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Our  m a i n  research  conce rn ing  t he  d e v e l o p m e n t  of t h e  
c e n t r a l  n e r v o u s  s y s t e m  is pe r fo rmed  on t he  ce rebra l  
h e m i s p h e r e s  f rom ch ick  embryos .  For  t h i s  pu rpose  
7-day-old  e m b r y o s  h a v e  so fa r  been  used 8, b u t  some t imes  
i t  m a y  be  of i n t e r e s t  to  v a r y  t he  ag e of t he  e m b r y o  a t  t h e  
s t a r t  of t he  cu l tu re  to  s t u d y  ce r t a in  aspec ts  of d i f fe rent ia -  
t ion.  I t  h a s  been  f o u n d  t h a t  w h e n  us ing  7-day-old  
embryos ,  o p t i m u m  cu l tu re  d e v e l o p m e n t  is o b t a i n e d  b y  
us ing  1 h e m i s p h e r e  pe r  8 ml  m e d i u m  w i t h  col lagen as 
subs t ra t e ,  a n d  1 h e m i s p h e r e  pe r  4 m l  w h e n  c u l t i v a t i n g  
d i rec t ly  on  a p la s t i c  surface  (S~NsENBRENNER, pe r sona l  
c o m m u n i c a t i o n ) .  F r o m  our  r e su l t s ,  these  are  e q u i v a l e n t  
to  3.5 a n d  7 mi l l ion  cel ls /ml  m e d i u m  respect ively .  To 
o b t a i n  t h e  same  d e n s i t y  for  all  e m b r y o n i c  ages w h e n  
c u l t i v a t i n g  on  collagen, t he  a m o u n t  of m e d i u m  to be  
used was ca lcu la ted  for  each  case, a n d  t he  resul t s  are  
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shown  g raph ica l ly  in  F igure  2. These  d a t a  can  be  used as a 
guidel ine  w h e n  se t t i ng  up  cu l tu res  f rom e m b r y o s  of 
d i f fe ren t  ages. W h e n  c u l t i v a t i n g  on  p las t ic  alone,  t h e  
a b o v e  q u a n t i t i e s  of m e d i u m  should  be  halved*.  

Rdsumd. Le h o m b r e  t o t a l  de cellules o b t e n u e s  apr@s 
d issoc ia t ion  du  ce rveau  d ' e m b r y o n s  de P o u l e t  de d ivers  
ages a @t~ d6 te rmin6  au  <~ Coul ter  Co u n t e r  ~. La  q u a n t i t 6  de 
mi l ieu  n u t r i t i f  n6cessaire  p o u r  avo i r  u n  n o m b r e  c o n s t a n t  
de cellules dans  la  suspens ion  a @t@ calcul@e p o u r  c h a q u e  
age e m b r y o n n a i r e ,  af in  de p o u v o i r  r6aliser des  cul tures  
comparab les .  
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Suspension Culture of Nigella sativa 

Cell suspens ion  cu l tu re  is a n  excel lent  sys t em t o  s t u d y  
d i f fe ren t  cel lular  m e c h a n i s m s .  The  b e h a v i o u r  of t h e  
su spended  cells of Nigella sativa is r epo r t ed  here.  

Materials and methods. Cell suspens ions  of leaf cal lus 
t i ssue  of N. sativa (Fam.  R a n u n c u l a c e a e ;  2n = 12) were 

Fig. 1. Cell suspension of Nigella sativa with mostly elongated cells. 

g rown in 50 ml  MURASHIGE a n d  SKOOG'S (MS) m e d i u m  I 
s u p p l e m e n t e d  w i t h  N A A  (0.5 mg/1) a n d  coconu t  mi lk  
(15% v / v  f rom f resh  green  coconut )  in  p ro jec t ing  flasks 
(1 1) on r evo lv ing  s h a k e r  (4 r ev /min )  2 in  d a r k  a t  25 ~ =k 1 ~ 
T h e  m e d i u m  was ster i l ized a t  121 ~ for 20 ra in .  Cells 
were  c o u n t e d  in a c o u n t i n g  c h a m b e r  w i t h  d imens ions  of 
50 • 20 X 1 m m  a n d  a capac i t y  of 1 ml.  T h e  suspended  
cells in 10 r a n d o m  fields were c o u n t e d  a t  a magn i f i ca t ion  
of •  Suspensio,n cu l tu re  was in i t i a t ed  b y  t r ans -  
fer r ing  0.8-1 g 2-week-old cal lus t i ssue  to  t h e  50 ml  
l iqu id  med ium.  D u r i n g  subcul tu re ,  5 ml  of t h e  suspens ion  
f rom t h e  p r ev ious  passage  was  i nocu la t ed  to  a coun t  of 
800-900 cel ls /ml a t  t h e  onse t  of t h e  exper imen t s .  Cells 
were s u b c u l t u r e d  a t  30 d a y  in te rva l s .  Chromosomes  were 
s ta ined  w i t h  1% ace t o ca rmi n e  di rect ly .  Coconut  mi lk  
alone, or in  c o m b i n a t i o n s  w i t h  NAA/2 ,  4-D, was  t es ted  to  
see if t h e r e  was an y  increase  in  t h e  n u m b e r  of free cells. 

Results. A good n u m b e r  of free cells were ob t a ined  in 
Ms + N A A  (0.5 mg/1) + CM m e d i u m ,  whereas  2,4-D 
s u p p o r t e d  c lone f o r m a t i o n  (Table  I). I n  presence  of casein 
h y d r o l y s a t e  or coconu t  milk,  t h e r e  was cons iderable  
increase  in t o t a l  cell n u m b e r  (Table  I I ) .  A u n i q u e  suspen-  

1 T. MURASHIGE and F. SKOOG, Physiologia P1. 15, 473 (1962). 
F. C. STEWARD, M. O. MAPES and J. SMIT~, Am. J. Bot. d5, 693 
(1958). 

Fig. 2. A free cell of Nigella undergoing division by budding. Fig. 3. Cell suspension of Nigella with a majority of spherical cells. 
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Fig. 4. A small Nigella cell with a large nucleus and starch grains. 
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Fig. 5. The number of cells and the occurrence of mitosis in free ceils, 
small clumps and tissue pieces in suspension culture of Nigella saliva 
grown in MSNCHCO mediuin for 30 days. Mitotic count represents 
the percent of ceils in mitosis of 1000 cells for each sample. The cell 
number of each day is an average of 5 samples. 5 -  A, small chunps; 

i ,  tissue piece; O--O, free cells; Q--Q, growth curve. 

Fig. 6. Metaphase plate of Nigella cell with 9 chromosomes. 

s ion w i t h  90% free cells (Figure 1) was  o b t a i n e d  in 
WI~ITE'S m e d i u m  8 c o n t a i n i n g  casein  h y d r o l y s a t e  (100 
rag/l) inos i to l  (50 rag/l) a n d  aden ine  s u l p h a t e  (2 mg/1). 

I n  suspens ion  cu l tu re  cells were d iv ided  b y  cell p l a t e  
fo rmat ion ,  b u d d i n g  (Figure 2) or b y  i n t e r n a l  sep ta t ion .  
I n  MS an d  WHITE'S m e d i u m  genera l ly  spher ica l  cells 
(Figure  3) were o b t a i n e d  b u t  when  WmTE'S  m e d i u m  was 
s u p p l e m e n t e d  w i t h  CH (100 mg/1) q- inosi tol  (50 rag/l)  + 
aden ine  su lpha t e  (2 mg/1), 98% cells were e longa ted  
(Figure  1). Besides  t h e  p a r e n c h y m a  cells, smal l  cells 
(8-15 p.m) w i t h  dense  c y t o p l a s m  a n d  h e a v y  s t a r c h  gra in  
a p p e a r e d  (Figure 4). 

F r e q u e n c y  of cel l -divis ion r eached  a m a x i m u m  b e t w e e n  
10-15, 12-16 a n d  18-22 days  b y  t i ssue  piece, smal l  
c lumps  a n d  free cells r espec t ive ly  (Figure 5). P e r c e n t a g e  of 
d iv is ion  was m a x i m u m  (29%) in smal l  c lumps  (5-10 
celled). T h e  p lo idy  d i s t r i b u t i o n  p a t t e r n s  in  free cells a n d  
cell c lumps  of d i f fe ren t  sizes were s imi la r  (Table  I I I ) .  
P e r c e n t a g e  of aneup lo ids  (Figure 6) was  s ign i f i can t ly  more  
(p 0.01) in  free ceils. M i n i m u m  c h r o m o s o m e  n u m b e r  
obse rved  was 4 (Figure  7). The  smal l  s ta rch- f i l led  cells 
were m o s t l y  diploid.  

E m b r y o g e n e s i s  in  Nigella cell suspens ion  cu l tu re  was 
obse rved  on ly  in W + CH + In o  q- Ad  m e d i u m  a t  the  
end  of t h i r d  passage  a f t e r  s u b s e q u e n t  omiss ion  of N A A  
an d  coconu t  mi lk  f rom the  MSNCo m e d i u m  a n d  w i t h  
s u b s e q u e n t  add i t i on  of casein h y d r o l y s a t e  (Table  IV). 
8-12 e m b r y o i d s / m l  (Figure 8) of suspens ion  were ob ta ined .  
F u r t h e r  d e v e l o p m e n t  of the  e rnbryo ids  occur red  in t he  
aga r  m e d i u m  of t h e  same compos i t ion .  

Discussion.  Nigella t i ssues  were fas t  g rowing  and  
f r iable  in  na tu re .  A m o n g s t  t h e  d i f fe ren t  m e d i a  used, 
W q- CH + Inos i to l  -k Aden in  s u l p h a t e  was su i t ab le  for 
acce le ra t ing  cell s e p a r a t i o n  a n d  p r e v e n t i n g  c lump  to rma-  
t ion.  Presence  of casein h y d r o l y s a t e  in  t h e  m e d i u m  
usua l ly  f avou red  cell separa t ion .  R e q u i r e n m n t  of coconu t  
mi lk  in  suspens ion  cu l tu re  was r epo r t ed  b y  BAJAJ and  
DIONNE 4. B u t  we obse rved  w i t h  Nigel la t i ssue  t h a t  omis- 
sion of coconu t  mi lk  f avoured  cell s epa ra t ion ,  i n  suspen-  
sion cul ture ,  as t h e  cells were usua l ly  f lee f rom t h e  r e s t r a i n t  
of s u r r o u n d i n g  cells an d  even  f rom t h e  f o r m a t i v e  inf luence  
of t i ssue  mass ,  v a r i a t i o n s  in cell size a n d  shape  were ve ry  
common .  T h e  degree of v a r i a t i o n  an d  p r o p o r t i o n  of a 
p a r t i c u l a r  t y p e  of cell in  suspens ion  cu l tu re  has  been  
a t t r i b u t e d  to  species difference ~, 5, e. I n  Nigel la suspens ion  
cells were m o s t l y  spherical ,  b u t  w h e n  t h e  same cu l tu re  
was g rown in "vVmTE'S m e d i u m  c o n t a i n i n g  casein hydro l -  
ysa te ,  inosi tol  an d  adenine ,  m o s t  of t h e  cells were elonga- 
ted.  This  i nd ica t ed  t h a t  d i f fe ren t  n u t r i e n t s  in  t h e  m e d i u m  
m i g h t  h a v e  some inf luence  on  cell n a t u r e .  I n  suspens ion  
cu l tu re  where  108-116 /ml  smal l  cells (8-15 b~m) were 
present ,  embryogenes i s  was observed .  The  poss ible  role 
of t h e  smal l  ceils has  also been  cons idered  b y  STEWARn 
et  al. 7 a n d  REINERT et  al. s ; 3_5% d iv i s ion  in t h e  free cells 
c lear ly  i nd i ca t ed  t h a t  single cells in  cu l tu re  were capab le  
of unde rgo ing  mitosis ,  an d  t h e i r  p e r c e n t a g e  could be  
e n h a n c e d  b y  a d e q u a t e  s u p p l e m e n t s  of p rope r  nu t r i en t s .  
V a r i a t i o n  in c h r o m o s o m a l  c o m p l e m e n t  m a y  be  due  to 
lagging ch romosome,  u n eq u a l  s e p a r a t i o n  an d  br idges  etc. 
In  free cells, more  i r regular i t ies  were  obse rved  as t h e y  

Fig. 7. Metaphase plate of Nigella cell with 4 chromosomes. 

a p. R. WHITE, A Handbook o/ Plant Tissue Culture (Jaques Cattel 
Press, Lancaster, Pennsylvania 1943). 

4 y. p. S. BAJAJ and L. A. DION~E, Can. J. Bot. 45, 1927 (1967). 
'~ g. BERGMAN, J. gen. Physiol. 43, 841 (1960). 

V. VASlL and A. C. HILDEBRANDT, Planta 75, 139 (1967). 
7 F. C. STEWARD, M. O. MAPES, A. E. KENT and R. D. HOLSTEN, 

Science 143, 20 (1964). 
8 j .  RJs l). BACNs-HustgMANN and H. ZERBAN, Colloques 

internationaux C.N.R.S. No. 193, Strasbourg (1971), p. 261. 
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T a b l e  I. A v e r a g e  No. of free cells, cell agg rega t e s  a n d  to ta l  No.  of cells d u r i n g  21st  a n d  241h d a y  of  cu l tu re  per iod  

EXPERIElgTIA 31/7 

Media  Free  cel ls /ml • 10 * Cell a g g r e g a t e s / m l  x 102 T o t a l  No.  of 

2-celled 3-5  celled 5 -10  celled 10 -50  celled Above  50 celled cel ls]ml • 10 ~ 

MS + CM 10.60 1.50 2.10 2.52 1.44 0.48 117.50 
MS + CM + N A A  (5 mg]l) 13.72 2.00 2.40 2.80 1.20 0.31 112.60 
MS + CM + N A A  (0.5 mg/1) 18.80 4.20 3.00 2.91 1.22 0.38 127.30 
+ C H  (100 rag/l)  
MS + CM + 2,4-D (0.05 mg]l) 0.63 0.21 0.25 0.66 1.76 0.50 87.70 
W + C H  (100 mg/1) 
+ Ino  (50 rag/l)  79.30 5.32 1.80 0.09 96.60 
+ A d  (2 mg]l) 

MS, MURASHIGE a n d  SKOOG'S m e d i u m ;  W, WHITE'S m e d i u m ;  CM, 15% v / v  coconu t  mi lk ;  CH,  case in  h y d r o l y s a t e ;  Ino,  inosi tol ;  Ad,  Adenine  
su lpha te .  

Tab le  II .  T o t a l  cell c o u n t  of Nigella sativa in  d i f fe ren t  m e d i a  d u r i n g  3 0 - d a y  suspens ion  cu l t u r e  pe r iod  

Media  A p p r o x i m a t e  to t a l  No. of cel ls /ml • 10 ~ a f t e r  e ach  3 days  in t e rva l s  

0 3rd  6 th  9 th  12th  15th  18th  21st 24 th  271h 301h 

MS + CM 10.2 �9 12,0 18.8 34.2 64.5 100.1 108.2 117.5 117.6 118.0 118.3 
MS + CM + N A A  (0.5 mg/1) 10.0 11.7 15.1 31.4 59.9 86.3 101.5 112.4 112.6 113.1 113.6 
MS + CM + N A A  9.8 11.2 14.4 38.0 75.0 112.4 120.5 126.4 128.2 130.8 133.1 
+ C H  (100 mg/1) 
MS + CM + 10.3 11.0 13.2 25.9 57.6 83.5 85.3 86.2 89.2 89.2 89.3 
2 , 4 - D  (0.05 mg]l) 
W + C H  (100 mg/1) 
+ Ino  (50 mg/1) 9.5 11.0 14.3 28.7 61.1 87.4 93.1 95.5 97.8 98.2 98.4 
+ A d  (2 mg]l) 

F o r  a b b r e v i a t i o n s  see Tab le  I. 

T a b l e  I I I .  P e r c e n t a g e  of d i f ferent  p lo idy  cells in  free cells a n d  cell c l u m p s  

Mate r ia l  P lo idy  level  

n 2n 3n  4 n  5n 6n  7n 8 n - -  ab.  Aneup lo id  To ta l  

Free  cells 5.36 30.36 10.71 98.57 1.79 1.79 5.36 16.07 224 
5 -10  celled c l u m p s  8.70 60.69 6.52 15.22 - -  2.17 6.70 230 
10-50  celled c l u m p s  4.50 51.20 9.55 18.00 2.25 4.50 - -  4.50 5.25 250 
Tissue piece 9.50 53.20 7.25 11.73 3.53 8.15 5.00 411 

Smal l  s t a r c h  fi l led cells (8-15 ~zm) 4.67 93.33 - -  2.00 - -  - -  - -  75 

Tab le  IV.  S c h e m a t i c  r e p r e s e n t a t i o n  of s equen t i a l  t r e a t m e n t  a n d  i ts  t ime  in  Nigeha cell suspens ion  cu l tu re  

T r e a t m e n t  T ime  in  passages  No. of smal l  cell (8-15 ~zmiml/ No. of g lobu la r  e m b r y o / m l  

M S N C O  2 10-30  Nil 
+ 
MSCO 2 4 0 - 6 0  Nit 
+ 
IV[SCHCO 2 80-101  16 c o m p a c t  celled s tage  
+ 
M S C H  1 108-116  16 c o m p a c t  celled s tage  
+ 
W C H I n o A d  3 108-116  4 - 6  

MSNCO,  MURASHIGE a n d  SKOOG'S m e d i u m  + 0.5 mg/1 N A A  -- 15% v /v  coconu t  mi lk ;  MSCO, MS --  15% v /v  coconu t  mi lk :  M S C H C 0 .  
MS + Casein  h y d r o l y s a t e  (100 rag/l} + 15% v l v  c o c o n u t  mi lk ;  M S C H ,  MS case in  h y d r o l y s a t e ;  W C H I n o A d ,  WHIT~'s  m e d i u m  - -  casein  
h y d r o l y s a t e  (100 rag/l)  + inosi to l  (50 mg/1) + Aden ine  s u l p h a t e  (2 rag/l).  Pas sage  30 d a y s  g r o w t h  per iod.  
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Fig. 8. Globular embryo in the suspended cells. 

9 F. SKOOG a n d  C. O. MILLER, S y m p .  Soc. exp t .  Biol.  11,118 (1957). 
10 S. GUPTA, M. BASU a n d  V. N. GADGIL, Proe.  of the  S y m p o s i u m  on  

con t ro l  n leehan i sms  in cel lular  processes.  B h a b a  A t o m i c  Resea rch  
Centre ,  B o m b a y ,  Feb.  1-3  (1973), p. 473. 

11 F. C. STEWARD, M. O. MAPES a n d  P. V. AMMIRATO, Plant Physio- 
logy a Treatise (Ed. F.  C. STEWARD; A c a d e m i c  Press ,  New Y o r k  
1969), p.  329. 

were in di rect  con tac t  w i th  t he  e n v i r o n m e n t  and  free f rom 
physiological  r e s t r a in t  of others .  L imi t ing  factors  con- 
t rol l ing d i f fe ren t ia t ion  in callus t issue were assumed to  be 
due to  aux in /k in in  ratiog, 10 or sequent ia l  omission of 
auxin  and  k ine t in  f rom the  basic med ium n. In  the  
suspension cul ture  of Nigella, embryogenes i s  was ob ta ined  
by  omission of auxin  and  k ine t in  f rom the  Ms + NAA + 
CM med i u m and  sequent ia l ly  growing the  cells in d i f fe rent  
med ia  as descr ibed.  

Summary. In  suspens ion  cul ture  91% free cells of 
Nigella sativa was ob ta ined  in WHITE'S m e d i u m  supple-  
men t ed  wi th  casein hydro lysa te ,  inosi tol  and adenine.  
P lo idy  d i s t r ibu t ion  p a t t e r n  was similar  in cell c lumps  of 
d i f ferent  sizes and  free cells. Chromosomal  i rregulari t ies  
were more  in free cells. A n u m b e r  of globular  emb ryo id  
were formed when  casein hydro lysa te ,  inosi tol  and  
adenine  were added  in the  med i u m af ter  subsequen t  
omission of auxin  and  coconut  milk. 

S. BANERJEE and  S. GUPTA 

Tissue Culture Laboratory, Department o/Botany, 
Bose Institute, 93/7 A charya Prafulla Chandra Road, 
Calcutta 700009 (India), 2r September 797& 

Mitoseakt iv i t i i t  und Z e l l z y k l u s  unter  B e g a s u n g  m i t  s u b l e t a l e n  S O ~ - K o n z e n t r a t i o n e n  bei  der 
W a s s e r l i n s e  (Lemna minor L.) 

Effects  of L o w  SO 2 C o n c e n t r a t i o n s  o n  the  Mi to t i c  Act iv i ty  and on the  Cell  Cycle  of  
D u c k w e e d  (Lemna minor L.) 

Niedere SO2-Konzent ra t ionen  in der Luf t  ve rm6gen  in 
Pf lanzen  nachweisbare  s toffwechselphysiologische Um-  
s t immungen  he rvorzuru fenL Wirkungen  auf die Meri- 
s temt~t igke i t  und  auf den d a m i t  v e r b u n d e n e n  Metabolis-  
mus  sind sel ten un te r such t  worden,  obschon diese 
Bereiche yon zentra ler  Bedeu tung  ftir das [Yberleben einer 
P f l anzena r t  in immiss ionsgef / ihrdeten Gebie ten  sind. Die 
wenigen b e k a n n t e n  Befunde  bekr/if t igen diese Fests te l -  
lung. In  den ve rgangenen  Jah ren  wurde  bc r i ch te t  von 
einer mu tagenen  Wirkung  yon Na-bisulf i t  2, von einer 
St6rung der  DNS-Rep l ika t ion  a, von einer Blockierung 
der  P h e n y l a l a n i n - t R N S  4, von einer E r h 6 h u n g  der  Chro- 
m a t i d e n b r u c h r a t e  5, von einer  L imi t ie rung  des Thymi-  
d ine inbaus  und Reduk t ion  der  Mitosekerne 6 u n d  yon  
einer H e m n l u n g  einer Nukleos idphosphot rans fe rase  ~. 

Die Wasser l inse  (Lemna minor L.) ha t  sich in ver- 
schiedener  Hins ich t  als geeignete Ind ika to rp f l anze  fiir 
die Auswirkungen  niedriger  SO2-Immissionen erwie- 
sen 7,8. Sic wurde  daher,  obschon ihre Morphologie noch  
viele R/~tsel aufgibt  und  sie zytologisch schwer  zu be- 
a rbe i ten  ist, herangezogen um die Mitoseaktivit~tt  und  den 
Zellzyklus un te r  Begasung mi t  subleta len SO~-Konzen- 
t r a t ionen  zu iiberpriifen. 

Die Anzuch t  und  die Begasung der Versuchspf lanze  ist 
ande rnor t s  beschrieben~,9. Die zytologischen Unte r -  
suchungen wurden  an 5 ~m Di innschn i t t en  und  an 
Quetschpr / ipa ra ten  durchgefi ihr t .  Als geeignete Farb-  
stoffe haben  sich Chrysoidin,  H~matoxy l in  ~Delafield~> 
und basisches Fuchs in  erwiesen ~0. Die s ta rk  gefXrbten 
Par t i en  setzen sich aus verschiedenen  Mer is temen zu- 
sammen.  Sie umfassen  die basalen Pole der  jungen  Glie- 
der, die Se i tenknospen  in den  la tera len Taschen  und  die 
rtickw~trts gelegenen Advent ivwurze ln .  Beim Lemnen-  
glied hande l t  es sich um das ehemalige Apika lmer is tem,  
das infolge fri ihzeit iger Abf lachung zu einem Phyllo- 

kladium umgewande l t  w i rd ~ .  Die Pr / ipara t ion  der  
Mikroau to rad iograph ien  erfolgte nach  dem Str ipping-  
f i lmverfahren ae. Fiir die 1 h Puls f t i t t e rung  wurde  3H- 
markier tes  T h y m i d i n  ve rwende t  (1 [xCi/ml N/~hrl6sung, 
spez. Aktivit~tt 6,7 Ci/mM). 

VerRnderungen des Kerndurchmesse r s  und des Kern-  
vo lumens  k6nnen  bei gleichem Ploidiegrad als generelles 
Indiz  geste iger ter  oder  reduzier te r  K e rn fu n k t i o n en  be- 
t r a c h t e t  werden  ~3. Die B e s t i m m u n g  des Ke rndu rch -  
messers in versch iedenen  Mer i s tembere ichen  begas te r  und 
unbegas te r  Wasser l insen  ergibt ,  dass die u n t e rg e t au ch t e  
Adven t ivwurze l  im Gegensatz  zum (~Apikalmeristem~ 
kaum auf die Immiss ion  anspr i ch t  (Tabelle I). 
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