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b e r t i h r e n .  In fo lgedessen  e r s c h e i n e n  die L a m e t l e n  in den  
G r a n a  e t w a  d o p p e t t  so d ick  wie die L a m e l l e n  in  d e n  Be- 
r e i chen  zwischen  d e n  G r a n a  (Fig. lc ) .  C h l o r o p l a s t e n ,  
d e r e n  L a m e l l e n s y s t e m  noch  n i c h t  r o l l  e n t w i c k e l t  ist ,  
ze igen j e d o c h  e indeu t ig ,  dass  die d i c k e n  L a m e l l e n  aus  je 
zwei e inze lnen  L a m e l l e n  b e s t e h e n  (Fig. 2). Dor t ,  wo s ich 
nAml ich  zwei D o p p e l l a m e l l e n  oder  L a m e l l e n p a k e t e  ve r -  
e in igen ,  k a n n  m a n  das  E n t s t e h e n  de r  d i c k e n  L a m e l l e n  
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Fig. 1. Lamel lenpake te  aus Chloroplas ten in sehemat i seher  Dars te l lung  
a) Seh ieh t  aus  zwe[ Doppel lamel len.  b) Schicht  aus vier  Doppel-  

tamellen,  c) Sehicht  aus  e inem g ranaha l t i gen  Chloroplasten.  
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Fig. g. In  En twicMuug  begriffenes Lamel l ensys tem in Chloroplas ten  
yon Elodea canadensis. Chloroplas ten aus dem oberen Tell eines 5 m m  
langen  Blfi t tchens.  An den durch  Pfeile gekennzeichneten  Stet len 
vereinigen sich zwei einzelne Lamet len  zu einer  d icken  Lamelle .  

M P la s t i denmembran .  Ka l iumpermangana t f ix i e rung .  

d i r e k t  b e o b a c h t e n .  A u c h  n a c h  d e r  Z u s a m m e n l a g e r u n g  
1/tsst s ich in d e n  d i c k e n  L a m e t l e n  e ine  hel le  T r e n n l i n i e  
w e n i g s t e n s  a n d e u t u n g s w e i s e  e r k e n n e n .  

O b  die P a c k u n g  de r  D o p p e l l a m e l l e n  in  d e n  Chloro-  
p l a s t e n  l e b e n d e r  Zel len ebenfa l l s  e ine so d i c h t e  is t  wie in  
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  Pr~ tpara ten ,  w e r d e n  e r s t  
U n t e r s u c h u n g e n  t iber  die V e r t e i l u n g  des  W a s s e r s  in  d en  
L a m e l l e n p a k e t e n  zeigen.  
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Summary  

T h e  l a m e l l a r  s y s t e m  of c h l o r o p l a s t s  cons i s t s  of close 
d o u b l e  lamel lae .  I n  e l e c t r o n p h o t o m i c r o g r a p h s ,  t h e  wal ls  
of t w o  a d j a c e n t  d o u b l e  l ame l l ae  c a n  be  seen  as one  t h i c k  
i amel la .  B e c a u s e  of  th is ,  t h e  l ame l l ae  in  t h e  i n n e r  por -  
t i o n  of a t a m e t l a r  p a c k e t  a p p e a r  a b o u t  twice  as  t h i c k  as  
t h o s e  a t  t h e  b o u n d a r y  of t h e  p a c k e t  and ,  in  c h l o r o p l a s t s  
t h a t  c o n t a i n  g r a n a ,  t h e  g r a n a l a m e l l a e  a p p e a r  twice  as  
t h i c k  as t h e  s t r o m a l a m e l l a e .  

T h e  U p t a k e  of C o u m a r i n  
by  H e l i a n t h u s  H y p o c o t y l  S e g m e n t s  

I n  a p rev ious  paper ,  a n  aux in- l ike  ac t ion  was  a sc r ibed  
to c o u m a r i n  1. F r o m  i n t e r a c t i o n  s tud ies  of c o u m a r i n  w i t h  
indo leace t i c  acld (IAA),  i t  h a s  been  conc luded  t h a t  t h e  
m o d e  of ac t ion  of c o u m a r i n  differs  f rom t h a t  of I A A  in 
p r o m o t i n g  ex t ens ion  g r o w t h  in t h e  p l a n t  t i ssues  ~. T h e  
u p t a k e  s tud ies  w h i c h  will be  r epo r t ed  here  seem tO s u p p o r t  
t h i s  view.  

H y p o c o t y l  s e g m e n t s  of HeIianthus annuus were pre-  
p a r e d  a n d  used as p rev ious ly  desc r ibed  2. C o u m a r i n  was  
d e t e r m i n e d  e i the r  s p e c t r o p h o t o m e t r i c a l l y  a t  277 mp,  or  
co lor imet r ica l ly  us ing  t h e  d i azo t i s a t i on  r eac t ion  a,*. T h e  
las t  m e t h o d  c a n  be  used specif ical ly  for  lac tones .  Gener -  
a l ly  t h e  c o n c e n t r a t i o n  of c o u m a r i n  used was  1.3 × 10 -a M, 
which  was found  p rev ious ly  to be  o p t i m a l  for  t h e  s t imu la -  
t i on  of g r o w t h  of sunf lower  segments .  C o u m a r i n  u p t a k e  
b y  t h e  sunf lower  segmen t s ,  as  m e a s u r e d  b y  fo l lowing t h e  
changes  in c o u m a r i n  c o n c e n t r a t i o n  of t h e  e x t e r n a l  solu- 
t ion ,  gives t h e  fol lowing resu l t s :  

T h e  r a t e  of u p t a k e  decl ines  s t rong ly  w i t h  t i m e  a n d  s tops  
en t i r e ly  a f t e r  a b o u t  10 h. A t  th i s  t ime,  t h e  i n t e r n a l  con-  
c e n t r a t i o n  equa l s  t h e  e x t e r n a l  one. 

T h e  Q10 of t h e  u p t a k e  of c o u m a r i n  b e t w e e n  3°-26°C is 
less t h a n  1.2, b o t h  for t h e  f i r s t  3 h a n d  for t h e  per iod  of 
3rd--12 TM h. 

T h e  r a t e  of u p t a k e  of c o u m a r i n  b y  t h e  segments ,  u n d e r  
n i t rogen ,  is t h e  s a m e  as u n d e r  air ,  a l t h o u g h  the re  is a c lear  
r e d u c t i o n  in t h e  r a t e  of t h e i r  g rowth .  

N a C N  a t  5 x 10 -3 M ,  a c o n c e n t r a t i o n  w h i c h  s tops  
g r o w t h  ent i re ly ,  does  n o t  reduce  t h e  r a t e  of u p t a k e  of 
coumar in .  
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Uptake of coumarin by hypocotyl segments under various conditions 
in two time-intervals. Uptake expressed in y per mg of final fresh 
weight of tissue. The initial concentration of eoumarin used 200~'/ml. 

No. of Time interval in h 
experi- 
ment 0-3 [ 3-12 I 12-24 

8O 0 Control 
NaCN 5 × 10 -3 M 
Under nitrogen atmosphere 
Least  sig. diff. p = 0.05 

3°-16°C 
Q10 16°-26 ° C 

125,5 
126.5 
128.0 

8.0 
1.1 
1"01 

1 . 0  - - -  

0.9 

These  resu l t s  are s u m m a r i s e d  in t h e  Table .  
Also t he  u p t a k e  of c o u m a r i n  is p r o p o r t i o n a l  to  t he  ex-  

t e r n a l  c o n c e n t r a t i o n  ove r  a wide r a n g e  (6.8 × 10 -5 M -  
6.8 x 10 -~ AI). 

T h e  r a t e  of d i s a p p e a r a n c e  of t h e  c o u m a r i n  f rom the  
e x t e r n a l  so lu t ion  m a y  of course  also be  t he  r e su l t  of m e t a -  
bo l i sm of t he  s u b s t a n c e  inside t he  t issue.  The  c o u m a r i n  
c o n t e n t  of t h e  s e g m e n t s  wh ich  h a d  been  in c o n t a c t  w i t h  
a c o u m a r i n  so lu t ion  was the re fo re  e x a m i n e d .  I t  was  found  
t h a t  8 5 - 9 0 %  of t he  c o u m a r i n  t a k e n  u p  could  be  recovered .  
T h u s  i t  seems t h a t ,  w i t h i n  t h e  e x p e r i m e n t a l  error ,  t h e r e  
is n o  m e t a b o l i s m  of c o u m a r i n  inside t h e  t issue,  a l t h o u g h  
t h i s  poss ib i l i ty  c a n n o t  be  en t i r e ly  exc luded.  On  t h e  o t h e r  
h a n d ,  t h e  conc lus ion  t h a t  t he  c o u m a r i n  t a k e n  up  is no t  
metabo l i sed ,  is s t r ong ly  s u p p o r t e d  b y  t he  fac t  t h a t  t h e  
d i s a p p e a r a n c e  of c o u m a r i n  f rom the  e x t e r n a l  so lu t ion  is 
s t o p p e d  a f t e r  12 h a n d  t h a t  t h e  Q~0 for th i s  process  is 
a b o u t  1.1, n o t  on ly  for t he  f i rs t  3 h in  wh ich  di f fus ion 
p r e s u m a b l y  p r e d o m i n a t e s  b u t  also d u r i n g  the  second  
per iod  of t he  3rd--12 t~ h.  

W h e n  t he  t issue,  a f t e r  g rowing  for  some h o u r s  in  t h e  
c o u m a r i n  so lu t ion ,  was  t r a n s f e r r e d  to  dis t i l led  w a t e r  p rac-  
t i ca l ly  all  t h e  c o u m a r i n  di f fused o u t  a n d  t he  g r o w t h  of 
t h e  s e g m e n t s  was  cons ide r ab ly  reduced .  Th i s  i nd ica t e s  
t h a t  t he  c o u m a r i n  inside t he  cell is e i t he r  freely diffusible  
or  is b o u n d  in a v e r y  labi le  complex .  The  fac t  t h a t  a t  
e q u i l i b r a t i o n  t h e  ins ide  c o n c e n t r a t i o n  of t he  c o u m a r i n  
equa l s  t he  c o n c e n t r a t i o n  of t h e  e x t e r n a l  so lu t ion ,  a n d  t h a t  
all  t h e  c o u m a r i n  m a y  leak o u t  f rom t h e  t issue,  i nd i ca t e s  
t h a t  t h e  whole  cell is in  equ i l i b r ium w i t h  t he  e x t e r n a l  
solute .  

F r o m  t h e  resu l t s  p r e s e n t e d  above ,  i t  is conc luded  t h a t  
d i f fus ion a lone  can  a c c o u n t  for all  t h e  u p t a k e  of c o u m a r i n  
b y  t he  p l a n t  cells. T h u s  t he  m o d e  of e n t r a n c e  of c o u m a r i n  
i n to  g rowing  p l a n t  s egmen t s ,  a n d  i ts  f a t e  in  t h e  cell, d i f fers  
in  m a n y  i m p o r t a n t  a spec t s  f rom t h a t  of indote  ace t ic  ac id  5 
a n d  of 2.4 d i c h l o r o p h e n o x y  ace t ic  ac id  6. 

The  e x p e r i m e n t s  will be  f u r t h e r  descr ibed  a n d  more  
ful ly d iscussed  elsewhere.  
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Zusammen[assung 

C u m a r i n  h a t  b e k a n n t l i c h  .einen w a c h s t u m s f 6 r d e r n d e n  
Einf luss .  I m  fo lgenden  w u r d e n  A r t  u n d  Weise  se iner  Auf-  
n a h m e  bei  H e l i a n t h u s - H y p o k o t y l - S e g m e n t e n  u n t e r -  
such t .  Es  zeigte sich, dass  p r a k t i s c h  das  ge samte  v o n  den  
S e g m e n t e n  a u f g e n o m m e n e  C u m a r i n  in des t i l l ie r tes  W a s -  
se r  d i f fund i e r en  k a n n .  

Aus  d iesem E r g e b n i s  u n d  d e m  Ein f luss  y o n  T e m p e r a t u r ,  
Anae rob io se  u n d  Cyan ide  au f  die Gr6sse  de r  A u f n a h m e  
wird  geschlossen,  dass  C u m a r i n  n u r  d u r c h  Diffus ion in die 
Gewebe  e indr ing t .  

R e g e n e r a t t y p e n  d e r  F l / i g e l i m a g i n a l s c h e i b e  
b e i  Antheraea pernyi G u 6 r .  

u n d  a n d e r e n  G r o l ~ s c h m e t t e r l i n g e n  

Wie YON UBISCH se inerze i t  s chon  a n  Lymantria dispar 
aufze ig te  1 weichen  R e g e n e r a t e  der  F l t ige l imag ina l sche ibe  
m e h r  oder  weniger  v o n d e r  N o r m a l e n t w i c k l u n g  ab. I m  
2.-5.  R a u p e n s t a d i u m  yon  Antheraea pernyi (Anth. p.) 
w u r d e n  n u n  zah l re iche  F l i ige l imag ina l sche iben  in den  e inen  
F~l len  mi t ,  in a n d e r e n  o h n e  e inen  Tell  de r  u m g e b e n d e n  
H y p o d e r m i s  exs t i rp i e r t .  Bei  den  d a r a u f f o l g e n d e n  Regene-  
r a t i o n s p ro zes s en  e n t w i c k e l t e n  sich 75% der  R e g e n e r a t e  
(n = 125) bis  zu m 5. R a u p e n s t a d i u m  in a t y p i s c h e r  Weise  
(Abb.  1, B - D ) ;  die i ibr igen  25% der  R e g e n e r a t e  wieder-  
h o l t e n  ann~ihernd  die N o r m a l e n t w i c k l u n g  de r  Fliigel- 
i mag i n a l s ch e i b e  (Abb.  1, A). D e m e n t s p r e c h e n d  s t f i lp t  
s ich zu B e g i n n  des N e u b i l d u n g s v o r g a n g e s  in Gruppe A 
ein  Hauts~ tckchen  f iber  bzw. u n t e r  d e r  W u n d s t e l l e  n a c h  
i n n e n  in die Le ibeshShle  e in  ; dieses w~tchst s o d a n n  v e n t r a d  
(se l tener  dorsad)  aus,  wobei  seine be iden  W~tnde eng  an-  
e inande r l i egen  (Abb.  1/al) ; schl iessl ich v e r d i c k t  s ich die 
innere  W a n d  u n d  s t i i lp t  s ich an  i h r e m  u n t e r e n  E n d e  
y o n  v e n t r a l  n a c h  dorsa l  u m  (aJaa) .  D a r a u f  w/ tchst  diese 
u mg es t t i l p t e  Zel l region v e n t r a d  z u m  pr~ i sumpt iven  Fli igel-  
b l a t t  aus  (Abb.  2a,  pr.  Fib) .  N a c h  dorsa l  a u s w a c h s e n d e  
Fl t igels / ickchen s t a g n i e r t e n  jedoch.  R e g e n e r a t e  d e r  Grup- 
pe A f a n d e n  s ich bei  R a u p e n  v o n  Anth. p., Saturnia pyri 
(Sat. p.) u n d  Smerinthus ocellata (Sm. o.). 

Bei d en  R e g e n e r a t e n  de r  Gruppe B h ingegen  (30% der  
t .  v o n  Anth. p.) e n t s t e h t  die e r s te  An lageb i ldung ,  / ihn- 
l ich wie bei Dip teren=,  in e iner  H y p o d e r m i s s e n k e  n~ther 
an  de r  K 6 r p e r o b e r f l g c h e  (Abb.  1, B /b l ) .  I h r  Zel lboden,  
d e r  s ich v e r d i c k t  u n d  aufw61bt  (Abb.  1/ba, i i b e r n i m m t  
s o d a n n  mi t t e l s  e iner  u m g e s t t i l p t e n  Zel l region a n  se inem 
u n t e r e n  E n d e  wieder  die p r g s u m p t i v e  F l t i g e l b l a t t b i l d u n g  
(ba). R e g e n e r a t e  de r  G r u p p e  B e n t s t a n d e n  ausse r  bei  
R a u p e n  y o n  Sat. p. u n d  Sphinx ligustri (Sph. l.). 

Bei den  R e g e n e r a t e n  de r  Gruppe C (30% der  R.  v o n  
Anth. p.) r i ick t  schl iessl ich die A n l a g e b i l d u n g  d i r e k t  zu r  
H y p o d e r m i s  vor.  Diese wi rd  hier ,  d a  die B i l d u n g  e iner  
H a u t e i n s t i i l p u n g  entfRl l t  (cl), e r s t  nach t rRgl ich  im Zuge 
d e r  p r~ i sumpt iven  F l t i g e l b l a t t b i l d u n g  u n t e r  die H a u t  zu- 
r i ickgezogen (% u n d  ca). Diese r  p r i m i t i v e r e  B i ldungs -  
m o d u s  de r  F l i ige l imag ina l sche ibe  e n t s p r i c h t  ih re r  N o r m a l -  
e n t w i c k l u n g  bei  N e u r o p t e r e n  2 sowie a u c h  m a n e h e n  Ko-  

Abb. 1. Regenerationsgruppen der Flfigelimaginalscheibe 
(sehematiseh) 

I L.v. UBXSCli, ROUX' Arch. Entwickl.-Mech. Organ 31,637 (1911). 
2 It. WEBER, Grundriss der Insektenkunde (1954), p. 1.l.I. 


