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G r r b i n a t i o n s  o f  s t e r i l i z i n g  t r e a t w n t s  d e s c r i b e d  as e f f e c t i v e  
i n  r e c o v e r i n g  a x e n i c  c u l t u r e s  =re u n s ~ c e s s f u l  i n  the m i e s  
t e c t e d .  Direct p h o t o a u t o t r o p h i c  ce l l  g r c w t h  and  r e g e n e r a t i o n  w r e  
achieved i n  s i r r p l e  i n o r g a n i c  e n r i c h e d  s e a w a t e r  k v o i d  of h o m n e s .  
F a s t  and slw yrai l ing l i n e s  wre r e c o v e r e d .  Ei-idophytic b a c t e r i a  r ~ y  
p l a y  a  role i n  c a l l u s  i n d x t i o n  and r e g e n e r a t i o n .  

INTRODUCTION 

T i c c u e  c u l t u r e  t e c h n i q u e s  h a v e  b e e n  r e c e n t l y  a p p l i e d  t o  

s e a w e e d s  i n  o r d e r  t o  i m p r o v e  t h e  g e n e t i c  q u a l i t i e s  or  a s  a 

s y s t e r n  f o r  rnass c u l t u r e .  C a l l u c  f o r r n a t i o n  i n  s e a w e e d s  c a n  

a p p e a r  s p o n t a n e o u s l y  a n d  h a s  b e e n  d e s c r i b e d  t o  be  d e p e n d e n t  

o n :  ( i )  t h e  p h y s i c a l  s t a t e  o f  t h e  m e d i a  ( s e r n i s o l i d )  ( 1 ,  2 ,  

3 ) ,  ( i i )  t h e  t y p e  of t i s s u e  f r o m  w h i c h  t h e  c u l t u r e s  w e r e  i n i -  

t i a t e d  ( 3 ,  4 ) ,  a n d  (iii) b a c t e r i a 1  i n f e c t i o n s  ( 5 ,  6 ) .  

Axeny  i s  n o t  a r e q u i s i t e  f o r  a u t o t r o p h i c  c e l l  c u l t u r e  

( 7 ,  8 ,  9). H o w e v e r  f o r  l o n g  c u l t i v a t i o n  p e r i o d c  a x e n y  is 

n c c e s s a r y ,  a s  t h e  i n i t i a l l y  c o n t r o l l e d  g r o w t h  of  c o n t a r n i n a n t s  

f r e q u e n t l y  o v e r g r o w t h  t h e  c u l t u r e s  ( 9 ) .  

T h e  o b j e c t i v e  o f  o u r  w o r k  w a s  t o  d e t e r m i n e  t h e  p o s s i b i -  

l i t y  t o  o b t a i n  a x e n i c  ( o r  a s e p t i c )  c u l t u r e s ,  s t a r t i n q  f r o m  

a p i c a l  s e g r n e n t s  o f  e c o n o r n i c a l l y  i m p o r t a n t  s e a w e e d s ,  r e g e n e r a -  

ilon a n d  c a i i i g e n i c  p o t e n t i a i .  



MATERIAL A N D  MELtIODS - 

elidium versicolor, Gracllaria ferox and Laurencia sp., 

3llectcd from intertidal shores along the NW coast of 

land cf Gran Cariarla (Canary Islands) between Novercber- 

3r 1936. Two h a u r s  after c~llection, healthy and a p p a -  

epiphyte-free aplcal segmentc (1-1.5 cm long) were 

j a:id subjected :o the 13 sterilizinq treatments d e s -  

~n t a b l e  1 .  Sonication was perforrned in a ultrasonic 

i g  cievice, 30 S l n  sterile distilled water followed by 

mln ,n s t e r ~ l e  seawater. Comrnercial Hibitane (5% 

(idin b~gluconate, íCI Farma Labi was diluted 1:1000 

,000 iri sterlle seawater, and cornrnercial Betadine (108 

ie iodine, s a r g e t  L a b )  was used pure (1008) or diluted 

11th sterlle seawater. They were used alone or in 

ition with CAN [ G e O l  0.5 rng/l, Ampicillin 10 mg/l, and 

n 2 ng/l) or GAP colutions ( G A N  plus Streptomycin 100 

'enicillln 300 n q / l ) .  An average of 15 explantc were 

trcatinent ancl species. Sterilizing treatrnents were 

ílasks contsininq 6-8 explants. After sterilization 

ends were excised ( a p r o x .  3rnrn) and the explants 

;n Teti-; disnes wlth p ~ s  media ( 1 3 )  sulidif Led .w.ith 

qar  í 3 a c t o  3 i  feo). ? I l  was >reviously adjusted to 8. 

tui-es were  iiicuo~1ted in a qrowth charnber at 23 + 2 OC, - 
x ,  a n d  16 h ! 1925. Controls and transfers to fresh 

.der.? d o n o  at 1 5  r l s y s  ~ntervals. Apparent sterile 

t t c t e ! - j  l ? t > : p f i i t y  Test Media ( q l ~ ~ c c s e  n a Q 5 a ,  

0. 1 L ,  case i n :is;l!r~!3;~ate 0.05% 2nd bacteriological 

2 r o ~ ! i  0. 10 i I i . ; i ;  : l i .  seawater) . Idrritificatiori of 

3 .XJS d o n e  I I >  I :.! i í D L  Eco) standard procedur-es. 

??les for '2 1-c  - t ~ o i i  :I icrosco?y were processed follosi:ifj 

i o d s  d e s c r  L : J P : !  , !  ' ( J  i Lopoulos a n d  T s e k o s  ( L 1 ) . 



Axeny 

Contaminants are gradually diminished by lncreasing bio- 

cide treatrnents and concentrations, as inversely did the via- 

bility of the explants (table l). Explants from Gracilaria 

ferox show a hiqh sensitivity to the treatrnents, while Geli- 

diurn versicolor and Laurencia s p .  explants are more t-olerant 

and show similar results. Axeny was obtained only in two 

treatrnents (table l), which kill the explants. Sterll~zing 

treatments killing the explants still allowed the survival 

and qrowth of contaminante (table 1). Endoderma virlde and 

l e s s  frequently Phaeophila sp. appeared frorn dead lor viable) 

explants. 

Regeneration and Calliqenic Potential - 

After 30 days in culture, 90 -95% o£ the apical ceg rne r i t s  

frorn Gelidium versicolor showed a healthy and vigorous deve- 

loprnent of preexistinq or neoformed buds over the whole ex- 

plant. Similar results were obtained in other assay using 

stipe fragments (1 cm long). In this case buds arose from 

medullary cells of the cut surfaces. Gelidium versicolor 

showed the highest reqenerative potential of the three spe- 

cies tested. The neoformed thalli showed a strong phototro- 

pisrn, growing erect away £ron the mediurn. One depigmented 

csplant produced a highly pigrnented (brown-red) non-morphoge- 

*,-,e,,- , . - i l l < . r  Tkfi -.lis.- e . - . -  L . : n k . 1  A i C L I L  L a A A u 3 .  l l l c  L a I L U a  i i L ~ i ~ , ~  friable, formed b y  " ~ i i S e -  

pcndent" nodules ( 0 . 5  m diameter) and appearcd on the middle 

of the explant. The reculture of the callus was problematiz 

as it easily desintegrated in nodules. After rpculturr the 

callus progressively was depigmented a n d  died after 1 5  days . 

After 30 days in culture, 70 - 758 af the viable e;<- 

plants from Gracilaria ferox showed t h e  development- of ;>re- 

existing and neoforrned buds overall thc explant surface. 



m, Pas 
Vi, F, PS 
F, S t a ,  FLa 
F 
Pse 
NFB ( ' 1  
En doA 
b c t  
F,  S t a ,  Fla  
F,  ?as 
Psc 
Psc  
kidoA 
-\. J h 

tl lUOA 

l en t i f  i e d  b a c t e r i a ,  D = Diatcms, EhdoA = nidophyt ic  a l g a e ,  F = 
= F l a v o b a c t e r i m  odora tun ,  NFB = non f m n t a t i v e  bacteria:  - 

c e l l a  p n e w t r c p i c a ,  P s  = P s e u d m n a s  v., St = Staphyl lo-  
VI = V i b r i o  a l y i n o l y t ~ u s .  ( ' 1  r t s i s t a n t  t o P e n i c i 1 l i . n  and - 
n ;  s e n s i b l e  t o  Ckntarnycin, C e f o x i t i n ,  Cefamuidole, Cephalor i -  
mycin, EYithrmycir i ,  Tobramycin and Dibekacin. 

l e l l y  h a l f  o f   he new a n d  p r e e x i s t i n g  b u d s  becarne 

, ? A  :;, t A n  > n i r > l  >,-o> >f+-n,-  2 - 2  
_ C U  L ~ A C  U ~ I C - U L  U L L U  U L L L L  ~ L V W L I L ~  2 ~ T u í  1 fi 

12 d i s o r g a n i z a ~ l o n  p r o r n o t e s  a  f r i a b l e  y e l l o w i c h  n o n -  

-tic c a l l u s  n o d u l e  ( 0 . 5  - 1  m ) .  A f t e r  r e c u l t u r e  t h e  

2 n e r a t e d  a c a l l u s  . n a s s  ( 3 - 4  m.n d i a m e t e r ) .  I n  some 

2 c o n d a r y  c s l l u s ,  a o r e  p i g r n e n t e d  a n d  o r g a n o g e n e t i c ,  

n t h e  p r i n ; a r y  csl l u s .  C u b c u l t u r e d  i s o l s t e d  c a l l i  

l l y  b l e a c h e d  . ~ r i : i  d i e d .  

3 0  d a y s  in c u i t L : i r e ,  4 0  - 45% of the v i a b l e  e x p l a n t s  

? n c i a  S ? .  p r o d i i c c d  a h i g h l y  p l g r x e n t e d  i r e d j  c o r ~ ~ p a c t  

i l l u s  f o r m a t i o r i  : o o i  p l a c e  i r )  t h e  c u t  a n d  s p i c a l  

:he  e x p l a n t .  'ihc i - e c u l t u r e  o f  c a l l u s - p r o d u c i n g  

das s u c c e s s f u l  . i j e q e n e r a t  io:i ( 4 - 5  ~ h a l ! :  p e r  c a l l u s )  

1 a l  l t h e  c s i  l u s  1 c o ! t h a l l u s  r e g e n e r a t e d  - 

: ) s i ; o a e d  ; 1 . j : :  :::\o:,;: ru;;h: 3 ,p .  E i f f 2 - r e f i t i a L  t h a l l i -  

~ t h  a l l o w e d  t h e  1 ) i ~ : ~ ?  of slow a n d  f a s t  q r o w l n q  



l i n e s .  D u r i n g  t h e  n e x t  p a s s a g e s  t h e  c a l l i  WCL-2  ! . ; r j l c i c r? - i  a n d  

s u c c e s s f ~ l l y  c u l t u r e d  d u r i n g  the s u c c e s s i v e  4 ,-.-.cc l + - . ~ ~ : c s ,  '2nd 

a f t e r  t h e n  r e c u l t u r e d  i n  PES l i q u i d  r n e d l a .  C o n t a n : n ~ i : : o n  

( r n o s t l y  f u n g i )  p r o l i f e r a t e d  i n  l i q u i d  m e d i a  a n d  t h e  ; l r ) w  a r id  

f a s t  g r o w i n g  t h a l l i c l o n a l  v a r i a n t s  were overcrow(!l- 'c:.  

C a l l u s  h i s t o l o g y  

E l e c t r o n  r n i c r o s c o p y  of t h e  c a l i u s  from L a u r e n c i a  S ?  

r e v e a l e d  t h e  p r e s e n c e  o f  r n y c o p l a s r n a - l i k e  b a c t e r i a .  B a c t e r i a  

w i t h  a d o u b l e  rnernbrane a n d  w i t h o u t  c e l l  w a l l  a p p e a r e d  f i l l e d  

w i t h  s t a r c h  ( ? )  g r a n u l e s ,  l i k e  t h e  c a l l u s  c e l l s  ( 9 ) ,  a n d  t h e y  

w e r e  l o c a l i z e d  i n t r a c e l l u l a r y .  

a 
- 
m O 

DISCUSSION - 
0 
m 

E 

O 

T h e  r e s u l t s  f r o r n  t h e  s t e r i l i z i n g  t r e a t r n e n t s  s u g g e s t  t h a t  
,, 

a x e n y  s t a r t i n g  f r o r n  t h a l l u s  f r a g r n e n t s  rnay b e  o b t a i n e d  m o r e  b y  a E 

c h a n c e  t h a n  b y  t h e  e f f e c t i v e n e s s  o f  a  s p e c i f i c  t r e a t r n e n t .  
2 

n n 

n 

t o l e r a t e  l e t h a l  t r e a t r n e n t s  o f  t h e  h o s t  c e l l s .  T h e  b e s t  s t r a -  

t e g i e s  seerns t o  b e  s t a r t i n g  f r o m  s p o r e s  ( 1 2 ) ,  i s o l a t e d  c e l l s  

( 1 3 )  o r  p r o t o p l a s t s  (14). A n o t h e r  q u e s t i o n  i s  w e t h e r  a x e n i c  

c u l t u r e s  c o u l d  s u s t a i n  t h e  g r o w t h  o f  c e l l  a n d  t i s s u e  c u l t u -  

r e s .  F r o m  t h e  e a r l i e r  e x p e r i m e n t s  o f  P r o v a s o l i  ( 1 5 )  i t  s e e m s  

t h a t  t h e  b a c t e r i a  f u r n i s h  a  r e q u i r e r n e n t  f o r  n o r m a l  r n o r p h o l o g y  

2 n d  g r o w t h .  C h e n e y  e t  a l  ( 1 4 )  r e l a t e d  t h e  f a i l u r e  o f  g r o w i n q  

a x e n i c  c e i i  c i u s t e r s  d e r i v e d  írom p r o t o p l a s t s  o í  G r a c i i a r i a ,  

t o  a  s h o r t a g e  or a b s e n c e  o f  e s s e n t i a l  r n o r p h o g e n e t i c  s u b s t a n -  

c e s  r e l e a s e d  b y  b a c t e r i a .  A s  p o i n t e d  o u t  b y  ~ o r i t a  ( 1 6 )  

" b a c t e r i a 1  e n d o s y m b i o n t s  rnay b e  more comrnon t h a n  w e  r e d l ~ z e  

i n  r n a r i n e  r n a c r o o r g a n i s r n s " .  h r o l e  p l a y e d  b y  t h e  e c t o c a r p o i d  

e n d o p h y t e s  h a s  a l s o  b e e n  s u q g e s t e d  i n  t h e  f o r r n a t i o n  of c a l l u s  

( 5 ) .  l i o w e v e r  some a u t h o r s  h a v e  r e p o r t e d  c e l l  c u l t u r e  a n d  



5 t a n d i n q  of t h e  o r g a n i c  r e q u i r e r n e n t s  o f  s e a w e e d  c e l l s  is 

5 a r y  t o  r u n  a x e n i c  c e l l  c u l t u r e s .  

;, rn2re s p e c u l a t l v e ,  b u t  f a s c i n a t i n g ,  e f f e c t  o f  b a c t e r i a  

b e  r e l a t e d  t o  a t u m o u r - l i k e  e f f e c t  a n a l o g o u s  t o  t h e  T i -  

, i d s  o f  A g r o b a c t e r i u r n .  D i x o n  ( 5 ) ,  r e v i e w i n g  t h e  l i t e r a -  

on " g a l l s  a n d  t u m o u r - l i k e  g r o w t h s "  i n  t h e  R h o d o p h y t a ,  

1 r e t e r e n c e s  f r o m  1 8 9 2  r e l a t i n g  t h e  b a c t e r i a  w i t h  s e a w e e d  

. A g r o b a c t e r i u m  t u m e f s c i e n s  i r i d u c e d  " c r o w n - q a 1 1  d i s e a -  

i n  r e d  a l g a e  (referentes i n  5 ) .  T s e k o s  (6) s u g g c s t e d  a 

i r - l i k e  e f f e c t  w h e n  h e  f o u n d  b a c t e r i a  f i l l e d  w i t h  s t a r c h  

iles i n  n a t u r a l l y - i n d u c e d  c a l l i  o£ G i g a r t i n a  teedii. T h e  

f i n d i n g  w e  r e p o r t  n o w .  H o w e v e r  A p t  ( 1 7 )  f o u n d  n o  e v i d e n -  

: i n t e r -  01- i n t r a c e l l u l a r  b a c t e r i a  i n  c a l l u s - l i k e  g r o w t h s  

r a c i l a r i a .  

T h e  a b s e n c e  of a n y  c a r b o n  s o u r c e  i n  t h e  m e d i u r n  ( i f  a g a r  

n o t  p r o v i d e  i t )  s h o w s  a d i r e c t  i n d u c t i o n  o f  p h o t o s y n t h e -  

j r o w t h  i n  c e l l  c u l t u r e s  w i t h o u t  C O I  e n r i c h r n e n t .  T h e  c a p a -  

t y  o f  c e l !  c u l t u r e s  t o  be i n i t i a t e d ,  c u l t u r e d  a n d  r e g e n e -  

d  u n d e r  n o r m a l  a t m o s p h e r i c  c o n d i t i o n s  o p e n s  u p  t h e  p o s s i -  

t y  t o  s e l e c t  f o r  h i g h e r  p r o d u c t i v i t y  s t r a i n s .  H i g h e r  r i -  

s e  b : ? h o s p h a t e  c a r b o x y l a s e  e f f i c i e n c i e c  rnay b e  t h e  e x p l a -  

t e d  w i t h  s u c h  a n  e f f e c t  s t i l l  r e r n a i n s  s p e c u l a t i v e .  

Come a u t h o r s  h a v c  d e s c r i b e d  t h a t  c a l l u s  f r o r n  s e v e r a 1  

i o p h y t a  d o  n o t  s u r v i v e  t h e  t r a n s f e r  t o  f r e s h  rnediurn  ( 1 8 ,  

C h e n  (19) r e l a t e d  t h l s  " t r a n s f e r - e f f e c t "  t o  a  f a i l u r e  i n  

a b s n r t l o n  of n i : t r i r n t ~  f r o m  t h e  < > q a r i z e d  m e d i a .  O u r  

i l t c  ? d i  t h  Gel i d i u n i  . v f c ~ - s i c o l o r  a n d  G r a c i  l a r i a  f e r o x  a g r e c  

3 o n e  m a n n e ~  I I iioc,,. o u s e r v a t i o n s ,  w h i l e  t h e  r e s u l t s  

. t y "  of :hc ~~2 l i i ~ i  - -  i l . ; ,  ..:t~icti could be r e l c i t e d  to thr 

J I J S  3 a c t n :  - 1 ~ 7 , i  1 n s  u n r e s o l v e d .  



A n o t h e r  u n r e s o l v e d  q u e s t i o n  a r i s i n g  f r o m  o u r  r e s u l ~ s  1s 

how t h e  e r e c t - g r o w i n g  t h a l l i c l o n e s  a n d  r e g e n e r a t e d  p l a n t s  

( u n t i l  1 . 5  c m  h e i g t h ,  s o m e t i m e s  w i t h  p r o f u s e  b r a n c h i n g )  o b -  

t a i n  t h e i r  n u t r i e n t s .  A p o s s i b l e  a p o p l d s m i c  t r a n s ? o r t -  of 

n u t r i e n t c  g ü i d e d  by  euaput ra i , sp i ra t ion  c o U l d  be L L -  c i i c  ~ ~ i ~ a i i a  , ~ ~ l - , , ,  
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