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Summary. Analysis  of ch romosomes  f rom cells t r ea ted  wi th  adr iamyc in  dur ing  G 2 and S phases  showed a h igh  f requency  
of i soch romat id - type  of breaks,  in addi t ion  to  the  expec ted  ch roma t id  breaks.  These are in t e rp re t ed  as i n d e p e n d e n t  
b reaks  on sister ch roma t ids  because  of preferent ia l  effects  of the  drug  in specific ch romosome  regions. The break  po in t s  
are likely to be different ,  b u t  morphological ly  such breaks  would be indis t inguishable  f rom i sochromat id  or chromo-  
some breaks. 

General ly  when  an agent  capable  of inducing chromo-  
some breakage  (clastogen) causes a chromosome break, the  
resul t ing conf igura t ion  in the  ensuing me taphase  reflects 
the  phases  of the  cell cycle dur ing which the  lesion was in- 
duced.  W h e n  a break  occurs in a ch romosome conta in ing  a 
s~mgle c h ~ o , ~ t i d  ((31 ptmse), a chromosome break wiE resul t  
af ter  the  cell completes  its repl icat ion and  enters  mitosis.  
The break  po in t s  of the  two sister  ch roma t ids  should  be 
precisely the  same. W h e n  a ch romosome  a l ready  consists  
of two  sister  ch roma t ids  (G 2 phase),  or when  a chromo-  
some is repl icat ing (S phase),  breaks a t  the  ident ical  loca- 
t ions in the  two sister  ch roma t ids  ( isochromatid breaks) 
should be a rare even t  if the  agent  induces r a n d o m  
chromosome  damage  2. 

In  the  course of our s tudies  on the  cytological  effects of 
the  a n t i t u m o r  ant ib iot ic  adr iamycin  on several  m a m m a l i a n  
cell lines in vitro,  we no ted  a re lat ively high f requency  of 
i sochromat id  breaks  in cell popula t ions  ha rves t ed  af ter  a 
shor t  exposure  (2-6 h) to the  drug. The cells should have  
been in t he  Gz or a t  the  earl iest  in mid-S  phases  when  the  
clastogen was in t roduced,  since mos t  mammal iar t  cells 
in vi t ro  have  a G 2 phase  of app rox ima te ly  2 h and an S 
phase  of 6-8 h. An i sochromat id  break should p roduce  
two f ragments ,  one centr ic  and the  o ther  acentric,  and  
the  two pieces should add  up to be equiva len t  to t he  
missing chromosome.  However ,  in most  mater ia ls  where  
the  diploid n u m b e r  is h igh and recogni t ion of individual  

chromosomes  is difficult  w i thou t  banding,  the  origin of 
a f r agment  is diff icult  to  trace,  especially in cells w i th  a 
large n u mb er  of aberra t ions .  We therefore  chose the  
diploid male Chinese h a m s t e r  cell line Don as mater ia l  for 
th is  set  of exper iments .  
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Fig. I, Effect of 0.01 p.g/ml of adriamycin on the chromosomes of 
Don cells. Colcemid was added (0.04 i.~g/ml) during the last hour of 
incubation. Each sample consists of I00 initoses. 

Fig. 2. Metaphases of male Chinese hamster 4 h after the introduction 
of adriamyein (0.1 ~zg/ml). A) Giemsa-stained metaphase showing 
'isoehromatid' break in one of the No. 2 chromosomes. Arrow in- 
dicates the acentric fragment. B) C-banded metaphase, arrow in- 
dicates the acentric heteroehromatic fragment of the X-chromosome. 
Note also numerous chromatid aberrations. 
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The cells in exponent ia l  g rowth  period were labeled 
wi th  aH- thymid ine  (5 tzCi/ml) for 10 rain, washed  twice 
wi th  Hanks '  ba lanced  sal t  solution, and re incuba ted  in 
g rowth  m e d i u m  conta in ing  adr iamycin  (0.01-0.1 ~g/ml). 
Cell ha rves t  for cytological  p repara t ions  was made  at  2, 
4 and 6 h af ter  the  in t roduc t ion  of the  drug, each wi th  
a 1-h Colcemid arrest .  Autorad iographs  showed t h a t  in 
the  2-tl samples  the  me taphases  were e i ther  unlabelled 
(G 2) or labelled wi th  the  typ ica l  late repl icat ing p a t t e r n  
(heavy label over  the  long a rm of the  X,  the  Y, and the  
small  me tacen t r i c  elements)  3. In  the  4-tl and  6-h samples,  
me taphases  wi th  la te-repl icat ing p a t t e r n  were propor-  
t ional ly  more  t h a n  those  found in the  un t r ea t ed  control  
samples ;  b u t  the  m a jo r i t y  of me taphases  showed label 
over  mos t  chromosomes  t h r o u g h o u t  the i r  lengths.  

Figure 1 shows t h a t  ad r iamyc in  induced  bo th  the  
ch romat id -  and the  i sochromat id - types  of aberra t ions ,  
and t h a t  the i r  f requencies  increased as the  dura t ions  of 
t r e a t m e n t  increased. Tile s l ight  increase in t he  frequencies  
of ch roma t id  gaps and breaks  in the  control  samples  
ha rves t ed  at  4 and 6 h was p robab ly  due to the  rad ia t ion  
effects of 3H-thymidine.  However ,  aber ra t ions  of the  
i sochromat id  type ,  nonex i s t en t  in the  controls,  were also 
recorded wi th  a re la t ively  h igh  f requency in the  drug- 
t r ea ted  samples.  Most  of these  i sochromat id  aber ra t ions  
were f ragments ,  bu t  dicentr ics  were occasionally observed.  
Figure 2A depicts  a m e t a p h a s e  (0.1 ~g/ml, 4 h) in which 
one of the  No. 2 chromosomes  had  an i sochromat id  break  
near  the  cent romere .  The acentr ic  f r agment  (arrow) is no t  
connec ted  wi th  the  centr ic  f ragment .  In  Figure 2B (also 

f rom 0.1 ixg/ml, 4 h), a s imilar  b reak  occurred in the  
he te rochromat i c  long a rm of the  X chromosome.  

I t  should be po in ted  out  t h a t  i sochromat id  gaps and 
i sochromat id  breaks  are cytological  terms.  Breaks a t  the  
' ident ical '  cytological  locations of the  two sister chroma-  
t ids  m a y  be t housands  of nucleot ides  apa r t  when DNA 
sequences  are considered.  On the  o ther  hand ,  the  lesions 
for a ch romosome break  m u s t  be ident ical  in the  two 
sister  ch romat ids  because the  b reak  occurs pr ior  to chro-  
mosome dupl icat ion.  In our mater ia ls ,  the  ' i sochromat id '  
aberra t ions  induced in the  G 2 and S phases  did no t  neces- 
sari ly represent  ident ical  loci be tween  the  sister chroma-  
rids. Since daunomyc in  m a y  have  specific aff ini ty  for 
dAT base pairs  a and since ad r i amyc in  is a der iva t ive  of 
daunomycin ,  ad r iamyc in  migh t  also damage  chromosome 
segments  r ich in dAT bases. If  a b reak  is induced in one 
ch roma t id  in an AT-r ich  ch romosome  segment  and an- 
o ther  break is induced  in the  same segmen t  of t he  sister  
chromat id ,  the  locat ions of these  two breaks p robab ly  
are no t  identical ,  bu t  the  morphological  character is t ics  of 
the  i sochromat id  breaks  would be indis t inguishable  f rom 
a t rue  chromosome break. I t  is ent i re ly  possible t h a t  o ther  
chemical  c lastogens wi th  base specificities may  behave  in 
a similar  way  bu t  the  e m p l o y m e n t  of p roper  tes t  mater ia ls  
and proper  concen t ra t ions  are necessary  to de tec t  such 
actions. 
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Summary. Crude and  purif ied p repara t ions  conta in ing  chicken in ter feron show a 2fold an t iv i ra l  act ivi ty .  One is in- 
h ib i ted  by  ac t inomycin  and leads to to ta l  inhibi t ion if in ter feron is added  to ceils before ac t inomyein ,  the  o ther  is 
insensi t ive to ac t inomycin  and leads to par t ia l  inhibi t ion if in ter feron is added  s imul taneous ly  wi th  or af ter  act ino-  
mycin.  

In te r fe ron  is supposed  to need an in tac t  synthes is  of 
r ibonucleic acids (RNA) and prote in  in order  to develop 
wi thin  hours  a full s t a t e  of inhibi t ion of viral  g rowth  4-6. 
Therefore  in ter feron is considered to be the  inducer  of a 
hypo the t i ca l  ant iv i ra l  subs tance  7. The cellular gene act iv-  
a ted  by  in ter feron can be d iscr imina ted  f rom t h a t  specify- 
ing the  in ter feron on basis of genet ical  evidence.  Theore t -  
ically then,  all crude p repa ra t ions  conta in ing  in ter feron 
(itself induced  b y  a viral  challenge) should also conta in  
the  ant iv i ra l  principle.  In  the  course of exper iments  on 
kinetics of in ter feron action,  we found crude p repara t ions  
to  inhibi t  the  synthes is  of Semliki Fores t  Virus (SFV), 
despi te  the  fact  t h a t  hos t  R N A  biosynthes is  had  been  
blocked be/ore the  in ter feron appl icat ion by  ac t inomycin  
D. (The repl icat ion of SFV, an RNA-virus ,  is no t  ha rmed  
by  act inomycin. )  

Materials and methods. Cell cultures,  media  and  infec- 
t ion wi th  SFV ( K u m b a  or Zurich strain) were as de- 
scribed s. In te r fe ron  p repa ra t ions  were f rom allantoic 
fluid and chicken embryos  (II:  120 un i t s /mg  pro te in ;  
V: 240 un i t s /mg;  10/1 : 20,000 units /mg) or f rom allantoic 
fluid (447/196:33,420 un i t s /mg;  489/24:280,000 uni ts /  
mg) according to  m e t h o d s  es tabl ished 9. Ant iv i ra l  act iv-  
ities were assayed e i ther  b y  measur ing  the  incorpora t ion  
of I3H]-uridine 1~ in to  acid-precipi table  mater ia l  of SFV-  

infected chick embryo  f ibroblas t  (CEF) monolayers  
t r ea ted  wi th  ac t inomycin  D (RNA-tes t )  S or wi th  the  
p laque  tes t  ~. The ac t inomyc in - res i s t an t  (non-inductive)  
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