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Table II. Chromosome aberrations induced in human 48 h leukocyte cultures by lead acetate, X-rays and the combination of both. Treat- 
ment time 48 h and 3 h before PHA addition 

Treatment Blood donor No. of cells analyzed Dicentrics Rings Fragments 
% of cells No. per cell % of ceils No. per cell % of cells No. per celi 

Control FW~ 600 0.10 0.001 -- - -  -- -- 
(without treatment) MH~ 300 0.33 0 . 0 0 3  . . . .  
Lead acetate FW ~ 400 0.75 0 . 0 0 7  . . . .  
(10 -5 M) MH ~ 200 1.00 0 . 0 1 0  . . . .  
100 R FW~ 600 12.00 0.125 7.33 0.078 6.83 0.075 
100 R FW~ 600 16.00 0.165 6.67 0.070 7.50 0.080 
Lead acetate 
(10 -~' M) 
200 R MH ~ 200 26.00 0.340 15.00 0.160 8.00 0.085 
200 R MH ~ 300 30.67 0.340 13.00 0.140 7.67 0.083 
Lead acetate 
(10 -5 M) 

cul ture  ini t ia t ion,  w i th  colcemid added  4a/2 h before 
f ixat ion.  Table  I shows the  results  of these  exper iments .  
Lead  ace ta te  induced achromat i c  lesions (AL), open  
ch roma t id  breaks (B'), and  i sochromat id  breaks  (B"), in 
f requencies  well over  the  baseline.  Exchange  type  aberra-  
t ions  were comple te ly  absent .  Chinon I induced the  whole 
spec t rum  of c h r o m a t i d  aberra t ions ,  including exchange  
t y p e  aberra t ions .  The combina t ion  expe r imen t s  (lead 
ace ta te  + Chinon I) revealed add i t ive  effects.  Lead  
ace ta te  has no influence oil tile induc t ion  of ch roma t id  
aber ra t ions  wi th  the  a lkyla t ing  agent  Chinon I. 

Lead acetate and X-rays. Two cul tures  were prepared ,  
each conta in ing  10 ml  of cul ture  fluid (HAM'S F-10 
medium,  c o m p l e m e n t e d  wi th  10% fetal  bovine  serum, 
2.0 mg d ihyd ros t r ep tomyc in ,  200 IU  penicillin), and 
0.8 ml  venous  blood. To one of these  cul tures  wa t e ry  lead 
ace ta te  was added  to  a final concen t ra t ion  of 10 .5 M. 
The bot t les  were incuba ted  for 3 h a t  37~ After  tha t ,  
0.3 ml  P H A  was added  and  the  cul tures  were d i s t r ibu ted  
in a l iquots  of 2.0 ml  in d isposable  plas t ic  syringes,  4 w i th  
lead ace ta te  and 4 wi thout .  F r o m  each set  of 4 syringes,  
2 were i r rad ia ted  wi th  100 R immed ia t e ly  af ter  the  
add i t ion  of P H A  (100 kV, 8 mA, 2.0 h im A1 filter, 
58 cm FD, dose ra te  per  m inu t e :  30 R) and  2 were left 
as controls.  The cul tures  were i ncuba ted  a t  37~ and 
ch romosome  p repa ra t ions  were made  af ter  48 h, w i th  
colcemid added  41/2 h before f ixat ion.  In  ano the r  set  of 
expe r imen t s  w i th  200 R we p repared  2 cul tures  wi th  lead 
ace ta te  and  1 cul ture wi thout .  The 100 R expe r imen t  was 
pe r fo rmed  wi th  female blood and  the  200 R expe r imen t  
wi th  male  blood. 

As can be seen f rom Table  II ,  lead ace ta te  exhib i t s  no 
influence on the  X - r a y  induced  chromosome aberra t ions .  
In  the  cells t r ea ted  wi th  lead ace ta te  alone, some dicentr ic  
ch romosomes  were found.  This  aber ra t ion  t y p e  was also 
found in lower f requencies  in un t r ea t ed  controls  of the  
blood donors  used. This  m a y  be an ou tcome of the  fact  
t h a t  b o t h  blood donors  received h igh  X- ray  doses for 
the rapeu t i ca l  reasons some years  before. In  t he  lead 

ace ta te  t r ea ted  cultures,  t he  ra te  of dicentr ic  chromo-  
somes is s l ight ly enhanced.  Poss ib ly  th is  is an ou tcome 
of the  t r e a t m e n t .  This is suppor t ed  by  the  f inding t h a t  in 
lead ace ta te  t r ea t ed  48 h cul tures of ano the r  non- i r radia-  
t ed  blood donor  (BBc?), one dicentr ic  ch romosome  was 
found  among  500 ana lyzed  ceils, in 500 cells of un t r ea t ed  
controls  of the  same donor  th is  aber ra t ion  type  was 
absen t  (data not  p resen ted  in the  table).  W i t h  all 3 blood 
samples  ment ioned ,  the  ra te  of ch roma t id  aber ra t ions  in 
the  lead ace ta te  t r ea t ed  48 h cul tures  was no t  e levated  
over  t he  basel ine (data no t  r epor ted  in Table If) .  

The results  of our expe r imen t s  show t h a t  lead ace ta te  
has no influence on the  ra te  of ch roma t id  aber ra t ions  
induced by  an a lkyla t ing  agent ,  and on the  ra te  of 
ch romosome  aber ra t ions  induced  by  X-rays .  Str iking 
differences can be seen in cul tures  t r ea t ed  wi th  lead 
ace ta te  alone. In  72 h cul tures  a 24 -h - t r ea tmen t  w i th  
lead ace ta te  induced  open ch roma t id  t y p e  aber ra t ions  in 
f requencies  well over  the  baseline.  I r respec t ive  of a much  
longer t r e a t m e n t  t ime  (48 11+3 h), t he  f requencies  of 
chronla t id  t y p e  aber ra t ions  are no t  e levated  in 48 h 
cultures.  In  the  la t t e r  cul ture sys t em we found some 
indica t ions  of ve ry  few dicentr ic  ch romosomes  being 
induced by  lead acetate .  

Zusammen/assung. E x p e r i m e n t e  mi t  mensch l ichen  
Leukocy tenku l tu ren  lassen ve rmuten ,  dass  die W i rk ung  
yon Bie iace ta t  yon  der  K u l t u r m e t h o d e  abh~ngig ist. In  
72-h-Kul turen  wurde  eine E rh Sh u n g  yon  ach roma t i schen  
Lgsionen,  Chromat idbr i i chen  und  I sochromat idbr t i chen  
induzier t ,  n ich t  jedoch in 48-h-Kul turen .  Chemisch-  und 
s t ra l l leninduzier te  Aberra t ionsh/ iuf igkei ten  wurden  durch  
Ble iaceta t  n ich t  beeinflusst .  
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C o n t r o l  of  T u m o u r - A s s o c i a t e d  P e r o x i d a s e s  in  a G e n e t i c  T u m o u r  S y s t e m  in  Nicot iana 

Genetic  turnouts  develop on individuals  of specific 
genotypes .  These have  been ex tens ive ly  s tudied  in the  
genus Nicotiana 1, 2 Turnouts  appea r  on hybr ids  be tween  
par t i cu la r  species of t he  genus Nicotiana, whereas  the  
pa ren ta l  species involved  in such hyb r id s  are ent i re ly  
non- tumourous .  NKF ~ proposed  t h a t  t h e  species en te r ing  

tumourous  combina t ions  m a y  be d iv ided  into 2 groups:  
one arb i t ra r i ly  des igna ted  the  plus group, consis t ing of the  
species of the  sect ion Alatae;  whereas  the  so-called minus  
group is compr ized  of species f rom the  o ther  sect ions of 
the  genus Nicotiana. Tile con t r ibu t ion  of these  groups  is 
envisaged as differ ing in some physiological  or bio- 
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chemica l  m a n n e r  so t h a t  p r o d u c t s  conduc ive  to t u m o u r  
g r o w t h  are fo rmed  in t he  i n t e rg roup  hybr ids .  F u r t h e r  
cha rac t e r i za t i on  of t he  genet ic  t u m o u r  s y s t e m  in Nicotiana 
has  led to  a hypo thes i s  4 t h a t  species be long ing  to t h e  
sec t ion  Ala t ae  or t he  plus  g roup  of NKF (such as N. 
langsdor/[ii, N. longi/lora) ca r ry  a fac to r  I, wh ich  is a 
s imply  i nhe r i t ed  genet ic  c o m p o n e n t  p r e s u m a b l y  con- 
t ro l l ing  t u r n o u t  in i t ia t ion ,  whereas  t he  species be long ing  
to the  m i n u s  group  (such as N. glauca; N. debneyi, N. 
tabacum) c o n t r i b u t e  genet ic  c o m p o n e n t s  t h a t  govern  
d i f fe rent  degrees of t u m o u r  express ion  a n d  e n h a n c e m e n t  
(ee). The  i n t e r ac t i on  be tween  these  p a r e n t a l  c o n t r i b u t i o n s  
(I/ee) in the  in terspecif ic  h y b r i d s  resul t s  in t u m o u r  fo rma-  
t ion.  

T u m o u r - p r o n e  h y b r i d  p l a n t s  grow n o r m a l l y  u n d e r  
o p t i m a l  cond i t ions  u n t i l  t h e  f lowering stage, sugges t ing  
t h a t  t he  ac t ion  of genet ic  c o m p o n e n t s  (I/ee) r e ma i n s  
repressed a t  t he  juven i le  s tage of p l a n t  deve lopmen t .  
T u m o u r s  genera l ly  a p p e a r  d u r i n g  a n d  a f te r  t h e  f lowering 
phase  of t he  h y b r i d  p lan ts ,  sugges t ing  t h a t  a sh i f t  in  t h e  
h o r m o n a l  re la t ionsh ip ,  or some o the r  mechan i sm,  accom- 
panies  t he  change  f rom v e g e t a t i v e  (elongat ion)  phase  to 
f lowering (senescent)  phase,  t h e r e b y  a c t i v a t i n g  t h e  
' t u m o u r  genes ' .  Stresses such  as wound ing ,  crowding,  
chemica l  t r e a t m e n t s ,  i r rad ia t ions ,  etc. can  in i t i a t e  an d  
enhance  t u r n o u t  f o r m a t i o n  a t  a n y  s tage  of the  h y b r i d  
p l a n t  ~, 4. 

The  role of auxin ,  indole  3 acet ic  acid (IAA), has  been  
recognized in t he  process  of t u m o u r  f o r m a t i o n  5.s. 
F u r t h e r  peroxidases  h a v e  been  impl i ca ted  in t he  ox ida t i on  
m e t a b o l i s m  of IAAg;  converse ly  t he  fac t  t h a t  I A A  a l te rs  
t h e  a c t i v i t y  of pe rox idase  ill p l a n t  t i ssues  l~  suggests  
t h a t  m u t u a l  i n t e r ac t i on  be tween  the  a u x i n  an d  t h e  
enzyme  m a y  be  i m p o r t a n t  in  t he  r egu la t ion  of growth .  

The  p r e sen t  i nves t i ga t i on  was u n d e r t a k e n  to s t u d y  t h e  
pe rox idase  i sozymes  and  t h e i r  role, if any,  in  t u m o u r  
f o r m a t i o n  in a genet ic  t u r n o u t  sys t em in Nicotiana. 

Leaf  t i ssues  f rom the  n o r m a l  p a r e n t a l  species, N. longi- 
flora, N. debneyi-tabacum, a n d  t h e i r  t u m o u r - p r o n e  line, in  
wh ich  t he  longi/lora c h r o m o s o m e  f r a g m e n t  is i n t e g r a t e d  
in to  t h e  genome  of debneyi-tabaeum ~, ~2, were used for t h e  
p r e sen t  analysis .  T u m o u r  t i ssue  was also inc luded  in t h i s  
s tudy .  

E l ec t rophore t i c  t e chn iques  for t he  pe rox idases  were 
employed  accord ing  to  t he  fol lowing m e t h o d o l o g y  13 
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E q u a l  a m o u n t  (500 nag) of t i ssue  f rom each  t y p e  were 
t aken ,  washed  twice  w i t h  dis t i l led w a t e r  a n d  g round  in 
chil led mor t a r .  E lec t rophores i s  was conduc t ed  in a 
d i scon t inuous  buffer  s y s t e m  a t  p H  8.4, u n d e r  a n  appl ied  
g r ad i en t  of 8 10 V / c m  for 4-5  h or un t i l  t h e  b o r a t e  f ron t  
zone h a d  m i g r a t e d  to a b o u t  7 cm f rom t h e  sample  slot. 
D u r i n g  t h e  run,  t i le gel was k e p t  in  a re f r ige ra to r  ma in -  
t a i n e d  a t  4~ Af ter  the  run,  t h e  gel was sliced hor izon-  
t a l l y  in to  two  par t s .  The  presence  of perox idases  was 
d e m o n s t r a t e d  b y  i n c u b a t i n g  t h e  gel s t r ips  in a m i x t u r e  of 
benzed ine  so lu t ion  (1 g benzedine ,  10 ml  acet ic  acid and  
39 ml  water)  a n d  equa l  a m o u n t  of 3% h y d r o g e n  peroxide .  
The  z y m o g r a m  p a t t e r n ,  which  appea red  w i t h i n  a few 
sec, was  p h o t o g r a p h e d .  

The  z y m o g r a m  of perox idases  is shown  in the  Figure.  
The  z y m o g r a m  shows m a x i m a l l y  1 4  vis ible  isozymes.  
Since s t em t issues  did  n o t  e x h i b i t  a n y  apprec iab le  perox-  
idase ac t iv i ty ,  t h e y  were n o t  inc luded  in t h e  p r e s en t  
s tudy .  There  are 3 d i s t i nc t  p a t t e r n s  of i soperoxidases  in  
t h e  leaves  of 3 s t r a ins  examined .  Longi[lora shows j u s t  
9 i soperoxidases  as i t  lacks  b a n d s  A 8-10, C1 a n d  C4, 
b u t  i t  has  t h e  i soperoxidase  A 3 ;  whi le  debneyi-tabacum 
leaf shows 13 isoperoxidases  as i t  lacks A 3 b a n d  an d  t h e  
i n t e n s i t y  o f  b a n d s  A2,  A4,  an d  C2 is v e r y  l ight.  The  
t u m o u r - p r o n e  p l a n t  showed p rac t i ca l ly  t h e  same p a t t e r n  
of m a j o r  b a n d s  as t h a t  of debneyi-tabacum. The  b a n d  A 3 
is a b s e n t  in t h e  p r e - t u m o u r o u s  p lan t ,  whi le  th i s  iso- 
pe rox idase  is p re sen t  in  t h e  t u m o u r a n d  t h e  i n t e n s i t y  of 
b a n d s  A2,  A4,  C1 an d  C2 is m o r e i n  t h e  t u mo u r .  Th i s  
ind ica tes  t h a t  the  i soperoxidase  A 3  is  n o t  a c t i v a t e d  in 
t h e  p r e - t u m o u r o u s  p l a n t  un t i l  tm l lou r  fo rmat ion .  Th i s  
o b s e rv a t i o n  impl ies  t h a t  t h e  gene for t h e  A 3 t r ansc r ibes  a 
tumour-spec i f i c  i soperoxidase  which  is i nhe r i t ed  f rom the  
longi/lora paren t ,  whi le  t h e  genes for A 4  an d  C1, in  
add i t i on  to t h e  genet ic  backg round ,  are c o n t r i b u t e d  f rom 
debneyi-tabacum. I t  has  been  shown  1~ r ecen t ly  in  t he  
p r e s en t  t u m o u r  t e s t  sys t em t h a t  p r e - t u m o u r o u s  p l a n t  
t i ssues  co n t a i n  r e l a t ive ly  h igher  levels of I A A  compared  
w i t h  t he i r  n o r m a l  pa ren t s ,  an d  i t  m a y  be  p r e s u m e d  
t h a t  h igh  I A A  levels repress  the  ac t ion  of A 3 locus in t he  
h y b r i d  before  t u m o u r  fo rmat ion .  

Zusammen/assung. I sope rox ide -Mus te r  yon  Nico t i ana -  
a r t en  u n d  ih r en  t u m o r b i l d e n d e n  H y b r i d e n  s ind cha rak t e -  
r i s t i sch  verschieden .  Das  T u m o r g e w e b e  zeigt  spezif ische 
I s o e n z y m e  der  Peroxidase ,  die im gesunden  Gewebe der-  
se lben  Pf l anze  n i c h t  v o r k o m m e n .  
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4 3 2 1 
Zymogram showing the isozyme pattern of peroxidases ill N. 
longi]lora (1), N. debneyi-tabacum (2), tumour-prone plant (3), and 
tumour (4). Band A3 is present in N. longiJlora and the tumour, 
but it is absent in the tumour-prone plant. 
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