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Fig. 4. An ovary of guinea-pig, 30 days after birth. An interstitial cell. A, nucleus; J, lipide drop; P, figure myelinic. × 30,000. 

I t  is known (ECKSTEIN and PASTER ~, STANFIELD et  
al. e) t h a t  gonadot ropic  hormones  increase the  ac t iv i ty  
of some enzymes  connected  wi th  the  metabo l i sm of 
ca rbohydra tes  and prote ins  (succinic dehydrogenase,  iso- 
ci tr ic  dehydrogenase) .  

W e  th ink  the  high h is toenzymologic  ac t iv i ty  of the  
in te r s t i t ium is due to  the  gonadot ropic  hormones,  espe- 
cial ly to  F S H .  This  is p roved  by  the  rap id  growth of the  
follicles and the  presence of the  described iso-folliculia. 
The  enzyme  inac t i v i t y  of the  in te r s t i t ium and its mor-  
phological  t r ans fo rmat ion  p robab ly  shows that ,  in a short  
period of  t ime,  the  incre t ion  of gonadot ropic  hormones  
is held  up. I t  m a y  be this  phenomenon  has a more com- 
p l ica ted  ho rmona l  cor re la t ive  mechanism,  bu t  i t  is 
in te res t ing  for i t  m a y  be a general  rule for the  pre- 
p u b e r ty  of mammal i a .  

Rdsumd. Ont  6t6 examin6s  427 ovaires  de cobayes  et  
de jeunes  filles. L 'ova i re ,  chez le cobaye de 30 jours  de 
la vie pos tna ta le  et  chez la jeune  l i l le ~,g6e de 10 ans, 
est caract6ris6 par  des follicules en croissance de gran- 
deur  presque  6gale (isofolliculie) et  pa r  la dispar i t ion 
presque  compl6 te  de l ' ac t iv i t6  e n z y m a t i q u e  de l ' in ter-  
s t i t ium.  
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E f f e c t  of Temperature o n  S u r v i v a l  o f  T - I r r a d i a t e d  

In  the  s tudy  of the  biological  effects of radiat ion,  con- 
siderable effort  has been devo ted  to modi f ica t ion  of the  
response of seeds by  va ry ing  the  pre- or  pos t - rad ia t ion  
env i ronment .  This  repor t  deals wi th  the  ques t ion  of how 
i r rad ia t ion  of d ry  seeds and p o s t - t r e a t m e n t  growing  
t empera tu re s  m a y  in te rac t  to influence the  response of 
p lan ts  of Arabidopsis thaliana (L.) Heynh .  The  invest iga-  
t ion grew ou t  of observa t ions  made  in the  course of 
radiobiological  studies w i th  this  organism in which there  
was a marked  difference in the  n u m b e r  of su rv iv ing  
individuals ,  depending  upon pos t - rad ia t ion  condi t ionsL 
Ev idence  is presented  for t e m p e r a t u r e  sens i t iv i ty  of 
rad ia t ion  in ju ry  in seeds which  is unre la ted  to induced 
free radicals.  

Materials and methods. Seeds of the  race ' E s t l a n d '  of 
A.  thaliana f rom a s tock suppl ied by  Dr. J.  LANGRIDGE 
of Canberra  were equi l ibra ted  wi th  d ry  ca lc ium chloride 
a t  room t e m p e r a t u r e  pr ior  to exposure.  Rad ia t ion  expo- 
sures of 150 k R  were made  using a cobal t-50 7 source. 

Seeds of Arabidopsis thaliana 

Seeds were immed ia t e ly  hydra ted  in dist i l led wa te r  for 
a m i n i m u m  of I h and then  t ransferred asept ica l ly  to  
nu t r i en t  agar  S. All cul tures were placed a t  5°C for the  
first  24 h to overcome possible do rmancy  before being 
t ransferred to growth  chambers.  Pos t - i r rad ia t ion  t rea t -  
m e n t  of 1 h in disti l led wate r  followed by  24 h on agar  
a t  5 °C should e l iminate  any  free radicals  formed due to  
i r radiat ion.  Thus any  different ial  effects observed  fol- 
lowing exposure to different  t empe ra tu r e  regimes would  
no t  be a t t r ibu tab le  to in terac t ions  of radicals  and t em-  
perature .  

Results. The surv iva l  to f lowering is less in i r rad ia ted  
popula t ions  than  in the  non- i r rad ia ted  ones, as would  
be expected at  th is  dosage (Table I). W i t h  respect  to  

! O. SHIFRISS, personal communication. 
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t e m p e r a t u r e ,  t h e  n u m b e r  of s u r v i v o r s  d r o p p e d  a t  t h e  
h i g h e r  t e m p e r a t u r e ,  27°C. A decrease  was  seen in  t h e  
n o n - i r r a d i a t e d  p o p u l a t i o n  as  wel l  as  t h e  i r r a d i a t e d  one, 
b u t  to  a g r e a t e r  degree  in  t h e  l a t t e r .  T h i s  d r o p  in  s u r v i v a l  
of n o n - i r r a d i a t e d  seed, as  wel l  as i r r ad i a t ed ,  a t  27°C 
i n d i c a t e s  t h a t  t h e  lower  t e m p e r a t u r e  (20 °C) is c loser  t o  
t h e  o p t i m u m  for  g r o w t h  in t h i s  m a t e r i a l .  

A n  e f fo r t  was  m a d e  to  d e t e r m i n e  w h e t h e r  a c r i t i ca l  
pe r iod  ex i s t ed  d u r i n g  w h i c h  i r r a d i a t e d  seeds  were  m o r e  
sens i t i ve  t o  t e m p e r a t u r e  d i f fe rences  b y  g iv ing  a b r i e f  
exposu re  to  n e a r - o p t i m u m  t e m p e r a t u r e  (Tab le  II) .  I n  
b o t h  t r e a t m e n t s ,  seeds  were  in i t i a l ly  p laced  a t  5 °C for  
24 h. I n  t h e  f i r s t  group,  w h i c h  was  c u l t u r e d  c o n t i n u o u s l y  
t h e r e a f t e r  a t  27°C, t h e  s u r v i v a l  was  46 .4%.  However ,  
if a n e a r - o p t i m u m  t e m p e r a t u r e  t r e a t m e n t  was  g iven  
d u r i n g  ge rmina t i on ,  fol lowed b y  t h e  h i g h e r  t e m p e r a t u r e  
for  t h e  r e m a i n i n g  per iod,  s u r v i v a l  was  inc reased  signifi-  
c a n t l y  to  77.4%.  

I n  t h i s  case, a n  i n t e r v a l  of on ly  4 d a y s  a t  20 °C was  
suf f ic ien t  to  increase  t h e  p e r c e n t a g e  s u r v i v a l  f r o m  46 
to  77. I t  is poss ib le  t h a t  if  t h i s  pe r iod  were  f u r t h e r  
sho r t ened ,  t h e r e  would  s t i l l  be  a s ign i f i can t  effect  on  
su rv iva l .  T h e  m a g n i t u d e  of t h e  d i f fe rence  in  r e sponse  
b e t w e e n  the se  2 t r e a t m e n t s  i n d i c a t e s  t h a t  t h e  in i t i a l  
s t ages  of g r o w t h  a re  t h e  m o r e  sens i t i ve  ones  to  t e m p e r a -  
t u r e  v a r i a t i o n .  I t  wi l l  b e  n o t e d  t h a t  l e t h a l i t y  a t  27 °C 
in  t h i s  e x p e r i m e n t  is less t h a n  was  obse rved  in  t h e  p r e v i o u s  
e x p e r i m e n t  for  b o t h  i r r a d i a t e d  a n d  n o n - i r r a d i a t e d  g roups  
(Tab le  I) .  A l t h o u g h  t h e  m e a s u r e d  a i r  t e m p e r a t u r e s  were  
t h e  same,  t h e  d i f fe rence  m a y  ref lec t  a d i s c r e p a n c y  in  
t e m p e r a t u r e  w i t h i n  t h e  cu l t u r e  tubes ,  t h a t  in  t h e  ear l ie r  
e x p e r i m e n t  b e i n g  h i g h e r  due  to  closer  p r o x i m i t y  to  t h e  
l igh t  source.  

To d e t e r m i n e  if a l t e r a t i o n s  in  p o s t - r a d i a t i o n  s u r v i v a l  
af fec t  t h e  c o m p o s i t i o n  of s u b s e q u e n t  genera t ions ,  t h e  
p rogen ies  f rom b o t h  t he se  g roups  were  c u l t u r e d  a n d  
examined .  T a b l e  I I I  shows t h e  m e a n - s q u a r e  e x p e c t a t i o n  
for  t h e  w i t h i n - p l o t  v a r i a n c e s  of i r r a d i a t e d  a n d  non -  
i r r a d i a t e d  popu la t ions .  T h e  e s t i m a t e  of t h e  c o m p o n e n t ,  
a~, r e p r e s e n t s  t h e  t r a n s m i s s i b l e  v a r i a t i o n  i nduced  b y  
r ad i a t i on ,  w h i c h  is a s s u m e d  to  be  gene t i c ;  however ,  i t  
cou ld  also inc lude  phys io log ica l  d a m a g e  if, for  example ,  
some  d a m a g e d  c y t o p l a s m i c  c o m p o n e n t  were  t r a n s m i t t e d  
t h r o u g h  t h e  f emale  p a r e n t .  On  t h e  bas i s  of a h i g h l y  
s ign i f i can t  F va lue ,  i t  was  conc luded  t h a t  t h e  p o p u l a t i o n  
w i t h  t h e  g r e a t e r  s u r v i v a l  in  t h e  f i r s t  g e n e r a t i o n  also 
showed  g r e a t e r  gene t ic  v a r i a b i l i t y  a m o n g  i ts  p rogeny .  
F r o m  these  s a m e  ind iv idua l s ,  e s t i m a t e s  of  fer t i l i ty ,  b a s e d  
o n  p e r c e n t a g e  po l l en  s ta i rmbi l i ty ,  were  o b t a i n e d  
(Tab le  IV),  w h i c h  i n d i c a t e  s ign i f i can t ly  more  s t e r i l i t y  
in  t h e  p r o g e n y  of t h e  n e a r - o p t i m u m  t e m p e r a t u r e  popu-  
la t ion .  T h e r e  is a lso ev idence  for  n o n - h o m o g e n e i t y  of  
v a r i a n c e  f r o m  t h e  d i f fe rence  in  t h e i r  r e spec t ive  errors ,  
5.7 vs. 3.2. 

Discussion and conclusions. I f  one  co r re la t e s  t he se  
resu l t s  f rom p r o g e n y  t e s t i n g  w i t h  t h e  o r ig ina l  s u r v i v a l  
of i r r a d i a t e d  seed, g r ea t e r  r a d i a t i o n  damage ,  as  re f lec ted  
b y  v a r i a t i o n  in  f lower ing  t i m e  a n d  fer t i l i ty ,  is f o u n d  to  
be  assoc ia ted  w i t h  g rea t e r  su rv iva l .  T he  fac t  t h a t  less 
d a m a g e  is a ssoc ia ted  w i t h  lowered s u r v i v a l  i nd ica t e s  
t h a t  t h e  miss ing  f r ac t i on  of t h e  p o p u l a t i o n  h a d  rece ived  
g rea t e r  r a d i a t i o n  d a m a g e  t h a n  t h e  su rv ivors .  Th i s  p a t -  
t e r n  could  ar ise  if t h e  more  d a m a g e d  i n d i v i d u a l s  h a d  
b e e n  p re fe ren t i a l l y  e l i m i n a t e d  f rom t h e  p o p u l a t i o n  d u r i n g  
t h e  ea r ly  s tages  of g rowth .  

T h e  role  of t e m p e r a t u r e  in  t h e  express ion  of r a d i a t i o n  
d a m a g e  shou ld  be  v i ewed  t h r o u g h  i t s  in f luence  o n  cel lu lar  
m e t a b o l i s m .  I t  h a s  b e e n  e m p h a s i z e d  p rev ious ly  t h a t  cel- 
lu l a r  a c t i v i t y  is t h e  f ac to r  w h i c h  revea l s  t h e  les ion caused  
b y  i r r a d i a t i o n  8. T h e  r a d i a t i o n  r e sponse  m a y  n o t  b e  

Table I. Survival to flowering in M I generation 

Irradiated Control 
Treatment 
(°C) Sur- Non- Sur- Sur- Non- Sur- 

vivors sur- vival vivors sur- vival 
vivors ( % ) vivors ( % ) 

5 q- 20 76 24 76.0 86 14 86.0 
5 -t- 27 11 89 11.0 63 37 63.0 

Z ~ = 21.1; P<0.01 .  

Table II. Survival to flowering in M 1 generation 

Irradiated Control 
Temperature 
treatment Sur- Non- Sur- Sur- Non- Sur- 
(°C) vivors sur- viral vivors sur- rival 

vivors (%) vivors (%) 

5 + 27 130 150 46.4 187 13 93.4 
5 + 20 + 27 127 37 77.4 144 6 96.0 

Analysis of variance (angular transformation) 

Source of variation df Mean square F 

Radiation 1 112,592.8 137.1 • 
Temperature 1 22,749.4 27.7 • 
Interaction 1 11,016.0 13.4 • 
Error oo 821 

I P ~ 0 .01 .  

Table III. Estimates of variance components for flowering time in 
M~ generation 

Temperature Within-plot Difference 
treatment mean squares ~ 
(°C) Irradiated Control 

F 

5 "b 27 7.44 3.56 3.88 2.17 * 
5 q- 20 + 27 13.37 4.94 8.43 

P ~  0.02. 

Table IV. Pollen sterility (%) in M~ generation 

Temperature treatment Irradiated Control 
(oc) 

5 + 27 12.6 ± 3.2 <1  
5 -t- 20 + 27 31.0 ± 5.7 < 1  

3 L. H. GRAY, Prog. Biophys. biophys. Chem. 2, 240 (1951). 
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e q u i v a l e n t  if t e m p e r a t u r e s  w h i c h  a re  sub -op t ima l ,  b u t  
suf f ic ien t  to  a l low g e r m i n a t i o n  a n d  growth ,  are  com- 
p a r e d  4-*. KONZAK e t  al. s sugges ted  t h a t  t e m p e r a t u r e  
in f luences  r a d i a t i o n  d a m a g e  t h r o u g h  a l t e r a t i o n  of t h e  
r e a c t i o n  r a t e  for  i n d u c e d  f ree- rad ica l  species. However ,  
t h i s  m e c h a n i s m  shou ld  no t  a p p l y  in t h e  p r e s e n t  case 
s ince p o s t - i r r a d i a t i o n  t r e a t m e n t  would  be  expec t ed  to  
e l i m i n a t e  free radica ls .  

T h e  j o i n t  effects  of ion iz ing  r a d i a t i o n  a n d  t e m p e r a t u r e  
in  d e t e r m i n i n g  biological  d a m a g e  can  be  v iewed  as an  
e x a m p l e  of t h e  ecological  concep t  of l im i t i ng  factors .  I t  
is a we l l -known  p r inc ip l e  t h a t  w h e n  cond i t i ons  are  n o t  
o p t i m u m  for  a species  w i t h  r e spec t  t o  one  ecological  
factor ,  t h e  l i m i t s  of  t o l e r ance  m a y  be  r educed  w i t h  
r e spec t  to  o t h e r  ecological  factors .  T h e r e  is ev idence  t h a t  
some cond i t i ons  in  t h e  n a t u r a l  e n v i r o n m e n t  m a y  ope ra t e  
as  s t ress  f ac to r s  in  c o m b i n a t i o n  w i t h  r a d i a t i o n  ~e,n. I n  
add i t ion ,  e x p e r i m e n t a t i o n  w i t h  A. thaliana ove r  a r a n g e  
of  t e m p e r a t u r e s  ha s  s h o w n  t h a t  t e m p e r a t u r e  t o l e r ance  
of a n u m b e r  of races  is l i m i t e d  because  of genes  whose  
p r o d u c t s  b e c o m e  i n a c t i v e  a t  h i g h  t e m p e r a t u r e s  li, 13. 

Zusammenfassung. N a c h  f r i iher  a k u t e r  B e r i i h r u n g  m i t  
7 - B e s t r a h l u n g  k a n n  i m  a l l gem e i nen  der  E r h o l u n g s p r o z e s s  
be i  Arabidopsis thaliana (L.) H e y n h .  S a m e n  d u r c h  r e l a t i v  
k le ine  u n d  kurze  U m g e b u n g s v e r i ~ n d e r u n g e n  (4 °C wi th rend  
4 Tagen)  s t a r k  modi f i z i e r t  werden .  Diese w e r d e n  n a c h  ver-  

m e i n t l i c h e r  D e a k t i v i e r u n g  r a d i o c h e m i s c h e r  P r o d u k t e  an-  
g e w e n d e t  u n d  bee in f lussen  u i c h t  n u r  die b e h a n d e l t e ,  
s o n d e r n  a u c h  die fo lgende  Gene ra t i on .  
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~ b e r  die B i ldung  rudiment~irer Zilien bei  Me lanozyten  

N a c h  de r  zur  Zei t  v o r h e r r s c h e n d e n  L e h r m e i n u n g  s t a m -  
m e n  al le  P i g m e n t z e l l e n  v o n d e r  Neura l l e i s t e  at) u n d  d a m i t  
a u c h  die m e l a n i n b i l d e n d e n  M e l a n o p h o r e n  bzw. d ie  Me- 
l a n o z y t e n  1. Wie  U n t e r s u c h u n g e n  a n  E m b r y o n e n  u n d  
F e t e n  des M e n s c h e n  gezeigt  h a b e n ,  lassen s ich  be re i t s  
y o n  de r  10. W o c h e  a n  i m  s u b k u t a n e n  B i n d e g e w e b e  
(Subku t i s )  h i s t o c h e m i s c h  M e l a n o b l a s t e n  a ls  V o r s t u f e n  
de r  M e l a n o z y t e n  nachweisen ,  u n d  a m  E n d e  des  4. M o n a t s  
s ind  schon  al le  Bere iche  de r  E p i d e r m i s  m i t  M e l a n o z y t e n  
besiedel t .  H i e r  l iegen sic a n  de r  Grenze  de r  E p i d e r m i s  
z u m  C u r i u m  b i n  i n n e r h a l b  de r  Basa lze l l sch ich t ,  wo sie 
als  , D e n d r i t e n z e l l e n ,  m i t  l a n g e n  Z y t o p l a s m a f o r t s ~ t z e n  
in die obe ren  E p i d e r m i s s c h i c h t e n  re ichen.  His to logisch  
e r sche inen  sie n a c h  H E - F A r b u n g  als s o g e n a n n t e  , K l a r -  
zellen}> bzw.  ,ce l lu les  claires}> 2 m i t  wenig  t i n g i e r t e m  
Z y t o p l a s m a .  

G u t a r t i g e  W u c h e r u n g e n  de r  M e l a n o z y t e n  f i ih ren  zur  
B i l d u n g  v o n  Ze l lnes te rn  oder  Zel ls t r / ingen,  die d a n n  je  
n a c h  ih r e r  Lage  als  J u n k t i o n s n a e v u s ,  C o m p o u n d - N a e v u s ,  
cor ia le r  N a e v u s  usw. b e z e i c h n e t  werden  s. Ge legen t l i ch  
k 6 n n e n  die M e l a n o z y t e n  bzw.  die N a e v u s z e l l n a e v i  en t -  
a r t en ,  so dass  es d a n n  zur  B i l d u n g  y o n  m a l i g n e n  Melano-  
m e n  k o m m t .  

V o n  m a n c h e n  A u t o r e n  w e r d e n  die Naevusze l l en  n i c h t  
y o n  M e l a n o z y t e n  bzw.  y o n  M e l a n o b l a s t e n  abge le i te t ,  
s o n d e r n  y o n  d e n  ebenfa l l s  aus  de r  Neura l l e i s t e  s t a m m e n -  
d e n  N e u r o b l a s t e n  4. N a c h  e iner  we i t e r en  H y p o t h e s e  soll 
das  M u t t e r g e w e b e  de r  N a e v i  weder  ep i the l i a l e r  noch  
SCHWANNsCher (R~MAKscher) H e r k u n f t  sein,  s o n d e r n  
v o n  e i n e m  b e s o n d e r e n  (mesode rma len )  Hfi l lgewebe de r  
p e r i p h e r e n  Nerven ,  den  p e r i e n d o n e u r a l e n  H i iu t chen -  
zellen, a b s t a m m e n .  Schl iessl ich is t  au f  G r u n d  yon  e m b r y o -  
logischen  5-7, h i s t o c h e m i s c h e n  u n d  e l e k t r o n e n m i k r o s k o -  
p i s c h e n  U n t e r s u c h u n g e n  e ine  g e m e i n s a m e  H e r k u n f t  y o n  
M e l a n o z y t e n  u n d  Mas tze l l en  v e r m u t e t  w o r d e n  8. 

I n  l e t z t e r  Zei t  is t  die U l t r a s t r u k t u r  de r  M e l a n o z y t e n  
bzw.  de r  m a l i g n e n  Melanomze l l en  e iugehend  u n t e r s u c h t  

worden.  V o n  den  f ibr igen  Zel len de r  E p i d e r m i s  un te r -  
sche iden  sie s ich  in  e r s t e r  L in ie  d u r c h  da s  F e h l e n  yon  
D e s m o s o m e n  u n d  T o n o f i l a m e n t e n .  Wie  in  den  me i s t en  
a n d e r e n  Somaze l len ,  so f i nden  s ich bei  den  Me lanozy t en  
Zent r io len ,  u n d  zwar  gew6hn l i ch  in F o r m  eines Diplo-  
sums  (F igur  1). Diese  Z e l l s t r u k t u r e n  s ind e lek t ronen-  
op t i s ch  e r s t m a l s  y o n  BERNHARD u n d  HARVEN e sowie 
yon  HARVEN u n d  BERNHARD 10 da rges t e l l t  worden.  Sic 
b i lden  e in  R S h r c h e n s y s t e m  m i t  e iner  L~nge  yon  e twa  
0,3-0,5 tzm u n d  e i n e m  D u r c h m e s s e r  yon  e twa  0,15 ~m.  
Die  e inze lnen  R S h r c h e n  b e s t e h e n  aus  2 ode r  3 U n t e r -  
e i n h e i t e n  ( S u b f i l a m e n t e n ) .  Bei  z i l i en t r agenden  Zellen is t  
dieses Zel lorganel l  fiir die B i l d u n g  de r  Zil ien v e r a n t w o r t -  
l ich, z .B.  b e i m  T r a c h e a l e p i t h e l  n,x~. Gew6hn l i ch  erfolgt  
dies n u r  bei  ep i the l i a l en  Zellen. 

Be i  U n t e r s u c h u n g e n  a n  b e n i g n e n  u n d  m a l i g n e n  Pig-  
m e n t g e s c h w t i l s t e n  des  Menschen  k o n n t e n  wi t  be i  e in-  
ze lnen  Zel len yon  zwei Naevusze l lnaev i  die B i l d u n g  y o n  
r u d i m e n t i t r e n  Zil ien b e o b a c h t e n  (Figur  2). Dabe i  e r re i chen  
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