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Influence of caffeine and cystein on the frequency of ~,-ray-induced chromosomal aberrations in Vicia [aba 

]~XPERIENTIA 30/1 

Treatments No. of cells analysed Cells with breaks, bridges Modulation of index of 
and mieronuelei (per cent • SE} aberration j)er cent 

O R; Cystein 2856 
O R; Caffeine 2937 
200 R; Distilled water 2734 
Caffeine pre-treatment; 200 R 3096 
200 R; Caffeine post-treatment 3655 
Cystein pre-treatment; 200 R 4585 
200 R; Cystein post-treatment 4364 
(Caffeine + Cystein) pre-treatment; 200 R 3739 
200 R; (Caffeine + Cystein) post-treatment 3209 
Caffeine pre-200 R; Cystein post-treatment 2928 
Cystein pre-200 R; Caffeine post-treatment 3155 

2.88 ~: 0.32 
11.53 -4- 0.61 4.00 
5.85 4. 0.40 2.03 
1.99 4- 0.21 0.69 
0.59 4- 0.12 0.20 
3.04 -4- 0.29 1.06 
2.78 -- 0.29 0.97 
0.07 4- 0.05 0.02 
1.01 i 0.18 0.35 

Modulation index: defined as the ratio of the percent of cells affected by 200 R; distilled water to that irradiated with any pre- or post- 
treatment under comparison. When the value is about 1 = no modulation; when the value is significantly less than 1 -- protection; when the 
value is significantly more than 1 = sensitization. 

m e n t s  were al lowed to recover  for 16 h before f ixa t ion  in a 
1 : 3 acetic-alcohol.  This allowed scoring of cells which were 
app rox ima te ly  in the  G1 stage of in te rphase  12 at  the  t ime  
of i r radiat ion.  5 slides per  t r e a t m e n t  were p repa red  by  
Feulgen dyeing  and f rom each of these  10 fields were ana-  
lysed under  h igh power.  Ceils wi th  chromosomal  aberra-  
t ions  a t  me taphase  and  anaphase  and micronuclei  a t  inter-  
phase  were scored (Table). ApproPr ia te  non- i r rad ia ted  
controls  were also s tudied  bu t  there  were no s ignif icant  
effects. 

Results and discussion. Our da ta  show tha t ,  under  condi- 
t ions of exper iment ,  cys te in  affords grea ter  p ro tec t ion  
when  appl ied  immed ia t e ly  af ter  i r radiat ion.  If  radical  
scavenging is the  major  mechan i sm of radioprotec t ion ,  
cys te in  should be more  p o t e n t  when  p resen t  dur ing  irra- 
diat ion.  As judged  f rom our results,  it  appears  t h a t  pos t -  
i r radia t ive ly  added  cys te in  might ,  in some manner ,  in- 
fluellce a p a t h w a y  by  which the  rad ia t ion- induced  initial  
lesions a t  G 1 are t r ans fo rmed  into  maj or ch romosome  break-  
age. 

Caffeine admin is te red  before i r rad ia t ion  is more  effec- 
t ive  in po ten t i a t i ng  the  damage  t h a n  when  appl ied as a 
pos t - t r ea tmen t .  Fur the rmore ,  its radiosensi t iz ing act ion 
gradual ly  diminishes  and  f inal ly d isappears  wi th  increas- 
ing in te rva l  be tween  i r rad ia t ion  and  its p o s t - t r e a t m e n t  ~. 
These observa t ions  seem to suppor t  the  con ten t ion  t h a t  
caffeine blocks some of t he  rapid  recovery  s teps  involving 
e i ther  repair  repl icat ion 9 or repl icat ive syn thes i s  10,11 The 
fo rmat ion  of cer ta in  complexes  be tween  caffeine and  the  
rad ia t ion- induced  lesions may,  however ,  be the  f i rs t  s tep  ~3. 
The observa t ion  of enhanced  rad iopro tec t ion  following a 
sequent ia l  t r e a t m e n t  w i th  caffeine pre- and  cys te in  post-  
i r radia t ion  can also be expla ined  on the  basis  t h a t  caffeine 
f irs t  forms cer ta in  complexes  w i th  the  rad ia t ion- induced  
lesions which  are t h e n  more  effect ively r emoved  by  cys- 
tein.  If  cys te in  is no t  admin i s t e red  to  the  sys t em imme-  
d ia te ly  af ter  i r radiat ion,  sens i t iza t ion  results.  W h e n  the  
sequence of t r e a t m e n t  is reversed (i.e.) cys te in  pre- and 

caffeine pos t - i r radia t ion ,  the  level of rad iopro tec t ion  is 
reduced  by  abou t  90% ; however,  i t  is still  ap p ro x i ma te ly  
50% more  t h a n  the  cys te in  p o s t - t r e a t m e n t  alone. This 
m a y  be due to  a reduc t ion  of abou t  50% of the  complexes  
formed if caffeine is no t  p resen t  in the  sys tem dur ing irra- 
diat ion.  

W h e n  equimolar  concen t ra t ions  of b o t h  caffeine and 
cys te in  are applied,  there  is ne i ther  sensi t iza t ion nor  pro- 
t ec t ion ;  i t  is no t  known w h e t h e r  one counte rac t s  the  ef- 
fects of the  other.  

Since these  results  are largely conf ined to cells irradia- 
t ed  a t  the  g l  stage, there  is need to inves t iga te  the  modi-  
fying effects of caffeine and  cys te in  on cells i r radia ted  at  
the i r  S and G 2 stages as well. 

Rdsumd. Tandis  que l ' emploi  de cafgine a v a n t  l ' i r radia-  
t ion t e n d  g augmen te r  le d o mmag e  fai t  aux chromosomes,  
l ' appl ica t ion  de cystgine i m m 6 d i a t e m e n t  apr@s l ' i r radia-  
t ion  d iminue  ce dommage .  Par  consgquent ,  un t r a i t e m e n t  
de caf6ine a v a n t  e t  de cys%ine apr@s l ' i r rad ia t ion  offre le 
m a x i m u m  de protec t ion .  
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P l a s t i d  D i f f e r e n t i a t i o n  on  6 - A z a u r a c i l  M e d i a  

The an t ime tabo l i t e  6-azauracil  received a t t en t i on  in 
medic ine  because its canceros ta t ic  ac t iv i ty  1 and its bene-  
ficial effect  on cell cul tures  der ived f rom pa t i en t s  af- 
f l ic ted by  he red i t a ry  orotic aciduria 2. The base is slowly, 
and its nucleoside is efficiently,  me tabo l i zed  by  m a m m a l i a n  

cells to 6 -azaur id ine -5 ' -monophospha te  b u t  di- and  tr i-  
phospha t e s  are appa ren t l y  no t  fo rmed a, 4 and the  analog 
is no t  incorpora ted  in subs tan t i a l  amo u n t s  in to  nucleic 
acids ~, 6. The p r i ma ry  biochemical  effect  of the  drug is 
bel ieved to  be the  inhibi t ion of t he  ac t iv i ty  of orot idyl ic  
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acid (05 P) decarboxylase  7, s. The resul t ing  in te r fe rence  
wi th  de novo py r imid ine  syn thes i s  m a y  depr ive  the  
carc inoma or leukemia  cells f rom nucleic acid precursors .  
The mechan i sm of ~:he beneficial  effect  of the  drug on 
orotic aciduria  is compl ica ted  9,1~ H u m a n s  affl icted by 
th is  rare disease appear  to  be def ic ient  e i ther  in b o t h  
05P-decarboxylase  and 05P-pyrophosphory lase  (Type I) 
or only in the  f i rs t  enzyme (Type II) 2. Feed ing  to  genet-  
ically defect ive cell cul tures 6-azauridine, t he  level of these  
enzymes  m a y  be res tored  to near  normal  9. The drug  causes 
accumula t ion  of subs t ra tes  of t he  p a t h w a y  (e.g. orotic  
acid, d ihydrooro t i c  acid) and  the  la t t e r  m a y  stabi l ize 
the  defect ive enzymes  or the  inh ib i to ry  effect  of 6- 
azauridyl ic  acid m a y  lead to  derepress ion  of the  p a t h w a y  
by  deple t ion  of p roduc t s  ~~ 

In  im  m u t a n t s  (Reques ts  for seed should be addressed  
to G. P. R~DEI) of a ch romosomM gene locus of the  angio- 
sperm Arab id@s i s  when  grown under  condi t ions  severely 

in ter fer ing  with leaf p i g m e n t  p roduc t ion  (aseptic cul ture  
under  h igh  in t ens i ty  cont inuous  i l luminat ion)  6-azauracil,  
6-azauridine and 6-azacyt idine  par t iMly res tore  t he  green 
color of t he  plants11, 12 (Figure 1). The response  of the  
p lan t s  to  feeding the  analog is a gradual  process.  In  a 
per iod  of 2 m o n t h  cul ture t he  p i g men t  co n t en t  m a y  
reach over  60% of t h a t  of the  wild t ype  p lan t s  and  m a y  
display 10-fold increase re la t ive to  the  control  (Figur e 2). 
I n  con t ras t  to  the  ut i l iza t ion of the  analog in an imal  
cells 8, in these  p lants ,  on molar  basis, the  azanucleoside is 
less effect ive t h a n  the  base. The me tabo l i sm of 6-azauracil  
to  i ts  m o n o p h o s p h a t e  is ef t ic ient  13 t h ro u g h  the  de novo 
syn the t i c  p a t h w a y  bu t  the  opera t ion  of t he  salvage p a t h  
appears  to  be of minor  impor tance .  In  Arabidopsis  ~3, like 
in the  cocklebur  ~4, a small  a m o u n t  of r ad ioac t iv i ty  is 
incorpora ted  into nucleic acid f rom ~C-labelled 6-azauracil.  
The m u t a n t  p l an t  t issues also d isplay  anomaly  in pyr imi -  
dine syn thes i s  bu t  in con t ras t  to  h u m a n  orotic aciduria  
where  enzyme ac t iv i ty  is reduced,  in these  p lants ,  grown 
on min imal  media,  t he  act ivi t ies  of b o t h  05P-pyrophos-  
phory lase  and  decarboxylase  are e leva ted  13. Fu r the rmore ,  
unIike in he red i t a ry  orotic  aciduria  Type  I, where  
6-azauridine supply  res tores  the  ac t iv i ty  of bo th  enzyme ~, 
in t he  Arabidops is  t issues the  analog reduces  t he  a m o u n t  
of the  act ive  phosphor ibosy l t r ans fe rase  and increases the  
level of the  decarboxylase  13. The block in the  py r imid ine  
pa th ,  the  reduc t ion  of the  level of 05P-pyrophosphory l -  
ase, and  the  inh ib i t ion  of the  ac t iv i ty  of the  05P-decarbo-  
xylase, results  in an accumula t ion  of orotic  acid 13. 

Die ta ry  orotic acid supply  to ra ts  involves  the  accu- 
mula t ion  of l ipids in the  l iver p r e sumab ly  t h ro u g h  an 
imbalance  be tween  pyr imid ines  and purines~5-tL In  the  
case of abundance  of orotic acid t he  py r imid ine  p a t h w a y  
competes  appa ren t l y  more  successfully t h a n  the  pur ine  
p a t h  for the  l imi ted  phosophor ibosy l  pooN s. Blocking 
pyr imid ine  synthes is  in Arabidopsis  distal  to orotic  acid 
restores the  deve lopmen t  of t he  in te rna l  m e m b r a n e s  of 
the  plas t ids  (consisting largely of lipids) and  it makes  
possible p i g men t  p roduc t ion  under  o therwise  unfavor-  

Fig. 1. Arabidopsis mutant im 1 gi 2 grown on minimal (left) and 
1.5 x 10-5M 6-azauraeiI media (right) under continuous illumination 
for 2 months. The gene gi ~ was used only to delay flowering and to 
obtain larger plants. 
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Fig. 2. Plants were grown as indicated at Figure 1, except that they 
were harvested at the ages given on the abscissa. Chlorophyll was 
extracted in 85% acetone and absorption was determined and the 
quantities were calculated on the basis of the formulae given by 
R6BBELEN 20. The pigment content of the azauracil treated plants is 
expressed in percent of that of the control. 
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Fig. 3. Electron micrographs of 
normal wild type chloroplast (A), 
of im mutant (B) as illustrated on 
the left of Figure 1 and that of the 
same mutaI~t grown on 1.5 • 10-aM 
azauracil medium (C). The tech- 
nique of electronmicroscopic ma- 
nipulations was given earlier ~1. 
s starch; osmiophilie globuli; 
v vacuoles. 

able  condi t ions .  I n  t he  cont ro l  wh i t e  cells of the  p lan t s ,  
p l a s t i d  d i f f e ren t i a t ion  is a r re s t ed  a t  an  ear ly  stage. T h o u g h  
t he  ou t e r  m e m b r a n e  of t h i s  organel le  as well  as o the r  
m e m b r a n e s  (nuclear,  mi tochondr i a l )  a p p e a r  n o r m a l  in  
th i s  condi t ion ,  t he  p las t ids  in  t he  whi t e  cells d i sp lay  
on ly  osmiophi l ic  globuli  a n d  vacuoles  (Figure 3B). A t  
low concen t r a t i ons  of 6-azauraci l  t h e  m a j o r i t y  of t h e  
green cells p roduced  exh ib i t  ch loroplas t s  und i s t i ngu i sh -  
able  f rom the  n o r m a l  ones (Figure 3A). A t  h igher  con- 
c en t r a t i ons  m a n y  of t he  m u t a n t  cells h a v e  green an d  
func t iona l  ch lorop las t s  as i nd ica t ed  b y  the  large a m o u n t  of 
s t a r c h  a c c u m u l a t e d  ye t  t he  shape  of t he  t h y l a k o i d s  is 
cha rac t e r i s t i ca l ly  cu rved  (Figure  3C). Such  a b n o r m a l  
ch loroplas t s  can  be seen on ly  r a re ly  in t he  cells of t h e  
wild t y p e  p l a n t s  g rown u n d e r  iden t i ca l  condi t ions ,  a n d  
even  then ,  t h e  express ion  of t h i s  a l t e red  fo rm is m u c h  less 
conspicuous  1,  

I n  t he  h ighe r  p l a n t  Avabidopsis, m u t a n t s  a t  a chromo-  
somal  gene locus im fail  to  d i f f e ren t i a t e  n o r m a l  chloro- 
p las t s  u n d e r  h i g h  i n t e n s i t y  c o n t i n u o u s  i l l u m i n a t i o n  w h e n  
grown on minera l -g lucose-agar  asept ic  med ium.  U n d e r  
these  cond i t ions  t h e  a c t i v i t y  of de novo  syn thes i s  of 
py r imid ine s  is accelera ted.  Feed ing  6-azauraci l  to  t h e  
p l a n t s  pa r t i a l l y  res tores  p i g m e n t  p r o d u c t i o n  a n d  chloro- 
p la s t  d i f fe ren t ia t ion .  On 1.5 x 10 .5 M 6-azauraci l  m e d i a  
the  func t iona l  ch lorop las t s  of t h e  m u t a n t  cells, e x h i b i t  
cu rved  thy lako ids ,  however .  An  i m p o r t a n t  m e t a b o l i t e  
of t he  analog,  6-azaur idyl ic  acid, se lect ively  i nh ib i t s  t h e  

a c t i v i t y  of orot idyl ic  acid deca rboxy lase  an d  reduces  
t h e  level  of oro t idyl ic  acid py rophosphory la se ,  an d  t h u s  
increases  t h e  orot ic  acid pool. I t  is sugges ted  t h a t  t h e  
increased  orot ic  acid supp ly  m a y  be  one fac to r  conduc ive  
to p la s t id  d i f f e ren t i a t ion  in t h e  m u t a n t s  where  normal ly ,  
in  t h e  absence  of the  ana log  orot ic  acid is r ap id ly  c o n v e r t e d  
in to  nuc leo t ides  an d  RNA,  a n d  t h e  p y r i m i d i n e - p u r i n e  
ra t io  dev ia te s  f rom normal .  

Rdsumd. Les m u t a n t s  au locus im de l'Arabidopsis ne 
r6uss issent  pas  ~ fo rmer  de ch lorop las tes  n o r m a u x  dans  
cer ta ines  cond i t ions  et  m o n t r e n t  des ac t iv i t6s  plus  h a u t e s  
en synth~se  de p y r i m i d i n e s  que le t6moin .  La  n u t r i t i o n  
asep t ique  p a r  6-azauraci le ,  i n h i b i t e u r  sp6cif ique de ce t t e  
voie m6tabo l ique ,  r e s t au re  la d i f f6renc ia t ion  de s t r u c t u r e  
lamel la i re  dans  la  p l u p a r t  de ces organi tes ,  ma t s  aux  
co n cen t r a t i o n s  61ev6es, a p p a r a i s s e n t  des  ch loroplas tes  mor-  
p h o l o g i q u e m e n t  d6viants ,  quo ique  de fonc t ion  efficace. 
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Heterochromatin Localization in the Chromosomes  of Lycosa malitiosa (Arachnida) 

This  is a p r e l i m i n a r y  r epo r t  on  a cy togene t i c  s t u d y  of 
Lycosa malitiosa. The  m a i n  pu rpose  of th i s  work  is to  
s t u d y  t he  meio t ic  process  a n d  t he  h e t e r o c h r o m a t i n  
local izat ion.  

Six males  a n d  8 females  f rom Mar ind i a  (Uruguay)  were 
employed .  The  females  were in jec ted  w i t h  0.1 ml.,  0 .04% 
colchicine solut ion.  Af te r  20 h t h e y  were sacr i f iced an d  t h e  
h e m o l y m p h e  was e x t r a c t e d  f rom t h e  dorsa l  vessel  an d  
legs a n d  p laced  in i sotonic  sal ine so lu t ion  (I S S). They  were 
p r e t r e a t e d  w i t h  I S S  a n d  dis t i l led  wa te r  1:1 for 25 m i n  
a n d  t h e n  f ixed  in me tano l - ace t i c  3/1. The  t e s t i cu la r  
m a t e r i a l  was  d i lacera te  a n d  t r e a t e d  w i t h  0.025% t r y p s i n  
so lu t ion  a n d  all t h e  p r e p a r a t i o n s  were s t a ined  w i t h  
Giemsa.  The  h e t e r o c h r o m a t i n  s t a in  p rocedure  was m a d e  
accord ing  to  ARRIGI~I and  H s u ' s  1 t e c h n i q u e  w i t h  s l igh t  
modi f ica t ions .  

I n  t h e  20 m e t a p h a s e s  s tud ied  we found  iden t i ca l  
c h r o m o s o m e  c o m p l e m e n t s  w i t h  diploid  n u mb er ,  2n = 20 
+ X1X20 in t h e  male  a n d  2n = 20 + X l X l X 2 X  2 in  t he  
female,  al l  ch romosomes  be ing  te locent r ic  (Figure 1). 

D u r i n g  t h e  meiot ic  p rophase ,  t h e  sex ch romosomes  
were obse rved  as s t rong ly  condensed  in  r e l a t i on  to  t h e  
au tosomes .  The  X e lement s  were c lear ly  recognized in t he  
meio t ic  m e t a p h a s e .  A lmos t  a lways  t h e y  were p r e s en t  in  
an  eccentr ic  pos i t ion  in r e l a t ion  to  t h e  spindle,  qu i t e  
sepa ra te  f rom t h e  au tosomes ,  a n d  iden t i f i ed  as 2 long 
rods  ly ing  para l le l  to  each  other .  D u r i n g  d i p l o n e m a  each  
b i v a l e n t  h a d  1 d is ta l  q u i a s m a  ill t h e  m a j o r i t y  of cases and  
occas ional ly  2 p ro x i ma l -d i s t a l  ch i a sma ta .  I n  t h e  soma t i c  
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