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Th e  Act ion  of Inhib i tors  of  Nuc le i c  Ac ids  S y n t h e s i s  on  Euglena 
I n  r ecen t  years,  a va r i e t y  of an t ib io t ics  a n d  o t h e r  

subs tances  have  been  found  to  cause the  i r reversible  loss 
of chloroplas ts ,  which  t r ans fo rms  Euglena f rom a green, 
p h o t o s y n t h e t i c  a u t o t r o p h  to  a colorless he t e ro t roph ,  has  
been  t e r m e d  'b leaching ' .  L i t t l e  is k n o w n  a b o u t  t he  
m e c h a n i s m  of ac t ion  of b leach ing  agen t s  in Euglena, b u t  
some workers  h a v e  sugges ted  an  in t e rac t ion  w i t h  D N A  
or some h e r e d i t a r y  a p p a r a t u s  respons ib le  for ch lo rop las t  
fo rma t ion  or repl ica t ion  1-8. In  o rde r  to  t e s t  th is  h y p o t h e -  
sis, we have  selected some an t ib io t ics  which  are k n o w n  
to  inh ib i t  D N A  syn thes i s  in o the r  o rgan i sms  and  com- 
pa red  the i r  b leaching  act iv i t ies  wi th  some known  inhi-  
b i to rs  of R N A  synthes is .  The  resul ts  are shown in t he  
Table.  Of t he  10 inh ib i to rs  of D N A  syn thes i s  t e s t ed  (sub- 
s tances  No. 1-10) 9 were  p o t e n t  b leach ing  agen t s ;  one  
of t h e m  (edeine) caused  t h e  p e r m a n e n t  loss of p las t ids  in 
a p a r t  of the  popula t ion .  B u t  ch lorop las t s  in a n o t h e r  
p a r t  of t he  popu la t i on  r eappea red  a f t e r  subcu l tu r ing  
several  t imes  in f resh ant ib io t ic - f ree  med ium.  The  con- 
cen t r a t i on  of edeine which  caused  the  p e r m a n e n t  b leach ing  
was very  close to  t he  concen t r a t i on  which  killed the  cells. 
In  o rde r  to  be an ef fec t ive  b leach ing  agent ,  a subs t ance  
m u s t  be less tox ic  for  t h e  cell  t h a n  for t he  p las t id .  
P h l e o m y c i n  was  also tox ic  for  t he  celt a n d  there fore  
showed  no b leach ing  ac t iv i ty .  None  of t h e  inh ib i tors  of 
R N A  syn thes i s  (subs tances  No. 11-16) were  effect ive  
b leach ing  agents ,  inc luding m a n y  analogs  of pur ine  
nucleosides (subs tances  No. 17-22). We  under l ine  here  
t he  ac t ion  of noga l amyc in  wh ich  causes a t e m p o r a r y  
b leach ing  of Euglena. Noga lamyc in  ac t s  in a m a n n e r  
s imi la r  t o  ac t i nomyc in  D, b u t  wi th  a d i f fe ren t  b ind i n g  

s i te  (it b inds  to  aden in  or t h y m i n e  moie t ies  of D N A  in 
c o n t r a s t  to  ac t inomyc in  D) thus  inh ib i t ing  D N A - d i r e c t e d  
R N A  syn thes i s  4. The  75% ra t io  of a d e n i n e - t h y m i n e  bases  
in Euglena chloroplas t s  favours  for t h e  noga l amyc in  
act ion.  On the  basis  of these  obse rva t ions  we can also 
exp la in  t he  ac t ion  of  m i t o m y c i n s  on  Euglena gracilis. 
Por f i romyc in  and  some o the r  m i t o m y c i n s  are  good 
b leach ing  agents ,  whi te  m i t o m y c i n  C does  no t  exe r t  
b leach ing  ac t iv i ty .  In  a recen t  p a p e r  2, in which  we 
e x a m i n e d  the  s t ruc tu ra l  basis  of these  differences,  we 
found  t h a t  t he  essent ia l  fac tor  is t he  d i f ference  in t o x i c i t y  
b e t w e e n  m i t o m y c i n  C and  por f i romycin .  Since porf iro-  
m y c i n  is t he  least  tox ic  of t h e  mi tomyc ins ,  we can add  
th i s  an t ib io t i c  in  h igher  c o n c e n t r a t i o n s  which  p roduce  
p e r m a n e n t l y  b leached  cells. The  tox ic i ty  of m i t o m y c i n  C, 
on t h e  o t h e r  hand ,  is so g rea t  t h a t  such  concen t r a t ions  
kill  t h e  Euglena cells. 

All b leach ing  agents  p roduced  aplas t id ic  cells only  
when  ac t ing  on ac t ive ly-growing  cells. I f  these  an t ib io t ics  
are added  to  an  Euglena cul ture  in t he  s t a t i o n a r y  phase  
of growth ,  t he  cells do no t  loss ch lorophyl l  or chloroplas ts .  
Similarly,  b leach ing  does  n o t  occur if t h e  an t ib io t ic  is 
p r e s e n t  in concen t r a t i ons  h igh  enough  to  p r e v e n t  cell  
rep l ica t ion ;  decrease  of ch lorophyl l  a n d  d i s sapea rance  
of ch lorop las t s  can  be found  only  u n d e r  cond i t ions  wh ich  
allow rep l i ca t ion  of t he  cells. W e  found  t h a t  m o s t  ant i -  
b io t ics  cause the  p e r m a n e n t  loss of p las t ids  a f te r  a b o u t  
5 cell repl icat ions .  The  m e a n  n u m b e r  of p las t ids  per  cell 
is r educed  by  abou t  one-hal f  a f te r  each  genera t ion  t ime .  
This  ind ica tes  t h a t ,  whi le  cell d iv is ion occurs  normal ly ,  
t he  rep l ica t ion  of p las t ids  is inhib i ted .  Thus  in an  ac t ive ly  

The bleaching effect of 22 inhibitors of nucleic acid synthesis 

No. Antibiotic Killing 
concentration 
(~g/ml) 

Minimal Colour % of bleached 10 white References 
concentration of cultures cells on the colonies showing an 
(~g/ml) in liquid 8th day after 10 interfering 
causing the media 7 days after plating subculturing of antibio- 
highest % of after addition produced gave the tics with 
bleached cells of antibiotics by 'minimal following nucleic acids 
or inhibition concentration' number of synthesis 
of chlorophyll bleached 
synthesis = subcultures 

1 Rubiflavin 200 40 W 100 10 t0, u 
2 Novobiocin 800 500 "W 100 10 13 
3 Nalidixic acid 2,000 500 W 100 10 is, 14 
4 Porfiromycin 100 80 W 98 10 xs 
5 Streptonigrin 120 100 W 81 9 16 
6 Sarkomycin 10,000 2,500 Y 79 8 1~ 
7 Anthramycin 80 60 W 87 9 zs, 1~ 
8 Myxin 200 10 W 100 10 20,s 
9 Edeine 5 4 Y 27 5 2x 

10 Phleomycin 0.1 0.05 PG 0 0 ~3 
11 Aetinomycin D 15 10 PG 0 0 33 
12 Nogalamycin 200 140 W 0 0 4, 3s, 34 
13 Cinerubin B 300 200 PG 0 0 3s 
14 Daunomycin 200 150 Y 0 0 ~a, 2~ 
15 Mithramycin 500 400 Y 0 0 3a, z4 
16 Echinomycin 300 200 Y 0 0 34 
17 Cordycepin 200 150 PG 0 0 35 
18 Tubercidin 1,000 700 PG 0 0 2~ 
19 Formycin 200 150 PG 0 0 z~ 
20 Cytosin arabinosid 1,000 700 PG 0 0 3s 
21 Decoyinine 1,000 700 PG 0 0 ~s 
22 Psicofuranin t,000 700 PG 0 0 2~ 

Abbreviations: W, white; Y, yellow; PG, pale green cultures. = Antibiotic concentrations lower than the 'minimal concentration' depigmented 
only a part of cells, however, so that when the cells were seeded on the solid medium they gave rise to 2 types of colonies i.e. green and 
white. The proportion of the 2 types of colonies depended largely on the antibiotic concentration. 
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g rowing  cu l tu re ,  ch lo rop la s t s  are  d i l u t ed  out .  All  b l each ing  
a n t i b i o t i c s  a c t  a g a i n s t  p l a s t i d s  as  o r d i n a r y  germicides .  
T h e  g r e a t e r  t h e  c o n c e n t r a t i o n  of t h e  an t ib io t i c ,  t h e  f a s t e r  
a n d  m o r e  ef fec t ive  is t h e  l e t h a l i t y  to  p las t ids .  

I n  a d d i t i o n  to  t h e  s u b s t a n c e s  l i s ted  in t h e  Tab le ,  
severa l  o t h e r  k n o w n  i n h i b i t o r s  of D N A  s y n t h e s i s  or  
m u t a g e n s  h a v e  b e e n  s h o w n  b y  o t h e r s  t o  b e  h i g h l y  
e f fec t ive  b l e a c h i n g  agents .  These  inc lude  n i t r o soguan i -  
d ine  x, t h e  n i t r o f u r a n s  s,s, t h e  m i t o m y c i n s  ~, U V - l i g h t  ~ a n d  
some o the r s .  M a n y  s u b s t a n c e s  k n o w n  to  i n h i b i t  p r o t e i n  
syn thes i s  a re  no t  e f fec t ive  b l e a c h i n g  a g e n t s  a l t h o u g h  
t h e y  i n t e r f e r  w i t h  ch lo rop l a s t s  d e v e l o p m e n t .  These  
inc lude  5-f luorouraci l ,  h a d a c i d i n ,  c h l o r a m p h e n i c o l ,  pu ro -  
mycin ,  t h e  t e t r a c y c l i n  a n t i b i o t i c s  etc.  A m o n g  these  
inh ib i to r s ,  c h l o r a m p h e n i c o l  a c t i o n  o n  Euglena chloro-  
p la s t s  is t h e  be s t  k n o w n  8. P e r h a p s  s t r e p t o m y c i n ,  a v e r y  
p o t e n t  b l e a c h i n g  an t ib io t i c ,  w h i c h  is be l ieved  to  be  a n  
i n h i b i t o r  of p r o t e i n  syn thes i s  in  b a c t e r i a  9 m a y  ac t  in 
ch lo rop la s t s  b y  a d i f f e ren t  way.  

The  re su l t s  o b t a i n e d  in th i s  s t u d y  sugges t  t h a t  on ly  
i nh ib i t o r s  of D N A  syn thes i s  are  b l e a c h i n g  a g e n t s  in  
Euglena. Since  some k n o w n  m u t a g e n s  are  also e f fec t ive  
aga in s t  ch lorop las t s ,  t hese  s u b s t a n c e s  m a y  cause  l e t h a l  
m u t a t i o n  in p l a s t i d s  in  t he  classical  sense. I t  m a y  be  
necessa ry  to  c lass i fy  i n h i b i t o r s  of D N A  syn thes i s ,  t he re -  
fore, as a g e n t s  w h i c h  cause  a 'k i l l ing '  of ch lorop las t s .  
T h e  pa tho log i ca l  p l a s t i d s  p r o d u c e d  b y  an  a n t i b i o t i c  are  
g r a d u a l l y  d i l u t ed  o u t  w i t h i n  t h e  m u l t i p l y i n g  cells. 

These  r e su l t s  show t h a t  Euglena gracilis c a n  b e  used  
as  a mode l  o r g a n i s m  for  se lec t ion  of D N A  i n h i b i t o r s  or  
poss ib ly  even  for  t h e  s t u d y  of a n t i c a n c e r  d r u g s  i n h i b i t i n g  
D N A  syn thes i s .  On  t h e  o t h e r  h a n d ,  t h e  s u s c e p t i b i l i t y  
of p l a s t i d s  to  a n t i b a c t e r i a l  a n t i b i o t i c s  offers  a n e w  tool  
for  he lp ing  to  a n s w e r  t h e  q u e s t i o n  we h a v e  p r e s e n t l y  
a s k e d :  ' W e r e  ch lo rop l a s t s  m i c r o o r g a n i s m s  ?'. 

Zusammen/assung. E r m i t t t u n g  e ine r  a l l geme inen  Rege l  
f iber die R e l a t i o n  de r  D N A - S y n t h e s e h e m m e r  u n d  die  
E l i m i n a t i o n  de r  C h l o r o p l a s t e n  bei  Euglena gracilis. 
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S e r u m  A l b u m i n  a n d  T r a n s f e r r i n  V a r i a n t s  i n  I t a l i a n  W a t e r  B u f f a l o  (Bos bubaUs L . )  

Th i s  r e p o r t  p r e s e n t s  t h e  resu l t s  of a s t u d y  i n to  t h e  
i den t i f i c a t i on  a n d  ana lys i s  of s e r u m  a l b u m i n  a n d  t r a n s -  
f e r r in  v a r i a n t s  i n h e r i t a n c e  o b s e r v e d  in I t a l i a n  w a t e r  
buffa lo .  E l e c t r o p h o r e s i s  w as  ca r r ied  o u t  a t  r o o m  t e m -  
p e r a t u r e  for  a p p r o x i m a t e l y  2 h w i t h  a d i s c o n t i n u o u s  
buf fe r  s y s t e m  (gel bu f f e r :  0 . 1 9 M  Iris + 0 . 1 6 M  cacody l i c  
acid,  p H  7.6-7.7,  d i lu ted ,  p r i o r  t o  p r e p a r a t i o n  of t h e  gel, 
1 : 1 6  for  a l b u m i n s  a n d  1 : 8  for  t r a n s f e r r i n s ;  bu f f e r  for  
e lec t rodes  c o m p a r t m e n t s :  0 . 3 M  bor ic  ac id  t i t r a t e d  to  
p H  8.7 w i t h  0 . 1 M  s o d i u m  h y d r o x i d e )  a n d  a v o l t a g e  
g r a d i e n t  b e t w e e n  t h e  e lec t rodes  of  350 V. C u r r e n t  d r a w n  
was  a p p r o x i m a t e l y  2.5 m A / c m  w i d t h  of t h e  gel. T h e  
s t a r c h  ( C o n n a u g h t  L a b .  T o r o n t o ,  b a t c h  242/1) was  used  
a t  14% c o n c e n t r a t i o n .  C o n f i r m a t i o n  t h a t  p r e s u m e d  t r a n s -  
fe r r in  b o u n d  i ron  was  o b t a i n e d  b y  a u t o r a d i o g r a p h y .  
E a c h  s a m p l e  rece ived  a b o u t  i]~ v o l u m e  of Fe  s9 (as ferr ic  
c i t r a t e ;  A m e r s h a m ,  B u c k i n g h a m s h i r e ,  E n g l a n d )  w i t h  
specific a c t i v i t y  of 3 -30  m C / m g  Fe. 

The  l e t t e r s  a d o p t e d  (see f igure  i l lu s t r a t ions )  for  
these  s u m m a r y  n o t a t i o n s  are  t h e  s ame  as those  used  
to  def ine  ca t t l e  a l b u m i n  a n d  t r a n s f e r r i n  p h e n o t y p e s  

h a v i n g  a p p r o x i m a t e l y  co r r e spond ing  e l ec t rophore t i c  mo-  
b i l i ty .  3 a l b u m i n  p h e n o t y p e s  (AlbA, A l b A B ,  AlbB)  were  
o b s e r v e d  in  b o t h  sexes. P h e n o t y p e s  A l b A  a n d  A l b B  
(Figure  1) were  cha rac t e r i zed  b y  a s ingle  b a n d  w i t h  
A l b A  m i g r a t i n g  f a s t e r  t h a n  AlbB.  T h e  p h e n o t y p e  A l b A B  
(Figure  1) h a d  2 bands ,  t h e  s lower  of  w h i c h  c o r r e s p o n d e d  
t o  A l b B  a n d  t h e  f a s t e r  to  AlbA.  F u r t h e r ,  t h e  b a n d s  in  
A l b A  a n d  A l b B  sera  occur red  in a p p r o x i m a t e l y  twice  
t h e  c o n c e n t r a t i o n  of t hose  in  t h e  A l b A B  sera.  Th i s  p a t -  
t e r n  sugges ted  t h a t  t h e  3 o b s e r v e d  p h e n o t y p e s  were  
d e t e r m i n e d  b y  2 c o d o m i n a n t  al leles  (Alb  A a n d  Alb  n) 
w i t h  A lbA a n d  A l b B  b e i n g  t h e  h o m o z y g o u s  t y p e s  a n d  
A l b A B  the  he te rozygous .  

P h e n o t y p e s  TfD a n d  T f E  showed  4 b a n d s  e a c h  a n d  
t h e  p h e n o t y p e s  T f D E  6 (F igure  2). A u t o r a d i o g r a p h y  
w i t h  Fe  s9 c o n f i r m e d  these  b a n d s  as t r ans fe r r ins .  
Again ,  t he se  p a t t e r n s  sugges ted  t h a t  t he  p o l y m o r p h i s m  
of t r a n s f e r r i n s  was  also r egu l a t ed  b y  2 c o d o m i n a n t  
al leles (Tf D a n d  Tf  E) w i t h  t h e  4 b a n d  p a t t e r n s  re fe r r ing  
to  t h e  h o m o z y g o u s  t y p e s  a n d  t he  6 b a n d  p a t t e r n  to  t h e  
he t e rozygous .  


