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S u m m a r y

The secondary phloem  o f  H e v c j  br js ihcnsif  presents a repetitive organ iia tion  in which  
alternacL- bands o f laticifers. parenchym a cells and sieve tubes occur. The m njority » f  the 
laticifcrous vessel rings arc located outside the conducting phloem  zone. R adial transport 
through phloem rays thus appears to be essential in providing the laticifers w ith  those 
m eiaboliies needed for the biosynthesi:* o f rubber. Enhanced respiratory and phosphatase  
activ ities arc frequently deteciab lc  w ith in ray cells.

K e y  J-lcvcj hrjs ihensis ,  secondary phloem, latic ijers,  vascular  rays , radial
transport.

I n tr o d u c t io n

V e ry  l i t i ic  in fo r m a tio n  is a v a ila b le  o n  th e  ca m b iu m  a n d  its  d e r iv a t iv e s  in  tr o p ic a l  
trees , as co m p a r ed  w ith  th e  b u lk  o f  d a ta  a c cu m u la ted  o n  s p e c ie s  o f  tem p er a te  reg ion s  
(P h il ip s o n  c t  a l.,  1 9 7 1 ; Z im m e r m a n n  an d  B r o v n , 1 9 7 1 ) .  A lth o u g h  sev e r a l au th ors  
h a v e  stressed  th e  n e ed  fo r  e x te n d e d  in v e s t ig a t io n s  o n  tr o p ic a l sp ec ies  (A l v im , 1 9 6 4 ;  

T o m l in s o n  an d  G il l , 1 9 7 3 ) ,  o n ly  a fe w  c o n tr ib u tio n s  in  th e  f ie ld  h a v e  a p p ea red  
w ith in  recen t v ca rs  (n o ta b ly  L a v t o n  an d  C a n n y , 1 9 7 0 ; L a v t o n  a n d  L a v t o n , 1 9 7 1 ;  
G h o u s e  an d  H a s h m i, 1 9 7 6 ).

A rb o rescen t sp ec ies  o f  e c o n o m ic  im p o r ta n c e  are p a r t ic u la r ly  n u m ero u s  in  th e  
tr o p ic s  ( M a n c e n o t ,  1 9 5 5 ) ,  a n d  m a n y  o f  th em  rem ain  la r g e ly  u n d e r in v e s iig a te d . In  
th is  p a p er , w e  p re sen t a n e w  in te r p r e ta tio n  o f  th e  fu n c t io n a l  o r g a n iz a t io n  o f  th e  

bark  o f  H e v c a  b ras i l i en s is ,  b ased  o n  co rr e la te d  s tru c tu ra l a n d  h is to e n z y m o lo g ic a l  
stu d ies . T h e  pcn era l a n a to m y  o f  th is  p la n t in  r e la tio n  t o  its  p r o d u c t iv ity  has been  
d escr ib ed  by m a n y  a u th o rs  (c f .  e .g . R ic h e s  a n d  G o o d i n g ,  1 9 5 2 ; B o u y c h o u ,  1 9 6 2 ;  
G o m e z  e t a l., 1 9 7 2 ).



M aterial and M ethods 

M ateria l
A ll the specim ens o f Hevaa hrasiiiensis used in ihis study w ere grown ai the JRCA  

experim ental station a i Bimbresso, Ivory Coast. M ature trees, 12 to 21 years o ld . were 
selected; such trees are regularly tapped. In add ition , some young (2—4 years) and a few  
older but untapped trees were studied. M ore than 90 d ifferent trees, belonging to the 
clones G T  1 and PR 107 were sampled.

Methods
Bark samples were taken from  the selected trees at various levels. A 4 mm punch w as  

routinely used, although some larger portions o f bark were occasionally cut w ith  a knife  
and chisel. The samples were im m ediately immersed in fixatives.

T he m eihods used were essentially the same as those de.«nbed  in  a recent paper (Hebant 
et al., 1978). In addition, three further cytochem ical tests were applied; the IK l reaction 
for starch (Sass, 1958); a m odified \( 'achstein*Meiskl procedure for the dem onstration of 
A TPa.w a c t iv i t y  (w ith  C a ”  and M g." added  to  the /ncubation medium) (bZKiYK  and 
Mikschi.. 1976); a nitroblue-tetrazolium  method for the dem onstration o f  N A D -depend en t 

isocitratc dehydrogenase (Sauter, 1972).

Results

S tru c tu r a l v a r ia b ility  is o b se r v e d  in th e  bark  o f  H c v e a  brasi l ienzis .  T h is  d ep en d s  
u p o n  n u m ero u s  fa c to r s , b o th  in ter n a l a n d  e x te rn a l:  age o f  th e  trees , c lo n e s , rh y th m s  
a n d  sea so n s, tap p in j;, s ta te  o f  th e  b ark  (v ir g in , r en ew e d ) , d iseases, e tc . In th is  p a p er , 
vk-e o n ly  co n s id er  th e  bark o f  m a tu re , h e a lth )’ an d  reg u la r ly  ta p p ed  trees.

A'r.v to  I,ihcls on jigures:

A P. axial parenchym a; C , cam bium ; C P. conducting phloem ; CR . crystal; D C .
• d e fin itiv e - callose; L, laticifer; N C P , non-conducting ph loem ; PL, parenchym a cells 
associated to  laticifer rm g; R, vascular ray (phloem  and<or xylem  ray); S, sieve tube; SCL, 
sclerd d ; T, tannin cell; V , vessel; X , secondary xylem .

Fig. 1: Secondary phloem  and xylem  from  siem o f  Hevca brasiUcnsh in transverse section. 
A lternate bands o f  laticifers (w ith associated parenchym a cells), and of sieve tubes (the 
latter crushed in the non-conducting phloem ), are identifiab le w ith in the phloem . The 
depth o f the conducting phloem  zone (C P) in the specimen show n here is ca. 0 .6  mm. 
Section o f araldite-em bedded m aterial stained with Paragon. X 80 .
Pig. 2; Transverse v iew  o f cambium and derivatives (scanning electron m icrograph). N ote  
that more or less d ifferentiated ray elem ents establish the link between phloem  and xylem  
rays, through the cambium -  w hid i appears here to be non-functional. X 160.
Fig. 3:  Transverse section o f  phJoem o f  H c vea  bresili tnsis  treated w ith buffered aniline  
blue and view ed under the fluorescence m icroscopc. M oderate am ounts o f cailose char­
acterize the sieve tubes o f the conducting phloem . O utside this zone, sieve plates arc 
occluded by large amounts o f  «defin iiive»  cailose (D C ), w hich eventually  disappears. N ote  
also prim ary fluorescence o f  xylem . X 70 .
Fig. 4: D eta il o f  laticifcrs and associated parenchym a cells in transverse section. D egenerated  
sieve tubes also seen. Section o f  araldite-em bedded material stained w ith  Paragon. X40C.
Fig. 5; Transverse v iew  o f aped portion o f bark show ing developm ent o f  sclereids and 
alteration  o f  ravi. Scanriinp, electron  m icrograph. X 360.





T h e  v a scu la r  ca m b iu m  o f  H e v c a  u n d erg o es  r h y th m ic  a c i iv i t y ,  an d  th ere  is no  
s y n c h r o n iz a tio n  b e tw e e n  o n e  tree  a n d  a n o th e r  w ith in  a  g iv e n  p o p u la t io n .

W o o d  is o f  th e  d if fu s e -p o r o u s  ty p e , w ith  m u ltiser ia te  r a y s  a n d  a x ia l p a ren c h y m a  

(p a ra tra c h e a l an d  b an d ed  a p o tra c h e a l) .
W ith in  th e  seco n d a ry  p h lo e m , a  n a rro w  la y e r  o f  c o n d u c t in g  p h lo em  is seen  

a d ja ce n t to  th e  cam b iu m  ( f ig .  1 ). I ts  w id th  w a s  fo u n d  to  v a r ) ’ fr o m  0 .2  to  0 .8  m m  
fo r  a  to ta l bark  th ick n e ss  o f  ca . 1 0  m m  in sa m p le s  ta k en  fr o m  ju st b e lo w  th e  lappin*^

S i e v e  rubes in  th e  a c t iv e  p h lo e m  are 7 - 3 6 / /m  in  d ia m eter . S m a ll a m o u n ts  o f  
c a llo s c  arc fr e q u e n tly  id e n t if ia b le  o n  th e ir  s iev e  p la tes  b y  th e  a n il in e -b lu e  flu o rescen ce  
m e th o d  (f ig . 3 ). O u ts id e  th is  z o n e , a p in g  s ie v e  tu b es are e n c o u n te r e d , th e  s ie v e  areas  
o f  w h ic h  m a y  be o c c lu d e d  by la rg e  a m o u n ts  o f  c a llo s c  ( • .d e f in it iv e *  c a llo s e )  (fij;. 3 ). 
In o ld e r  reg ion s o f  sec o n d a ry  p h lo e m , cru sh in i; o f  th e  s ie v e  e lem en ts  is o b serv ed  (fig s. 
1 an d  4 ). N o  c a llo s e  is u s u a lly  d e te c ta b le  in  th em  (f ig . 3 ).

L a tic ife r o u s  ve sse ls  are  r h y th m ic a lly  p r o d u ce d  w ith in  ca m b iu m  d e r iv a t iv e s , fo r m ­
in g  c o n cen tr ic  h o llo w  c y lin d e r s  in th e  b ark  (f ig s . 1 a n d  6 ) .  E a ch  la te x  vesse l r in g  is 

em b e d d ed  w ith in  a sh ea th  o f  p a r e n c h y m a  ce lls  (fig - 4 ).
A lte r n a te  b an d s o f  la iic ife r s .  p a rcn ch y m a  c e lls  an d  s ie v e  tu b es  (in te rm ix e d  w ith  

o th e r  ce ll ty p es )  th u s c o n s t itu te  a ch a r a c ter is t ic  p a ttern  in th e  sec o n d a ry  p h loem  
(f ig . ) ) .  H o w e v e r  th is  a lte r n a tio n  is n o t  a b so lu te ly  reg u la r , fo r  in sta n ce  s iev e  tubes 

m a y  be la ck in g  b e tw e e n  t w o  su c cess iv e  v esse l rings.
O n lv  a lim ited  n u m b er (2  t o  6 )  o f  la t ic ife r o u s  vesse l r ings arc fo u n d  w ith in  th e  

co n d u c t in g  p h lo em  zo n e , w h e r e a s  m a n y  m ore  rings (e .g . 2 .'>-35) o ccu r  in th e  ou ter  

n o n -c o n d u c tin g  p h loem .

F ig . 6 : Tangen tia l v ie w  o f  la t ic ife ro u s  vessel r in g . T h id^  fre e z in g  m ic ro io m c  section o f 
osTTnum tc iro x id c  trea ted  m a te ria l. X 8 2 .
F ig . 7; D isorgan ized la t ic ife rs  in  aped b a rk . T a n g en tia l lo n g itu d in a l scction o f osmium 
te iro x id c  trea ted  m a te ria l. X 7 2 .



T h e  m u ltiser ia te  r a y s  o f  th e  p h lo e m  are c o n tin u o u s  w ith  th o se  o f  th e  x y le m . W h en  
th e  ca m b iu m  is  n o n -fu n c t io n a l ,  m o re  o r  less d if fe r e n t ia te d  ra y  e le m e n ts  e s ta b lish  th e  
lin k  b e tw e e n  x y le m  a n d  p h lo e m  r a y  c e lls  ( f ig .  2 ). T h ese  e le m en ts  d e d if fe r e n t ia te  at 
th e  o n se t o f  r e a c t iv a t io n  o f  th e  v a s c u la r  ca m b iu m .

In  a g e d  p o r tio n s  o f  ih e  sec o n d a ry  p h lo e m , sclere id s  d if fe r e n t ia te ,  th e  p r o g ress iv e  
d e v e lo p m e n t  o f  w h ic h  e v e n tu a lly  d iso r g a n iz e s  th e  fu n d a m e n ta l p a t te r n  d escr ib ed  
a b o v e  : th e  ra y s  are ser io u s ly  a lte r e d  ( f ig .  5 )  w h erea s  th e  la t ic ife r o u s  v e sse l r ings  
p r o g r ess iv e ly  d isa p p ea r  ( f ig .  7 ).

O n e  im p o r ta n t  s tr u c tu ra l fa c t  reta in s  th e  a tte n t io n :  th e  v a r io u s  p a r e n c h y m a  c e lls  
in  th e  rec e n tly  fo rm ed  w o o d  a n d  sec o n d a ry  p h lo em  c o n s t itu te  a  c o n t in u o u s  th re e -  
d im en sio n a l n e tw o r k . T h e  f o l lo w in g  are th u s s p a t ia l ly  c o n n e c te d  w ith  ea ch  o th er :  
th e  c e lls  o f  a x ia l  p a r e n c h y m a  in  th e  x y le m ;  th e  ray  c e lls , b o th  o f  x y le m  a n d  p h lo e m :  
th e  p a r e n c h y m a  c e lls  a s so c ia te d  w ith  th e  la t ic ife r s  in  ea ch  ring .

C y l o c h e m i c a !  r esu l ts  

S tarch

S ta rch  fr e q u e n t ly  o ccu rs  in  ra y  an d  a x ia l p a r e n c h y m a  c e lls  o f  th e  w o o d  ( f ig .  8 ). 
S m a ll s tarch  gra in s are o c c a s ic n a ly  e n co u n tere d  in  cer ta in  p a r e n c h y m a  ce lls  o f  th e  
sec o n d a ry  p h lo em , b u t th ey  rem ain  q u ite  sca n tv .

E n z y m e  a c t iv it ie s

E n h a n ced  resp ira to ry  a n d  p h o sp h a ta se  a c t iv it ie s  are fr e q u e n t ly  o b se rv e d  in  th e  
p a rcn ch y m a  c e ils  o f  th e  th re e d im e n s io n a l n e tw o r k  d escr ib ed  a b o v e . L a ck  o f  s ta in in g
IS o cca s io n a l)-  n o ted , bu t i t  is n o t y e t  k n o w n  w h e th e r  th is  is d u e  t o  p r e p a r a tio n  
h a z a rd s , or  to  v a r ia t io n s  in  th e  p h y s io lo g ic a l s ta te  o f  th e  tissu es s tu d ied .

T h e  f o l lo w in g  a c t iv it ie s  w e r e  r ev e a le d :
-  A c id  p h o sp h a ta ses , by  th e  m e th o d s  o f  G o m o r i , u s in g  /" (-g ly cero p h o sp h a te  as 

su b stra te  (f ig s . 11 to  1 3 ) . an d  o f  B u r s t o n u , u sin g  n a p h io I -A S -M X -p h o s p h a te  as 

substrate .
-  A T P a s e  (f ig s . 14  t o  16).
-  S u cc in a te  d e h y d r o g e n a se , w ith  th e  n itr o b lu e -te tr a z o liu m  p r o c ed u r e  o f  N a c h l a s  

e t a l. ( f ig .  10).
-  I so c itr a ie  d e h y d ro g e n a se ,
-  C y to c h r o m e  o x id a s e , b y  th e  m e th o d  o f  B u r s t o n e  ( f ig . 9 ).

P a r tic u la r ly  h ig h  le v e ls  o f  a c t iv it y  are e v id e n t  in  th e  e le m e n ts  o f  th e  v a s c u la r  ra y s  

(b o th  x y le m  a n d  p h lo em  r a y s) . In  a d d it io n , in ten se  s ta in in g  o f  th e  c o m p a n io n  ce lls  in  
th e  co n d u c t in g  p h lo em  is  o b se rv e d .

S p ec ia l m e n tio n  m u st be m a d e  o f  th e  la t ic ife r o u s  ve sse ls  w h ic h  s h o w  v a r ia b le  
deg rees  o f  s ta in in g  w h e n  a c id  p h o sp h a ta se  a c t iv i t y  is  te s ted .

W h en  th e  G r a h a m - K a r n o v s k y  D .A .B . p ro ced u re  fo r  p e r o x id a se  is  ca rr ie d  o u t ,  
such  an  in ten se  r ea c tio n  o f  th e  b ark  is  o b ta in e d , ev en  a fter  sh o r t in c u b a tio n  p e r io d s ,  
th a t  n o  d if fe r e n t ia l  s ta in in g  c a n  be d ec ip h er ed  in  m o st  cases. S o m e  d if fe r e n t ia )





o x id a t iv e  a c t iv ity  h o w e v e r  ap p ea rs  to  be r ev e a le d , by th e  B u r s t o n e  m e th o d  fo r  

c y io c h r o m e -o x id a s c , w h ic h  is k n o w n  to  y ie ld  c o lo u r e d  rea ctio n  p ro d u cts  u n d er  th e  
in f lu e n c e  o f  a  n u m b er o f  fa c to r s , in  a d d it io n  to  th e  c y to c h r o m e -o x id a s e  ( H a r w ig , 
1 9 6 7 ):  p o s it iv e ly  s ta in e d  b a n d s  arc  rev e a le d  b y  th is  m e th o d  in  th e  sec o n d a r y  p h lo e m  
(f ig . 9 ). T h e se  « b a n d s»  c o rre sp o n d  to  th e  d e g e n e r a t in j’ s ie v e -c le m e n ts  an d  associat<?d 
c e l ls ,  th e  sta in in j; in th em  b ein ^  m o stly  lo c a te d  w ith in  th e  ce ll w a lls .

D is c u ss io n

In  a ll th e  m a tu re  trees  s tu d ied , a  m a jo r ity  o f  th e  la t ic ife r o u s  vesse l rin^s in  th e  
b ark  are lo ca ted  o u ts id e  th e  n a rro w  b an d  o f  c o n d u ctin j; p h lo em . T h ere fo re  ra d ia l 
tr a n sp o r t throa-^h th e  p h lo e m  ra y s  a p p ea r  lo  be e ss e n tia l in  p r o v id in g  such  la t ic ife r s  
w ith  th o se  m e ta b o lite s  n e e d e d  fo r  th e  b io s y n th e s is  o f  rubber. In a d d it io n , la t ic ife r o u s  
ve sse ls  in ea ch  rin^ are  c lo s e ly  a s so c ia te d  w ith  ea ch  o th er  a n d . a p a rt fr o m  a fe w  
p a re n ch y m a  cells , o n ly  th e  rays in terru p t th etr  c o n t in u ity :  th ese  a p p ea r  to  be th e  
o n ly  p o ssib le  p a th w a y  fo r  e f f e c t iv e  ra d ia l tr a n sp o r t o f  n u tr ien ts.

In th is  c o n t c \ t .  th e  o c c u r r c n c f  o f  en h a n ced  r e sp ir a to r y  an d  p h o sp h a ta se  a c t iv it ie s  
in ray c e lls  o f  H c v c j  hrasH iensif  is o f  s i'^ n ifican cc . A  b u lk  o f  e v id e n c e  fro m  variou.'; 
o th er  p la n t n m icr ia ls  suj;^i.*st th a t v a scu la r  ra y s  m a y  p la y  an  im p o r ta n t ro le  in  ra d ia l 
tra n sp o r t, an d  th a t th e  e n h a n ce d  e n z y m e  a c t iv it ie s  d e m o n str a te d  at th is  lev e l arc  
re la ted  to  th e  tra n sp o r t p h en o m e n a  ( H o l l .  I 9 7 j ) .  It is w o r th  n o t in "  th a t n o r m a lly  
c o n s titu te d  la t ic ife r  rinses d isa p p ea r  p rec ise lv  a t th e  le v e l w h ere  ra y s  are c o lla p se d .

T h e  in terp rc ia r io n  o f  th e  fu n c t io n a l o r j ia n iz a t io n  o f  th e  laticiferou?: tissu e  of Hevc<-i 
th a t w e  p ro p o se  here th u s im p lie s  b o th  v e r t ic a l (in  th e  co n d u c t in g  p h lo e m ) a n d  ra d ia l 
tra n sp o r t o f  m eta b o lite s . O n e  m ig h t a lso  e x p e c i a p a r tic ip a tio n  u n d er  ccr ta in  
c ircu m sta n ces  o f  th e  reserves (s t .irch ) o f  th e  p a r e n c h y m a  c e lls  in th e  w o o d , v ia  th e  
v a sc u la r  rays a n d  th ro u g h  th e  ca m b iu m , in  th e  lo a d in g  o f  th e  la tic ifer s .

F ro m  a n o th er  p o in t o f  v ie w , th is  m o d e) m ig h t a ls o  p r o v id e  an  e x p la n a t io n  o f  th e  
fa c t  th a t th e  n ew  m e th o d  o f  p u n c tu r e  ta p p in g  p r o v id e s  la te x  w ith  a h ig h er  su crose

Fig. S: D em onstration ot starch in parcnthym.n cells o f  w ood by IKI reagcni. Transverse 
scction, 45.
Figs. 9 -1 6 : D cm onstfa iior  o f  en /ym c activ ities in transverse sections o f  w ood and 
secondary phloem ;
Fig. 9: C ytochrom c-oxidasc and other oxidase activitici- in phloem , as revealed b) the 
method o f Burstoni'.. D arkly  stained tangential bands correspond lo  degenerating sieve  
tubes and associated parenchym a cells. -  Fig. 10: Succinate-dehydropenase in phloem , by 
the method o f N achlas et al, -  Fig>. 11 to 13: A cid  phosphatase activ ity  (Gomori m ethod) 
in w ood (fig. 11) and secondary phloem  (fig . 12). Fig. 13 shows a no-substrate control for 
phloem . D ark ly  stained langcm ia l b a n d s  in fig . !2  correspond to  laticifers and associated  
parenchym a cells, -  Figs. 14 to 16: A T Pasc activ ity  (after a m odified WACHSTriN-Mp.iSEL 
procedure) in w ood (fig. 14) and phloem  (figs. 15 and 1(i)- Fig. 16 shows detail o f cambium  
and new ly formed secondary phloem.
Figs. S to 13, -• 45; fig. 14, '•'75; fig. 15, '' 27; fig . 16. X'6S. -  Figs. 9. 10. 12, 13. 15 and
16 are orientated so that cambium is located tow ards base o f  plate.



c o n te n t (P r im o t  a n d  T u p y , 1 9 7 6 );  in  th is  p ro ced u re , d eep er  in c is io n s  in  th e  bark  
rea ch  th e  c o n d u c t in g  p h lo em  z o n e  (u n a tta in e d  b y  c o n v e n t io n a l p ro c ed u res), w ith  th e  
resu lt th a t c o n ta m in a t io n  o f  th e  la te x  b y  s ie v e -tu b e  sa p  occu rs.

Irreg u la r  s ta in in g  o f  th e  la tic ife r s  w h e n  tested  fo r  a c id  p h o sp h a ta ses  has been  
reco rd ed . In c o n s is te n t p r e se r v a tio n  o f  th e  stru ctu res  m a y  be resp o n sib le  fo r  th is. 
S h o u ld  th e  «lutoids>* ( =  p o ly d isp e r s e d  v a c u o - ly s o s o m a l sy ste m ; c f . P u ja r n is c l e , 
1 9 6 8 ;  R ib a il l ie r  e t  a l.,  1 9 7 1 )  be a lte r e d , th en  an  in ten se  c o lo u r e d  reaction  occu rs, 
w h e r e a s  a  m o re  d iscre te  p a r t ic u la te  s ta in in g  is o b se rv e d  w h e n  th ey  rem ain  in tact.
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Summary

The occurrencc and distribution o f  m yrosinases in d ifferent p lant orpans in several spccies 
o f  Brassicaceac iBrafsica chincnsis, B. napus  L-, B. olcracea  L., Jberis amara  L.. Iber'n 
amara  var. coronaria, Lepid ium sat ivum  L., Raphanus sa tivus  L. and Sinapi i alb,3 L.) '̂ ■̂as 
studied- M yrosinase solutions were prepared from roots, stems, leaves, callus cuhurc' and 
protoplasts and after d ialysis the enzym atic activ ity  was detected after h yd rolytic  cleavage  
o f  sinigrm . Specific activ ity  was calculated in relation to protein, and it was found to vary  
within the range o f 0 .490 to 0.010 »m ol - min"' - mp"’ in 1 to  2 day o ld  seedlings. The 
activ ity  was found to  dccreasc throughout the developm ent o f  the p lant but even at the 
flow ering stage m yrosinase activ ity  could be detected.

In callus cultures orig inally  isolated from  stem segments o f w ild  candytuft and Chinese 
cabbage m yrosinase activ ity  was dem onstrated 48 and 64 weeks, respectively, a fter the start 
o f  the cultivation  period.

Protoplasts from the abovem cntioned spccies were also isolated from  lea f tissue and their 
m orphological shape exam ined by light -  and scanning electron m icroscopy. A lthough  
m yrosinase activ ity  was not detectable in protoplasts o f  cabbage, cress and rape, the 
m yrosinase extracts from  protoplasts o f  the other spccies showed higher specific  activ ity  
than the intact lea f cells.

The distribution o f  m yrosinases has been interpreted and correlated to the developm ent 
stage o f the plant tissue.

K e y  words:  M yrosinasf i,  Brassicaceae, protoplasts ,  callus ct<ltnTes.

Introduction

T h e  n a tu r a lly  o c cu rr in g  th io g lu c o s id e s  c a lle d  g lu c o s in o la ie s  are h y d r o ly s e d  in  
n e u tra l so lu tio n s  b y  m y r o s in a se s  o r  th io g lu c o s id e  g lu c o h y d r o la se s  (E .C . 3 .2 .3 .1 )  to  
is o th io c y a n a te , g lu co se  a n d  su lp h a te . M y ro s in a se s  seem  t o  be a c c o m p a n ie d  b y  o n e  or  
m o r e  g lu c o s in o la te s . T h e y  are  p resen t in  a ll B ra ss ica ce a e  sp ecies e x a m in e d  (E t l l i n - 
GER a n d  K ja e r , 1 9 6 8 )  b u t h a v e  a lso  b een  fo u n d  in  th e  p la n t fa m ilie s  C a p p a r id a c e a e .  
R c sed a ce a e , T r o p a e o la c e a e  (S n o w d e n  an d  G a in e s , 1 9 6 9 ), L im n a n tr a ce a e , C a r ica c e a e




