
74 Speeialia EXPERIENTIA 25/1 

Modification of the Radiomimetic  Effects of Nitrosoguanidine by Cysteine in Plants 

The n u m b e r  of chemicals  giving p ro tec t ion  agains t  
r ad ia t ion  damage  b o t h  in animals  and  p lan ts  is large. 
T h a t  some of these  compounds  can also afford p ro tec t ion  
agains t  r ad iomimet ic  chemicals  has been  shown in a few 
cases 1,2. The aim of the  p re sen t  commun ica t i o n  is to  
r epor t  a s ignif icant  p ro tec t ion  given b y  cys te ine  aga ins t  
the  le thal  and ch romosome  breaking effects  of 1-methyl-  
3 -n i t ro - l -n i t rosoguan id ine  (NG), a known  rad iomimet ic  
and mutagen ic  agent  3. 

Res t ing  seeds of bar ley  (var. Volla) and secondary  
roots  of Vicia faba (var. Hangdown)  were used in t he  
s tudy.  Solut ions of NG were made  in M/!5 p h o s p h a t e  
buffer  ad jus ted  to  p H  6 and  those  of cys te ine  in double  
glass-dist i l led water .  Seeds of bar ley  (100 seeds in each 
case) were t a k e n  in a conical flask and  100 ml of t e s t  
solut ion added  to it. Af te r  a t r e a t m e n t  of 16 h t he  solu- 
t ions  were d ra ined  away  and  seeds g iven a quick wash  
in runn ing  wa te r  (18~ Seeds were immed ia t e ly  p u t  
on th ick  mois t  f i l ter  papers  for ge rmina t ion  at  20 • 2 ~ 
Seedlings were grown under  day  l ight  hours  and seedling 
he igh t  measured  on the  s even th  day. In  Vicia abou t  1 cm 
long secondary  roots  were given the  t r e a t m e n t  for 45 rain. 
Af te r  the  t r e a t m e n t  the  seedlings were al lowed to  recover  
in t ap  water .  F ixa t i on  was  m a d e  in 1:3 acetic  acid 
alcohol following a p r e t r e a t m e n t  wi th  0.05% colchicine 
for 3 h. Feulgen  squash  p repa ra t ions  were  made,  and  
scoring was m a d e  a t  me taphase .  

The concen t ra t ions  of NG and the  condi t ions  of t rea t -  
m e n t  used here  have  a l ready  been shown to  have  a 
s t rong  rad iomimet ic  abi l i ty  in higher  p lan t s  3. In  t he  
p re sen t  expe r imen t s  cys te ine  alone had  no effect  e i ther  
on ge rmina t ion  or seedling g rowth  of bar ley  seeds. Ni t ro-  
soguanidine  (1 m M ,  16 h) reduced ge rmina t ion  b y  30% 
and seedling he igh t  by  52%. In  combina t ion  wi th  
cys te ine  (6 • 10-3M) the  le thal  effects  of NG were 
fully neut ra l ized  and germina t ion  was again normal  
(Table I). Seedling in jury  calculated according to  t he  
m e t h o d  of COI~GER et al. 4 was reduced  f rom 51% to 
only  17.9%. As regards  ch romosome  breakage  in Vicia 
it  can be seen (Table II) t h a t  following NG t r e a t m e n t  
abou t  30% cells were abnorma l  and up to 39.5 aber-  
rat ions/100 cells were recorded.  Bu t  when  this  t r e a t m e n t  
was carried out  in the  p r e s e n c e  of cysteine,  a s ignif icant  
reduc t ion  in damage  was no ted  which  was  as high as 
48% depend ing  on the  concen t ra t ion  of b o t h  NG and  
cysteine.  

The mi to t ic  index  (Table II) however ,  r emained  un- 
affected.  I t  m a y  be po in ted  out  t h a t  only  combined  

t r e a t m e n t s  gave this  p ro tec t ion  and  b o t h  pre- and  pos t -  
t r e a t m e n t s  were  largely ineffective.  

Cysteine is k n o w n  to  p ro t ec t  agains t  r ad ia t ion- induced  
chromosome d amag e  b o t h  in animals  and  p lants  5-~ and  
the  ex t en t  of p ro tec t ion  achieved in p resen t  expe r imen t s  
is closely comparab le  to  t h a t  given agains t  i r radiat ions 5-s. 
The p ro tec t ive  abi l i ty  of cys te ine  was a t t r i bu t ed  ma in ly  
to  i ts  ac t ion as a reducing agent ,  i.e. by  crea t ing  anoxie  
condi t ions  dur ing  the  t r e a t m e n t  9. B u t  how cys te ine  
provides  p ro t ec t ion  agains t  NG damage  canno t  be said 
wi th  ce r t a in ty  a t  p resen t ;  but ,  by  analogy wi th  radio- 
p ro tec t ive  work,  it  m a y  be as sumed  t h a t  cys te ine  is 
opera t ing  by  a lowering of the  in t racel lular  oxygen ten-  
sion. In  t h a t  case NG effects m a y  be due  to  in terference 
wi th  resp i ra to ry  chain d i rec t ly  or t h ro u g h  some respi- 
r a to ry  enzymes .  Hi ther to ,  NG was regarded to ac t  only 
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Table I, Barley (var. Volla) treated with nitrosoguanidine (1 mM, 
16 h) alone or in combination with eysteine 

Treatment Germination Seedling Seedling 
% of control height injury 

% of control (%) 

(1) Nitrosoguanidine, 1 mM 70.0 48.4 51.58 
[2) Cysteine 3 • 10-aM 100.0 97.9 2.15 
/3) Cysteine 6 x 10-aM 100.0 96.9 3.15 
{41 1 + 2 85.0 46.3 43.68 
(5) 1 4- 3 100.0 82.1 17.89 

Data showing reduction in seed lethality and seedling injury by 
cysteine. 

Table II. Data showing protection against NG induced chromosome breakage in secondary roots of Vicia/abet by cysteine 

Treatment Abnormal Aberrations 100 ceils CHB T CHE Protection Mitotic 
cells (%) index 

NG Cysteine (%) Chromatid Chromatid 
mM • 10-aM breaks (CHB! exchanges (CHE) 

. . . . .  6.8 
0.75 - 29.5 26.4 12.8 39.2 - 6.i 
0.75 3 22.5 23.6 9.0 32.5 17.10 6.3 
0.75 6 16.0 14.7 8.1 22.8 41.84 6.7 
0.50 - 28.5 17.1 18.3 35.4 6.4 
0.50 3 18.5 16.4 10.3 26.7 24.58 5.8 
0.50 : 6 15.6 10.0 8.3 18.3 48.33 6.0 

200 metaphases analysed in each case. 
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as a n  a lky l a t i ng  a g e n t  3. R e d u c t i o n  in c h r o m o s o m e  b r e a k s  
is, however ,  due  to  a r educ t i on  in a c t u a l  i n d u c t i o n  of 
N G - i n d u c e d  b r e a k s  r a t h e r  t h a n  a h ighe r  p r o p o r t i o n  of 
r e s t i t u t i o n  of b r o k e n  ends, in  v iew of t he  fac t  t h a t  
f r equency  of c h r o m a t i d  exchanges  and  mi to t i c  i ndex  d id  
n o t  show a n y  increase  w i t h  cys te ine  t r e a t m e n t s  a n d  t h a t  
on ly  c o m b i n e d  t r e a t m e n t s  were  effect ive  1~ 

50% reduzier t .  Es  wi rd  v e r m u t e t ,  dass  diese R e d u k t i o n  
auf  eine & n d e r u n g  des Sauers toffspiegels  in  der  Zelle 
d u r c h  das  L-Cystein zur i ickzuf i ihren  ist. 

B. L. KAUL 

Max-Planck- f nstitut fi~r Z i~chtungs/ orschung, 
5 Kgln-Vogelsang (Germany), 12 September J968. 

Zusammen/assung. Es  w u r d e n  Ger s t enke iml inge  u n d  
sekund~re  W u r z e l n  yon  Vicia faba n l i t  N i t r o s o g u a n i d i n  
al le in  oder  in  K o m b i n a t i o n  m i t  L-Cystein b e h a n d e l t .  I m  
l e t z t e rn  Fa l l  war  der  r a d i o m i m e t i s c h e  Ef fek t  bis  au f  
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Evidence of Macrophages being 19 S-Antibody Producing Cells, as Shown by a Modification of the 
Plaque-Technique 

The  i m m u n o g e n i c  func t i on  of m a c r o p h a g e s  is be ing  
i nves t i ga t ed  in m a n y  labora tor ies .  The  role of macro-  
phages  for a n t i b o d y  f o r m a t i o n  is supposed  to  cons is t  of 
t h e  fol lowing : 

(1) The  process ing  of t he  a n t i g e n  a f te r  phagocy tos i s  a n d  
the  f o r m a t i o n  of a specific R N A  in t he  macrophages .  This  
R N A  could be  t r ans fe r r ed  to  t he  a n t i b o d y - f o r m i n g  cells 
a n d  so induce  t he  a n t i b o d y  syn thes i s  l& 

(2) The  u p t a k e  of t he  a n t i g e n  b y  macrophages ,  syn-  
thes is  of R N A  a n d  f o r m a t i o n  of an  a n t i g e n - R N A -  
complex.  This  complex  is h igh ly  i m m u n o g e n i c  ( ' super-  
an t igen ' )  and  is t r ans fe r r ed  to  i m m u n o c o m p e t e n t  cells, 
i nduc ing  the re  t he  a n t i b o d y  syn thes i s  a,4. 

(3) The  d i f f e ren t i a t ion  of these  m a c r o p h a g e s  in to  an t i -  
body - fo rming  cells a f te r  u p t a k e  of t he  an t igen .  

W e  s tud ied  th i s  d i f f e ren t i a t ion  b y  t r y i n g  to  f ind  p l aque -  
fo rming  cells wh ich  h a v e  t h e  morpho log ica l  cha rac t e r i s t i c s  
of mac rophages .  F o r  th i s  i n v e s t i g a t i o n  we modi f ied  t h e  
p l a q u e - t e c h n i q u e  of JERNE 5 b y  using a m i x t u r e  of 0.2 ml  
of a 0 .7% agarose-suspens ion ,  0.05 ml  of a 100% SRBC-  
suspens ion  an d  0.06 ml  of a 20% mouse  sp leen  cells 
sensi t ized in v ivo  aga ins t  S R B C  5 days  previous ly .  A 
d rop  of th i s  m i x t u r e  was p u t  on  a glass slide a n d  sp read  
j u s t  as a b lood smear .  I t  r esu l ted  in a v e r y  t h i n  layer ,  
mos t ly  a cell m o n o l a y e r  wh ich  was i n c u b a t e d  a n d  t r e a t e d  
w i th  c o m p l e m e n t  as usual .  W e  o b t a i n e d  v e r y  smal l  
p laques ,  v is ible  a t  a low magni f ica t ion .  E a c h  p l aque -  
fo rming  cell could  be  recognized an d  a f t e r  s t a in ing  w i t h  
Giemsa  cyto logica l ly  ident i f ied.  

4000 p laques  h a v e  been  obse rved  microscopical ly .  W e  
clear ly  ident i f ied  a few p l aque - fo rming  cells as macro -  
phages  (Figure).  To be  ce r t a i n  the  t h a t  obse rved  p l aques  
were n o t  a r t e fac tua l ,  2 con t ro l  measu res  were  used  
c o n t i n u o u s l y :  (1) i n c u b a t i o n  of t h e  m i x t u r e  w i t h o u t  
c o m p l e m e n t ;  (2) s u b s t i t u t i o n  of non-sens i t i zed  spleen 
cells for t h e  sensi t ized cells. Our  o b s e rv a t i o n s  h a v e  s h o w n  
t h a t  m a c r o p h a g e s  are able  to  ca r ry  an t ibodies .  The  exper i -  
m e n t  s t rong ly  ind ica tes  t h a t  m a c r o p h a g e s  can  as sume  a n  
a n t i b o d y  p r o d u c i n g  ab i l i ty  whi le  sti l l  p r e se rv ing  t h e i r  
morpholog ica l  charac te r i s t ics .  

Zusammen[assung. Milzzellen, die A n t i k 6 r p e r  gegen 
S c h a f e r y t h r o z y t e n  bi lden,  w u r d e n  in e iner  mod i f i z i e r t en  
P l a q u e - T e c h n i k  zyto logisch  u n t e r s u c h t .  D a b e i  k o n n t e n  
e twa  3% der  A n t i k 6 r p e r  b i l d e n d e n  Zellen als Makro-  
p h a g e n  ident i f iz ie r t  werden.  
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A rnacrophage as a plaque-forming cell on the fifth day after immuni- 
zation against SRBC. • 950. 
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