
506 Specialia EXPERIENTIA 28/5 

E n d o g e n o u s  R e c o v e r y  f r o m  C o l c h i c i n e - I n d u c e d  I n h i b i t i o n  of  G r o w t h  ~ 

The mi to t ic  inhib i tor  colchicine if~duces abnormal  
deve lopmen t  in a grea t  va r i e ty  of p lan ts  and  animals~. 
This subs tance  causes the  growing t ip  of roots  to develop 
a tumefac t ion3  at  concen t ra t ions  grea ter  t h a n  the  t resh-  
old value which  produces  i ts  mutagen ic  effects  in p lan t  
ceils (Figure 1, left). I n  addi t ion,  the  w i d t h  of the  coleop- 
tile of w h e a t  seedlings t r ea t ed  wi th  colchicine is great ly  
increased (Figure 1, right) and its e longat ion is inhibi ted,  
giving rise to  a g lobular -shaped organ 4. These effects  of 
colchicine or iginate  f rom its abi l i ty  to b ind  to subuni t  
p ro te in  of t he  cell micro tubules  5. They  migh t  also be the  
consequence  of colchicine forming a complex  wi th  part icles  
of a pro te inaceous  na tu re  6 located inside the  cell wall  
and  d i s t r ibu ted  on the  outer  surface of the  p lasmalemma.  

Exposu re  of w h e a t  seedlings to high dose of the  mi to t ic  
inhibi tor  - 1.0 m M  - h i n d e r s  i r reversibly the  e longat ion 
of the  coleoptile.  The s tudy  unde r t aken  here  shows, 
however ,  t h a t  th is  p l an t  organ m a y  overcome the  inhi- 
t i t ion  af ter  a cer ta in  period, despi te  the  cont inu ing  in- 
f luence of colchicine, when  t r ea ted  wi th  a lower dose of 
t he  inhibi tor .  

Mater ia l  and  methods. Seeds of whea t  ( T r i t i c u m  aesti- 
r u m  L .  var.  Rescue) were surfaced steri l ized in a sodium 
hypochlor i te  solution, and washed  in sterile dist i l led 
water .  They  were soaked 4 h in water ,  t hen  ge rmina ted  in 
pet r i  dishes on mois t  f i l ter  pape r  in the  dark  a t  24~ 
W h e n  the  coleopti les were 1 m m  long, samples  of 20 seed- 
lings were t rans fe r red  to  conta iners  wi th  dist i l led wa te r  
or an aqueous  solut ion of colchicine. Incuba t ion  took 
place in t he  da rk  a t  2~ and  24~ t empera tu re .  At  the  
end of t he  incuba t ion  periods tile coleoptiles were excised 
and  the i r  w i d t h  and length  measured.  

Resul ts  and discussion.  Figure 2 (left) shows t h a t  
colchicine reduces  the  ra te  of coleopti le elongation.  
Never theless ,  t he  coleopti le recovers  f rom this  inhibi t ion,  
and  its g rowth  ra te  approaches  t h a t  of the  Control when  
the  seedling is t r ea t ed  wi th  0.1 m M  colchicine. On 
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I~'ig. 1. Morphogenetic development of the root and the coleoptile of 
wheat seedlings as a function of the dose of eolchieine received. 
Incubation took place in the dark at 24~ (1) and 2~ (2). Left: Root 
tumour incidence (% RT). The results are given as percentage of 
tumour incidence at the end of the incubation period (72 hours). 
Right: Maximum width of the coleoptile as percentage of the water 
control (% WM). The experimental points represent the average 
value (M) of 3 replicated experiments. Standard deviation<M(14/ 
100). 

account  of this,  t he  p h e n o m e n o n  has  been n a m e d  'endo-  
genous regenera t ion ' .  This effect  is bes t  d e m o n s t r a t e d  by  
the  expe r imen t s  represen ted  in Figure 2 (right). Incu-  
ba t ion  of whea t  seedlings in a 0.1 m M  solut ion of colchi- 
cine a t  low t e m p e r a t u r e  (2~ induces a symmet r i ca l  
oscillatiOns dur ing the  course of the  exper iment .  Despi te  
the  h igh  value o f  the  s t an d a rd  deviat ion,  t he  d rop  of 
g rowth  ra te  following the  s t a r t  of t r e a tmen t ,  and the  
osci l la tory recovery  which takes  place theraf ter ,  are 
events  too  great  in magn i tude  to  be a t t r i bu t ed  to  r a n d o m  
f luctuat ion.  

The exper imen t s  also prove  t h a t  it  is not  necessary  to  
wash  the  colchicine solut ion out  of the  cuIture m e d i u m  in 
order  to  induce regenera t ion  of growth.  This is in con t r a s t  
to previous  observa t ions  of reversal  of the  effect  of 
colchicine 2 and  of o ther  spindle  poisons such as v inb las t ine  
and  griseofulvinT: e.g., tile regenera t ion  of the  spindle  in 
Pec t inar ia  gouldi oocytes  occurs only af ter  t he  r emova l  of 
the  l a t t e r  drugs. 

The foregoing raises the  ques t ion  whe the r  endogenous  
regenera t ion  dur ing a t r e a t m e n t  w i th  colchicine is due to 
the  adap t ive  fo rmat ion  of an enzyme capable  of decompo-  
si t ion of th is  substance.  The f inding t h a t  colchicine b inds  
in v i t ro  to  DNA molecules S, and p reven t s  the  cells f rom 
enter ing  S phase  9, is an indica t ion  of the  possible role of 
an induc t ion  mechan i sm in colchicine-regulated cell 
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Fig. 2. Effect of concentration of colchicine on the rate of coleoptile 
elongation (mnl/h; mm/day). Wheat seedlings were incubated in the 
dark at 24~ (Left) and 2~ (right) in distilled water (1) and in an 
aqueous solution of colchieine: 0.1 mM (2); 0.5 inM (3). The elonga- 
tion rates shown are the average value (M) of 3 replicated experi- 
ments. Standard deviation < M(32/100). 
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deve lopmen t .  Cau t ion  is w a r r a n t e d  on  t he  i n t e r p r e t a t i o n  
of th i s  hypo thes i s .  The re  is, however ,  a possible  ana logy  of 
endogenous  r egene ra t i on  fol lowing a colchicine t r ea t -  
m e n t  w i t h  t he  g r o w t h  r ecove ry  which  occurs  w h e n  t he  
t ip  of t he  coleopt i le  of i n t a c t  w h e a t  seedlings is decap i t a t -  
ed 1~ E l o n g a t i o n  of t h e  t ipless  coleopt i le  resumes,  and  
th i s  is t he  resu l t  of b iochemica l  changes  ar is ing du r ing  a 
per iod  of r educed  g rowth  ac t iv i ty .  Th i s  shows aga in  t h a t  
i n d u c t i o n  m a y  well  ope ra t e  d u r i n g  r egene ra t ion  of g rowth  
in t h e  w h e a t  coleoptile.  

The  a s s u m p t i o n  discussed above  is incor rec t  if i t  is 
p r o v e d  t h a t  d u r i n g  r egene r a t i on  colchicine cont ro l s  cell 
d iv i s ion  exclus ive ly  a t  t he  level  of t he  mi to t i c  a p p a r a t u s .  
T h a t  is to  say, t h r o u g h  s t r u c t u r a l  changes  of t he  cent ro-  
meres  or t h e  p ro t e in  m o n o m e r s  of t he  sp indle  fibers, so 
t h a t  these  cell s i tes would  no longer  be  ava i l ab le  for t he  
colchicine ac t iv i ty .  A n o t h e r  hypo thes i s  is t h a t  th i s  
s u b s t a n c e  m i g h t  be  r e s t r a i n e d  f rom in te r fe r r ing  w i th  t he  
cell m e t a b o l i s m  in a w ay  s imi la r  to  s t r e p t o m y c i n  resis- 
t a n c e  in b a c t e r i a  11: t h e  l a t t e r  d rug  induces  a change  in a 
p ro t e in  s u b - u n i t  of t he  bac te r i a l  30 S r ibosome.  P r o t e in  
syn thes i s  is insens i t ive  t h e r e a f t e r  to  s t r e p t o m y c i n  inhi-  
b i t ion .  This  would  seem to  show t h a t  endogenous  regene-  
r a t i o n  fol lowing a t r e a t m e n t  w i t h  colchicine m i g h t  resu l t  

f rom the  s t r u c t u r a l  m o d i t i c a t i o n  of specific cell const i -  
t u e n t s  wh ich  affects  e i the r  t he  b i n d i n g  of t he  colchicine 
molecules  or t he  f u n c t i o n i n g  of t h e i r  complexes .  

Rdsumd. Des doses de colchicine infdrieures  au seuil de 
son ac t iv i td  m u t a g d n i q u e  sont  ~ l 'or ig ine  de la v a r i a t i o n  
p6r iodique  du  t a u x  de croissance in v ivo  de la col6optile 
de bld. E n  par t icul ier ,  le c o m p o r t e m e n t  oscil latoire de 
ce t te  rdgdndra t ion  endog~ne  a l ieu dans  u n  mil ieu qui  
c o n t i e n t  la colchicine p e n d a n t  t o u t e  la durde de l ' incu-  
ba t ion .  
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Blood Chemistry of LameUidens corrianus 

Lamellidens is one of t he  c o m m o n e s t  I n d i a n  f resh w a t e r  
b iva lves ,  b u t  a l m o s t  n o t h i n g  is k n o w n  a b o u t  i ts  b o d y  
funct ions .  Since b lood  ref lects  upon  t he  over-a l l  m e t a -  
bo l i sm of a n i m a l  t issues,  a p r e l i m i n a r y  b iochemica l  s t u d y  
of t he  b lood  of L. corrianus has  been  u n d e r t a k e n  here  as a n  
in i t i a l  s tep  t owards  t he  u n d e r s t a n d i n g  of t he  f u n c t i o n a l  
o rgan i sa t i on  of t h i s  mussel .  

The  a lka l ine  (pH 7.9) b lood of t he  musse l  compr ises  
amoebocy t e s  a n d  p lasma ,  t h e  l a t t e r  Cons t i tu t ing  i t s  m a j o r  
vo lume  a n d  be ing  t r a n s p a r e n t  and  colourless.  

P resence  of a r e s p i r a t o r y  p i g m e n t  could no t  be  def ini te-  
ly e s t ab l i shed  in t he  musse l  blood. S p e c t r o p h o t o m e t r y  
r evea led  a n  ins ign i f i can t  a b s o r p t i o n  in t he  v is ib le  spec- 
t r u m  range  w i t h  f a i n t  i n d i c a t i o n  of m a x i m a  a t  530 n m  
and  560 nm,  sugges t ing  t h e  vascu la r  p igmen t ,  if p resen t ,  
to  be  more  l ike h a e m o g l o b i n  t h a n  h a e m o c y a n i n .  B u t  t h e  
benz id ine  t e s t  for h a e m o g l o b i n  and  t he  p o t a s s i u m  ferro- 
a n d  fe r r i cyan ide  t e s t  for  i ron  gave  nega t ive  resu l t s  b o t h  
w i t h  p l a s m a  a n d  b lood  ceils. However ,  t r e a t m e n t  of pro- 
t e ins  p r e c i p i t a t e d  f rom 10 m l  of pooled b lood w i t h  potas-  
s ium fe r rocyan ide  p roduced  a n  e x t r e m e l y  l igh t  b lue  co- 
lour, i n d i c a t i n g  the  p resence  of ferric ions in  t races .  I t  
appea r s  therefore ,  t h a t  even  if an  i ron -con ta in ing  vascu la r  
p i g m e n t  is p resen t ,  i t  is in  such  smal l  a m o u n t s  as to  be  of 
l i t t l e  use in  t he  Oxygen ca r ry ing  needs  of t he  mussel .  

P l a s m a  p r o t e i n  c o n c e n t r a t i o n  of t he  mussel ,  e s t i m a t e d  
to be  0.9 g/1, is, l ike t h e  c o n c e n t r a t i o n  obse rved  in  o t h e r  
b iva lves  a n d  gas t ropods  1, a p p r e c i a b l y  lower t h a n  t h a t  re- 
p o r t e d  for cepha lopods  1. Since p l a s m a  p ro t e ins  chief ly  
fac i l i t a te  f luid m o v e m e n t  across cap i l l a ry  end-loops,  t he i r  
h i g h  level  in  cepha lopods  and  low level  in  o the r  mol luscs  
m a y  be jus t i f i ed  b y  t h e  p resence  in t h e  fo rmer  a n d  ab-  
sence in t h e  l a t t e r  of capi l lar ies  be t w een  ar te r ies  a n d  veins.  

Glucose c o n t e n t  of t he  musse l  p l a s m a  was found  to be  
.8.2 mg/100  ml.  MARTIN 2 ha s  sugges ted  t h a t  i t  is was te fu l  
for  mol luscs  to  m a i n t a i n  more  t h a n  t h e  m i n i m a l  r equ i red  
b lood glucose because  of i t s  i m p e r a t i v e  loss du r ing  f i l t ra -  
t i o n  of f lu id  f rom the  h e a r t  for u r ine  fo rmat ion .  T he  pre-  

sen t ly  observed  glucose concen t r a t i on ,  if cons idered  as t he  
m i n i m u m  required,  would  i m p l y  a v e r y  low energy  de- 
m a n d  and  hence  a n  equa l ly  low over-a l l  m e t a b o l i s m  in t he  
mussel ,  even  in compar i son  w i t h  o the r  b iva lves  whose  re- 
p o r t e d  blood glucose levels  are cons ide rab ly  h igher  2. 

Amylase  a c t i v i t y  was s tud ied  in  the  p l a s m a  as well  as in 
a h o m o g e n a t e  of a m o e b o c y t e s  s epa ra t ed  f rom 10 ml  of 
pooled b lood  of t he  mussel .  P l a s m a  was found  to hydro-  
lyse 0.082 m g  a n d  t h e  a m o e b o c y t e  h o m o g e n a t e  0.015 mg 
s t a r c h / h / m g  p l a s m a  pro te in .  However ,  whi le  t he  amylase  
a c t i v i t y  of  p l a s m a  m u s t  be non- func t iona l ,  s ince b lood 
c a n n o t  be  t he  si te  of s t a r c h  digest ion,  t h a t  of the  wander -  
ing amoebocy te s  m a y  be  func t iona l  a n d  ind ica t ive  of a 
p r o b a b l e  d iges t ive  role of these  cells. Leakage  of e n z y m e  
f rom b lood  cells is, therefore ,  a l ikely source of p l a s m a  
amylase ,  b u t  t he  m u c h  h ighe r  amylase  c o n t e n t  of p l a s m a  
in compar i son  w i t h  t h a t  of blood cells would ind ica te  
leakage  f rom o the r  sources  also. 

Acid and  a lka l ine  p h o s p h a t a s e  ac t iv i t i e s  of the  mussel  
p l a s m a  were r e spec t ive ly  found  to release 0.0107 and  
0.0116 m g  pheno l  pe r  h o u r  per  m g  p l a s m a  prote in .  These  
act ivi t ies ,  be ing  e x t r e m e l y  low, do no t  a p p e a r  to  be  func- 
t ional .  Moreover,  t he  poss ib i l i ty  of t he i r  leakage f rom 
amoebocy t e s  to  p l a s m a  c a n n o t  be  ignored,  special ly since 
p h o s p h a t a s e s  h a v e  been  h i s t ochemica l l y  d e m o n s t r a t e d  in 
t he  musse l  a m o e b o c y t e s  3. 

G l u t a m i c  oxa loace t ic  t r a n s a m i n a s e  a c t i v i t y  ot t he  
musse l  p l a s m a  was found  to release 0.0187 m g  p y r u v a t e  
pe r  m g  p l a m a  pro te in .  Presence  of th i s  enzyme  in the  
p l a s m a  m a y  be i nd i ca t i ve  of t he  ex is tence  of ci tr ic acid 
cycle in  the  mussel .  
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