d i s t ingu i shed  f rom one  a n o t h e r  
because of d i s t inc t  differences in t h e i r  d imens ions  ~,s. Tim 
chromosomes  of Ch, th. thummi possess n u m e r o u s  b a n d s  
whose appea rance  suggests  t h a t  t h e y  c o n t a i n  a la rger  
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a m o u n t  of D N A  t h a n  those  of Ch. th. piger (Figure 1). 
Whi le  t he  dura t ion  of D N A  synthes is ,  as measured  b y  
t h e  t h y m i d i n e  incorpora t ion ,  "*'as longer  in b a n d s  of 
h igher  DNA conten t ,  a q u a n t i t a t i v e  measure  of th is  dif- 
ference was no t  possible.  

However ,  by  employ ing  the  m e t h o d s  ind ica ted  below, 
precise m e a s u r e m e n t s  of D N A  c o n t e n t  were  ob ta ined .  
These resul ts  pe rm i t  an ins ight  in to  the  neglec ted  t y p e  of 
localized D N A  di f fe ren t ia t ion  which  occurs  in chromo-  
some evolut ion.  

Mic rospec t ropho tome t r i c  m e a s u r e m e n t s  of t he  D N A  
a m o u n t s  of homologous  b a n d s  of sa l ivary  g land chromo-  
somes in hybr ids  of Ch. th. t h u m m i  and  Ch. th. piger were 
made  on Feulgen  s ta ined  p repa ra t i on  emp loy ing  a Zeiss 
m i c r o s p e c t r o p h o t o m e t e r  (UMSP).  By  th is  t echn ique  a 
compar i son  of ex t inc t ions  can be m a d e  only  wi th in  indi-  
v idual  p repara t ion .  Separa te  p repa ra t ions  can be com-  
pa red  using ex t inc t ion  ratios.  

Unt i l  now 30 b a n d s  of t h u m m i - p i g e r  hybr ids  mani fes t -  
ing subspecif ic  dif ferences  in D N A  a m o u n t  have  been  
measu red  ~. The differences  follow a s imple re la t ionship .  
The  ra t io  of ex t inc t ion  values  (E) of two  homologous  
b a n d s  (E  t h / E  pi)  always fall in to  a doubl ing  series, i.e. a 
specific b a n d  of Ch. th. t h u m m i  con ta ins  2, 4, 8, or 16 
t imes  more  D N A  t h a n  does the  homologous  b a n d  of Ch. 
th. piger. I t  should  be emphas i zed  t h a t  the  homology  be- 
t w e e n  b a n d s  in the  unpa i red  sect ions  is m a d e  on a mor-  
phological  basis 5. Uncer t a in t i e s  concern ing  b a n d  homolo-  
gy arise only  in those  ch romosome  sect ions  w i th  numerous  
and  large local s t ruc tu ra l  differences.  The dupl ica t ion  
hypo thes i s  was suppor t ed  by  tile add i t iona l  f inding t h a t  
w i th in  and be tween  popu la t ions  of the  subspecies  th. 
t h u m m i  differences  in the  D N A  a m o u n t  of the  s ame  b a n d  
also fall in to  a doubl ing  series. In  th is  case no p rob lem of 
homology  comparab le  to  t h a t  in t h u m m i - p i g e r  hybr ids  
occurs and  t h e  b a n d s  of Ch. th. piger whose  D N A  a m o u n t  
is c o n s t a n t  serve as reference values. 

The Table  includes  the  resul ts  of mic rospec t ropho to -  
met r ic  m e a s u r e m e n t s  (at 546 m/~) of the  Feulgen  s ta ined  
b a n d  b 3/11 in the  t h i rd  ch romosome  of t h u m m i - p i g e r  
hybr ids .  H y b r i d s  were ob ta ined  by  crossing Ch. th. piger 
f rom mass  cul ture  S wi th  Ch. th. t h u m m i  f rom mass  cul- 
ture  A/62 and  f rom two na tu r a l  popu la t ions  of N o r t h e r n  
Germany ,  Al t enau  and  Vienenburg .  The ex t inc t ion  rat ios  
(E  t h / E  pi) in t he  Table  d e m o n s t r a t e  t h a t  t he  D N A  con- 
t e n t  of the  pa r t i cu la r  b a n d  b 3/11 of Ch. th. t h u m m i  falls 
into four  d iscre te  classes, 2, 4, 8, or 16 t imes  t h a t  of the  
homologous  b a n d  in Ch. th. piger or a l t e rna t ive ly  2, 4, or 
8 t imes  g rea te r  t h a n  the  lowest  value found  for Ch. th. 
t h u m m i .  Vqithin the  Ch. th. thumrni  s t ra in  A/62 and  
V ienenburg  two t y p e s  of b a n d s  were found  whose  D N A  

• i ii:: 

Fig. 1. A structurally different section of salivary gland chromosome 
II in the hybrid Chironomus th. thummi × Ch. th. piger. 

co n t en t  was  in t he  ra t io  1:2. Correspondingly ,  in t h e  
Al tenau  s t r a in  two types  also occurred whose  D N A  was  
in the  ra t io  1 : 4. A m o n g  individuals  of all th ree  s t ra ins  i t  
was possible to d e m o n s t r a t e  t h a t  these  t ypes  of b a n d s  
occur  as na tu ra l  s t ruc tu ra l  he te rozygotes .  W i t h i n  Ch. th. 
t h u m m i  these  he te rozygo tes  are ident i f iable  only  by  the  
difference in size of t he  ha lves  of a band.  D N A  measure -  
m e n t s  could n o t  be effect ively  made ,  due  to  the  too  
in t ima te  pair ing of the  homologous  chromosomes .  

Two facts  should  be borne  in m i n d  when  discussing 
the  results .  (1) The differences in to ta l  D N A  c o n t e n t  of 
sa l ivary  g land nuclei b e t w een  t h e  two subspecies  has  also 
been  d e m o n s t r a t e d  for the  s p e r m a t o e y t e s L  This  means  
t h a t  the  difference in DNA c o n t e n t  is no t  a consequence  of 
po ly teny .  (2) F r o m  a cytological  inves t iga t ion  of 20 
Chi ronomus  species closely re la ted  to  Ch. t h u m m i ,  it  was 
conc luded  t h a t  the  b an d i n g  p a t t e r n  of Ch. th .p iger  is 
phylogene t ica l ly  older  t h a n  t h a t  of Ch. th. thurnrn{S,L 
This  means  t h a t  the  di f ference in D N A  c o n t e n t  of t he  
homologous  bands  is caused by  an increase in t h e  D N A  
of Ch. th. thurnmi.  

The fact  t h a t  the  DNA co n t en t  of specific bands  falls 
into a geometr ic  series (1 : 2 : 4 : 8  : 16) suggests  t h a t  t he  
bands  of h igher  D N A  c o n t e n t  arose by  a doubl ing  of the  
D N A  of bands  of lower con ten t .  

The m e c h a n i s m  of t he  D N A  increase in specific b a n d s  
is no t  ye t  clear. I t  m i g h t  be imag ined  t h a t  t he  init ial  
doubl ing of D N A  in a b a n d  arose by  unequa l  crossing- 
over, resul t ing  in a d i rect  dupl ica t ion  and there fore  a 
doubl ing  of tile D N A  conten t .  However ,  subsequen t  un- 
equal  cross ing-over  in the  homozygous  dupl ica t ion  should 

Integrated extinctions of the band 3/11 of salivary gland chromosome 
Ill  of Chironomus th. thummi th. piger hybrids 

Crosses Sources Integrated extinctions Ratio 
lh. thummi (means of 5 measure- E th/E pi 

ments of the same band) 

th. thummi th. piger 

th. × ~ pi. A[62 35.6 18.4 1.93 
(~ th. x ~ pi. A162 25.4 12.4 2.04 

th. x ~p i .  A/62 24.4 11.8 2.06 
~. th. x ~ pi. A/62 24.8 12.8 1.93 

th. x c~ pi. A/62 21.2 10.2 2.07 
~th.  x ~ pi. Altenau 37.4 17.6 2.12 
~) th. x C~ pi. Altenau 57.6 27.6 2.08 

th. x ~ pi. A]62 41.0 10.0 4.10 
c~ th. x ~ pi. A/62 40.4 10.0 4.04 
2 th. y ~p i .  A/62 44.0 11.6 3.79 
2 th. × c~pi. Altenau 146.2 18.0 8.12 
(~ th. × ~ pi. Altenau 60.4 7.6 7.94 
~th.  x ~ pi. Altenau 143.8 17.6 8.17 
~th.  x ~ pi. Altenau 155.0 18.8 8.24 

th. x ~ pi. Vienenburg 119.0 15.0 7.93 
th. x ~ pi. Vienenburg 506.6 31.4 16.13 

f2 th. x ~ pi. Vienenburg 394.2 24.6 16.02 
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also produce  a t r ipl icat ion,  or  a D N A  content  of three  
t imes  t h a t  of t he  original  band.  The  fact  t ha t  the D N A  
con ten t  follows the  ra t io  1 : 2 : 4 : 8 : 1 6  strictly, and tha t  
i n t e rmed ia t e  va lues  expec ted  on the  basis of unequal  cross- 
ing -over  were never  found, suggests tha t  this mechanism 
is i nadequa t e  to  expla in  the  higher D N A  amounts .  A more 
reasonable  exp lana t ion  might  be based on disturbances 
in D N A  replication.  In  this connection it  is impor tan t  
t h a t  in several  Chironomus species instances have been 
observed  where an  increase in D N A  amount  of an indi- 
v idua l  b a n d  occurs in association with specific inver-  
sions 1°-12. In  each  of these cases the increase is found in 
those  bands  located a t  one breakage-point  of the inver- 
sion. Such an increase was also found in association with 
an X - r a y  induced t ransposi t ion in Ch. th. thummi in a 
band  ad jacen t  to one breakage-point  6. I t  is therefore con- 
ceivable  t h a t  spontaneous  and induced chromosome 
breaks  can cause a localized increase in the DNA amount .  
As mechan i sm for such a D N A  increase, the following 
possibili t ies are  imaginable :  (1) local failure in the separa- 
t ion of the  repl icated D N A  strand, (2) localized st imula- 
t ion of D N A  synthesis  l imited to a replication unit  
(= band).  

aS 
8 

J 

c 

Fig. 2. Schematic representation of the doubling in the DNA amount 
of a replication unit. a c According to Taylor's model (somewhat 
simplified), d-f according to model of ring-like replication units {see 
text for details). Thick lines in d-f represent double helices as shown 

in a-c. 

Decisive for the  concept  of the  s t ruc tura l  and  genet ic  
consequences of localized D N A  increase is the  in ter -  
relat ionship between this  increase and the  dura t ion  of 
D N A  synthesis in the  bands. I t  has been shown t h a t  in 
Ch. th. thummi not  only do the  bands  rich in D N A  re- 
quire more t ime  than  their  homologues in Ch. th. piger, 
but  also within Ch. th. thumrai, whose th i rd  ch romosome 
bands b 3/11 of higher  D N A  a m o u n t  require  a signifi- 
cant ly  longer t ime to replicate t han  do those of  lesser 
D N A  amoun t  t 

The prolongat ion of replicat ion t ime can be expla ined 
by the  direct correlat ion be tween increase in D N A  a m o u n t  
and increase in length of the repl icat ion unit.  This  as- 
sumpt ion  appears more plausible than  one which assumes 
tha t  the  dura t ion  of D N A  synthesis  depends  upon a 
l imited pool of DNA precursors. 

The frequency and precision of s t ruc tura l  differences in 
association with  a regular, step-wise doubling of the  D N A  
amount  permits  the assumption tha t  this is not  a chance 
process. Unfor tuna te ly  the a r rangement  of the  D N A  
molecules in the chromosomes is not  yet  fully understood,  
so tha t  only a t en ta t ive  model  of the  doubl ing process in 
the bands is possible. TAYLOR s has developed a chromo-  
some model  which takes into account  cer ta in  cytological  
facts. In  this model  chromat ids  consist  of a series of repli- 
cat ion units (replicons18) a t t ached  together  by linkers of 
unknown nature  (Figure 2a). On the basis of this model  
an increase in the length of the  repl icat ion uni t  can occur  
if, af ter  a D N A  replication l imited to this unit,  the  two 
parts become a t tached end-to-end as shown in F igure  
2 b, c. The processes which bring about  the progressive 
lengthening in a 1:2 rat io of the repl icat ion uni t  could 
perhaps be more easily unders tood by assuming an al ter-  
nat ive  mechanism which more readily explains  the  pro-  
gressive nature  of the  dupl ica t ion process than  does 
TAYLOR'S model. This  a l t e rna t ive  mechanism assumes 
tha t  the replication units are organized into rings or  r ing- 
like DNA structures  (Figure 2d). F r o m  the  d i ag ram 
(Figure 2 e, f) it can be easily seen how the  end- to-end  
a t t achment  of two ident ical  rings can be accomplished 
wi thout  essential changes in thei r  basic relat ionship.  
These relationships apply  to all subsequent  s teps in the  
doubling of the  D N A  amount .  

Zusammenfassung. Mikrospekt rophotometr i sche  Mes- 
sungen an den Speicheldr i isenchromosomen des Bas ta rds  
zweier Chironomus thummi-Unterarten ergeben Differen- 
zen des DNS-Gehal ts  yon homologen Querscheiben.  Diese 
Differenzen Iolgen der Beziehung l : 2U (n = 1, 2, 3 oder  
4). Ftir bes t immte  Querscheiben wurden Verdopplungs-  
stufen des DNS-Gehal t s  von  unterschiedl icher  H6he  
gefunden. Mechanismen, die geeignet  sind, das Dupl ika-  
t ionsph/inomen zu erkl/iren, werden diskutier t .  
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